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TOXICOLOGY. 


BY 


R.  A.  WITTHAUS,  A.M.,  M.  D. 

Professor  oj  Chemistry,  Toxicology  and  Medical  Jurisprudence  in  Cornell 

University;  Emeritus  Professor  of  Medical  Chemistry  and 

Toxicology  in  the  University  of  Vermont. 


INTRODUCTION. 


HISTORICAL. 


It  seems  probable  that  the  deleterious  qualities  of  poisonous 
plants  and  the  effects  of  the  bites  of  venomous  reptiles  must 
have  been  recognized  by  prehistoric  man  at  a  time  long  ante- 
dating the  historical  period.  The  most  ancient  writings  which 
have  come  down  to  us,  if  they  deal  with  things  medical,  indi- 
cate a  knowledge  of  toxicology  in  the  early  civilization  of  Egypt 
and  India.  Duteil'  has  interpreted  a  passage  in  an  extremely 
ancient  papyrus  in  the  Louvre  as  follows:  "Speak  not  of  the 
name  of  Yao  under  the  penalty  of  the  peach,"  from  which 
it  would  be  difficult  to  draw  any  other  inference  than  that  the 
Egyptian  priests  were  acquainted  with  the  preparation  of  a 
poisonous  substance  (hydrocyanic  acid)  from  peach  leaves  or 
kernels  with  which  those  who  betrayed  the  secrets  of  the  priest- 
hood were  destroyed.  The  papyrus  Ebers^  also  makes  mention 
of  both  mineral  and  vegetable  poisons  (lead,  antimony,  copper, 
opium,  hyoscyamus)  without,  however,  referring  to  their  poi- 
sonous qualities. 

The  translations  of  the  early  Sanskrit  medical  writings  con- 
tained in  the  Ayur-Veda  (ca.  b.  c.  900?)  and  the  commentaries 
thereupon  (Shastras)  of  Charaka  and  Sushruta  {ca.  b.  c.  600?) 
which  have  been  made  by  Wise,^  indicate  an  extensive  knowl- 
edge of  poisons  among  the  Hindus  of  that  early  period.  The 
Ayur-Veda  contained  a  division  treating  of  the  administration 
of  antidotes  for  poisons,  and  of  the  prevention  of  the  effects 
of  the  diseases  produced  by  mineral,  vegetable,  and  animal  poi- 
sons, and  by  the  bites  of  venomous  serpents,  insects,  etc.     The 

'Flandin:   "Tr.  d.  Poisons,"  Par.,  ^"Commentary    on    the    Hindu 

1846,   i.,    31;   Hoefer,    "Hist.   d.   1.      System  of  Medicine,"  T.  A.  Wise, 
Chimie,"  Par.,  1842,  i.,  226.  Calcutta,  1845. 

^  "Papyros  Ebers,"  Joachim,  Ber- 
lin, 1890. 
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Shastras  of  Charaka  and  Sushruta  contain  sections  devoted  to 
poisons  and  their  antidotes  (kalpa,  panata)  in  which  the  actions 
of  vegetable,  animal,  and  mineral  poisons  are  described,^  includ- 
ing a  lucid  account  of  alcoholic  intoxication,  and  the  following, 
which  we  quote  to  show  that  criminal  poisoning  was  then 
guarded  against : 

"  It  is  necessary  for  the  practitioner  to  have  a  knowledge  of  the  symp- 
toms of  the  different  poisons  and  their  antidotes.  As  the  enemies  of 
the  Raj^.,  bad  women,  and  ungrateful  servants  sometimes  mix  poison 
with  food.  On  this  account  the  cook  should  be  of  good  family,  virtu- 
ous, faithful,  and  not  covetous,  nor  subject  to  anger,  pride,  or  laziness. 
.  .  .  The  practitioner  should  have  like  qualities,  with  an  intimate 
knowledge  of  poisons;  and  should  examine  the  food  to  be  eaten  by  a 
Raja  in  the  cooking  room.  This  should  be  large,  airy,  light,  and  sur- 
rounded with  faithful  servants,  and  no  one  should  be  allowed  to  enter 
unless  he  is  first  examined.  ...  A  person  who  gives  poison  may  be 
recognized.  He  does  not  answer  questions,  or  they  are  evasive  answers  ; 
he  speaks  nonsense,  rubs  the  great  toe  along  the  ground,  and  shivers; 
his  face  is  discolored;  he  rubs  the  roots  of  the  hair  with  his  fingers; 
and  he  tries  by  every  means  to  leave  the  house.  The  food  which  is 
suspected  should  be  first  given  to  certain  animals,  and  if  they  die,  it 
is  to  be  avoided." 

Apart  from  references  to  the  venom  of  serpents,^  Mosaic 
history  contains  but  few  allusions  to  poison,*  but  it  is  not 
probable  that  the  Hebrews  during  the  Egyptian  captivity  failed 
to  acquire  some  knowledge  of  the  action  of  poisons.  The  "  bitter 
water"*  and  "water  of  gall,"^  used  by  the  Hebrews  as  an  ordeal 
and  for  punishment,  must  have  contained  some  poison,  at  least 
in  those  cases  in  which  it  possessed  any  efficacy." 

The  Greeks  at  a  very  early  period  were  acquainted  with  the 
action  of  poisons  and  venoms.  Homer  relates  that  Ulysses' 
sought  to  obtain  from  Ephyra  a  poison  (<^apjaaKov  a.vSpo<l>6vov)  with 
which  to  anoint  his  arrows;  and,  according  to  Ovid,*  the  ar- 
rows of  Hercules  were  charged  with  the  venom  of  the  Ler- 
neian  serpent.     It  is  from  the  use  of  poisons  in  this  manner  that 

'  Wise,  I.  c,  pp.  391-412.  *  Numbers  v.  17-28. 

'  Gen.  ui.  15;  Deut.  xxxii.  24,  33.  '  Jeremiah  ix.  15. 

^See   "Hierobotanicon,"    O.   Cel-  °  Cf.  also  Mark  xvi.  18. 

sius,  Upsala,  1745,  i.,  8,  78;  ii.,  23,  '"Od.,"  i.,  261. 

119,408.  «"Metam.,"ix.,  158. 
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the  word  "toxicology,"  common  to  most  modern  languages,  is 
derived.'  Hecate,  the  daughter  of  Perseus,  is  said  by  Diodorus 
Siculus  to  have  been  skilled  in  the  preparation  of  poisons;  to 
have  discovered  that  called  aconite,^  and  to  have  tested  the  virtues 
of  her  preparations  by  mixing  them  with  the  food  of  her  guests. 
Having  acquired  great  experience  in  the  art,  she  poisoned  her 
husband.  Her  daughters,  Circe  and  Medea,  also  became  pro- 
ficient in"  toxicology,  and  the  former  profited  by  her  mother's 
example,  and  removed  her  husband  by  the  same  means.*  To 
protect  himself  from  the  poisons  and  spells  of  Circe,  Ulysses 
obtained  from  Hermes  an  herb  with  black  root  and  milk-white 
flower,  which  acted  as  a  narcotic* 

In  the  historical  period  there  are  numerous  evidences  of  an 
early  knowledge  of  the  action  of  poisons  among  the  Greeks  and 
neighboring  nations.  It  is  related  by  Plutarch^  that  Alexander 
the  Great  (b.  c.  333)  drank  the  medicine  offered  by  his  physi- 
cian, Philip,  and  recovered,  although  he  had  been  warned  that 
Philip  had  been  bribed  to  poison  him.  Xenophon  {ca.  b.  c. 
400)  relates  that  the  use  of  poison  was  so  frequent  among  the 
Medes  that  it  was  an  ancient  custom  for  the  cup-bearers  to 
taste  of  the  wine  before  presenting  it  to  the  king,  and  that 
among  the  Persians  the  children  were  instructed  in  the  proper- 
ties of  plants  that  they  might  know  which  were  deleterious." 
Of  the  fifteen  orations  of  Antiphon  (born  ca.  b.  c.  480)  one  was 
in  the  matter  of  an  accusation  of  poisoning.'  Among  the  Athe- 
nians an  indictment  for  poisoning  (<^ap/AaKO)i/  vel  (JMpixaKiia^  ypa-<t>v) 
was  tried  before  the  Areiopagus,  and  a  malicious  intent  was  a 
necessary  ingredient  of  the  crime,  for  which  the  punishment 
was  death.  Women  appear  to  have  been  most  addicted  to  the 
crime  of  poisoning  in  the  Grecian  period,  as  they  are  at  the 


'  TiloK,   a    bow;    to|ik6s,    for    the  ^Diodorus  Siculus,   "Hist.,"  iv., 

bow;    from    which    Dioscorides  45. 

(Alexiph.,    XX.)    derived    the    name  *"0d.,"  x.,  305;  v.,  236.    Theo- 

to|ik6i'    ((pdpfiaKov)    to   apply  to   the  phrastus   and    Dioscorides   consider 

poison   with   which   the   barbarians  this  /iuXu  to  have  been  a  species  of 

smeared  their  arrows.  '  garlic.    Pliny,  "  Hist.  Nat.,"  xxv.,  8. 

'  Whether  this  was  the  plant  now  ^  "  Vit.  Alexandri,"  c.  19. 

known  under  this   name    or  some  °  "Cyropaedia,"  i.,  3;  viii.,  8. 

other     (possibly     conium)     is     not  '  KarTiyopla    (papfmKhas   Kara    ttjs 

known.     The  Latin  writers  used  the  jUi/TpuiSs. 
word  to  refer  to  poisonous  plants  in 
general  (Virgil,  "Geor.,"  ii.,  152). 
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present  time.  ^  The  earliest  works  extant,  treating  specially  of 
poisons,  are  the  "Theriaca"  and  "  Alexipharmaca"  of  Nicander, 
written  between  b.  c.  185  and  b.  c.  135,^  which,  although  con- 
taining much  that  is  fabulous,  set  forth  so  wide  a  knowledge  of 
the  effects  of  many  vegetable,  animal,  and  mineral  poisons  that 
it  is  impossible  to  doubt  that  the  work  of  Nicander  was  but  the 
expression  in  poetical  form  of  information  previously  obtained 
by  an  extensive  experience  with  the  agents  whose  effects  he  de- 
scribes, probably  by  others  whose  writings,  if  such  existed, 
have  been  lost.  Indeed,  the  "History  of  plants"  of  Theo- 
phrastus,^  written  about  b.  c.  300,  contains  many  references  to 
the  poisonous  as  well  as  the  medicinal  action  of  the  vegetable 
poisons,  including  most  of  those  mentioned  by  Nicander. 

Hemlock  was  used  among  the  Greeks  for  the  execution  of 
criminals,  both  at  Athens  and  at  Marseilles,*  then  a  Greek 
colony,^  and  was  the  means  of  execution  of  Socrates,  b.  c.  339." 
It  is  also  related  by  Valerius  Maximus^  that  the  senate  of  Mar- 
seilles kept  hemlock  at  the  disposal  of  those  who  wished  to  de- 
stroy themselves  for  reasons  which  the  senate  deemed  to  be  ade- 
quate. In  B.  c.  317  Olympias,  widow  of  Philip  of  Macedon, 
having  captured  her  rival  Eurydice,  sent  to  the  latter  in  her 
prison  a  sword,  a  rope,  and  a  cup  of  hemlock  with  orders  to 
choose  her  mode  of  death.' 

"The  Materia  Medica"  of  Dioscorides,  written  in  the  first 
century  of  our  era,'  which,  with  the  commentary  of   Matthio- 

'  See    the    oration    of    Antiphon  destroyed  was  in  fact  conium  macu- 

above,  and  Kennedy,  Smith's  "  Die-  latum  was  a  question  among  the  ear- 

tionary  of   Greek  and   Roman   An-  lier   toxicologists.     Wepfer    ("Hist, 

tiquities,"    London,    1870,    p.    895;  Cicut.     Aquat.,"     vi.     Ed.,     Basil., 

Friedreich's  "  Bl.  f.  ger.  Anthrop.,"  1679,  p.  5)  gives  a  full  account  of 

1850,  i.,  65;  1853,  i.,  40;  1854,  ii.,  the  controversy.     The  evidence  ap- 

32,  78.         _  pears  to  be  in  favor  of  the  afErma- 

'  Poems  in  hexameter  verse.     The  tive,     as     is   shown     by     Schultze : 

enipioLKd  of  nearly  a  thousand  lines,  "Toxicologia       Veterum,"       Halle, 

and  the  ' Kke^KpapnaKa  of  more  than  1788,  p.  34,  s.  2,  and  particularly  by 

six  hundred  hnes.  Imbert-Gourbeyre:     "La    Mort    de 

'  Ilepi    tl>vTG>v    ia-Topla.      The     best  Socrate, "  Paris,  1876. 

editions    are    those    of    Bodteus    a  '  Lib.  xxi.,  cap.  6. 

Stapel,    fol.,    Amstelod.,    1644,    and  '  Diodorus,  xix.,  11;  Justin.,  xiv., 

Schneider,  5  vols.,  Lips.,  1818-21.  5;  ^lian,  V.  H.,  xiii.,  36. 

"  Cicuta  quoque  venenum  est  pu-  » The    first    Greek    edition,    fol., 

blica     Atheniensium    poena    invisa,  Venet.,  1499,  ap.  Aldum  Manutium; 

ad  multa  tamen  usus  non  omittendi.  the    first    Latin  translation,  attrib- 

Pliny,  "Hist.  Nat.,"  XXV.,  95.  uted     to     Petrus     Aponensis,    fol., 

'  Valerius  Max.,  ii.,  6.  Colle,  1478.     Of  the  numerous  later 

"  Diogenes  Laertius,  ii.     Whether  editions  probably  the  best  is  that  of 

the  poison  by  which  Socrates  was  Saracenus,  fol.,  Francof.,  1598. 
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hia^  remained  the  standard  work  upon  the  subject  down  to  the 
sixteenth  century,  contained  a  treatise  on  poisons  and  their 
antidotes.^ 

The  search  for  antidotes  was  probably  coeval  with  the  dis- 
covery of  the  deleterious  effects  of  poisons.  The  earliest  refer- 
ences to  the  use  of  counter-poisons  are  those  contained  in  the 
Odyssey^  and  in  the  Shastras.*  Theophrastus  and  Nicander  also 
direct  what  remedies  shall  be  used  to  combat  the  effects  of  poisons. 
It  was  in  the  first  century  b.  c,  however,  that  the  idea  of  an- 
tagonizing the  action  of  one  poison  by  another,  or  by  habitua- 
tion, was  first  developed.  According  to  Galen^  Zopyrus,  a 
physician  of  Alexandria,  invented  an  antidote  which  he  recom- 
mended to  Mithridates,  king  of  Pontus;  and  Celsus  refers  to  a 
similar  composition  which  the  same  physician  prepared  for  one 
of  the  Ptolemies.  The  extended  acquaintance  of  Mithridates 
with  the  action  of  poisons  and  of  their  antidotes  is  frequently 
referred  to  in  classical  literature,  and  it  is  related  that  when 
(in  B.  c.  63)  he  wished  to  commit  suicide,  his  constitution  had 
been  so  long  inured  to  antidotes  that  poison  had  no  effect  upon 
him  and  he  was  compelled  to  have  a  mercenary  dispatch  him  with 
his  sword. °  The  Mithridatic  antidote  is  described  by  Celsus'  as 
consisting  of  thirty-six  ingredients.  As,  according  to  Pliny,^ 
Pompey  caused  a  translation  of  the  work  of  Mithridates  on 
poisons  to  be  made  by  Lenseus,  it  is  not  improbable  that  the 
Mithridatic  served  as  a.  model  for  the  "Theriac"  of  Andro- 
machus,  and  the  numerous  other  theriacs  and  alexipharmacs, 
the  use  of  which  continued  down  to  the  beginning  of  the  eigh- 
teenth century. 

The  earliest  reference  to  criminal  poisoning  in  Roman   his- 

'  First  published  in  Italian,  1544.  ^  Appian,  "Mithridat.,"  107-111; 

Many   later    editions    in    Latin,    of  Dion  Cass.,  xxxvii.,  3,  11-13;  Plut., 

which  the  most  esteemed  is  that  of  "Pompey,"  41;  Phny,  "Hist.  Nat.,". 

Venice,  1565,  fol.  xxv.,     3;     Gelhus,     "Noct.     Att.," 

=  Printed  as  the  sixth  book,   vepl  xvii.,  16.     Also  Martial: 

Sr)Xr]Tr]plav  (papix&Koiv,  in  the  Aldine,  Profecit     poto     Mithridates     saepe 

1499,  1518,  Cologne,  1529,  and  Paris,  veneno, 

1549,  editions;  and  in  that  of  Sara-  Toxica  ne  possent  sseva  nocere  sibi. 

cenus  as  separate  treatises,  "Alexi-  'Celsus,     v.,     23.     Galen,     "De 

pharmaca"  and  "Theriaka."  Antid.,"  ii.,  9,  says  forty-four,  and 

=  See  p.  6.  Pliny,  "Hist.  Nat.,"  xxix.,  8,  fifty- 

*  See  p.  5.  four. 

^  "De  Antid.,"  ii.,  8,  vol.  xiv.,  p.  «  "Hist.  Nat.,"  xxv.,  3. 
150.     Ed.  Kuhn  and  Celsus,  v.,  23, 
s.  2,  p.  94. 
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tory  was  in  b.  c.  331,  when  about  twenty  matrons,  including 
Cornelia  and  Sergia,  were  surprised  in  the  act  of  preparing  a 
poison,  which  they  were  compelled  by  the  magistrates  to  drink, 
and  thus  perished.  Following  this,  other  matrons  to  the  num- 
ber of  one  hundred  and  seventy  were  convicted.'  In  b.  c.  184 
the  praetor  was  directed  by  the  senate  to  investigate  cases  of 
poisoning  (de  veneficiis  quaerere)  growing  out  of  the  baccha;- 
nalian  orgies,  and  in  b.  c.  180  another  Hke  investigation  was 
directed  during  the  prevalence  of  a  pestilence.  In  both  a  great 
number  of  persons  were  convicted.' 

The  first  legislative  enactment  specifically  relating  to  the 
crime  of  poisoning  was  the  Lex  Cornelia  de  Sicariis  et  Vene- 
ficiis, passed  by  the  dictator  Sulla  in  b.  c.  82,  which  continued 
in  force,  with  some  modifications,  until  the  fall  of  the  empire. 
The  punishment  provided  was  deportatio  in  insulam  and  con- 
fiscation of  property  if  the  prisoner  was  of  high  rank,  and  ex- 
posure to  wild  animals  if  of  low  degree.  A  later  provision 
made  the  law  applicable  to  druggists  (pigmentarii)  who  care- 
lessly administered  poisons,  and  to  women  who,  even  without 
evil  intent,  administered  poison  to  produce  conception,  if  the 
person  to  whom  it  was  given  died.  Women  so  convicted  were 
punished  by  banishment.^  In  the  legislation  of  Justinian  poi- 
soning was  regarded  as  a  more  heinous  crime  than  murder  by 
violent  means. ^ 

Although  many  of  the  suspected  poisonings  during  the  later 
years  of  the  Republic  and  the  Empire  mentioned  in  Roman 
literature  were  undoubtedly  false  accusations  or  mere  suspi- 
cions, the  very  prevalence  of  the  fear  and  imputation  of  poison- 
ing indicates  a  widespread  popular  knowledge  of  the  action  of 
poisons  and  readiness  to  use  them,  which  is  further  proved  to 
have  existed  at  that  period  by  a  great  number  of  murders  by 
poison,  the  historical  proof  of  which  cannot  be  questioned. 

Livia,  the  wife  of  Augustus,  was  strongly  suspected  of 
having  poisoned  Marcellus,  the  son  of  Octavia,  and  Caius  and 
Lucius,  the  children  of  Julia,  and  of  having  even  hastened  the 
death  of  Augustus  by  administration  of  poison  in  a.  d.  14,  to 

'Livy,   viii.,    18;    Val.    Max.,   ii.,  'Plus    est    hominem    exstinguere 

S)  s.  3.  veneno,  quam  occidere  gladio.     Dig. 

"  Livy,  xxxix.,  8,  38,  41;  xl.,  37.  xlviii,  8;  iv.,  3. 

'Marcian,   Dig.   48,   tit.   8,   s.   3; 
Inst.  4,  tit.  18,  s.  5. 
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secure  the  succession  to  her  son  Tiberius,'  who  was  believed  to 
have  compassed  the  death  of  Germanicus  by  poison  in  a.  d.  19, 
with  the  aid  of  Cn.  Piso  and  his  wife  Plancina.^  In  this  con- 
nection Tacitus  also  states  that  in  a.  d.  50  Martina,  a  notorious 
poisoner  (famosa  venefica),  and  the  favorite  of  Plancina,  was 
sent  to  Rome  for  trial,  but  died  suddenly  on  her  arrival  at 
Brundisium.'  During  the  reign  of  Tiberius,  Sejanus  seduced 
Livia,  the  wife  of  Drusus,  the  son  of  the  emperor,  and  with  her 
aid  and  that  of  the  physician  Eudemus,  caused  the  death  of 
Drusus  by  poison  administered  by  Lygdus  in  a.  d.  23.  The  facts 
were  only  brought  to  light  eight  years  later  upon  the  informa- 
tion of  Apicata,  the  wife  of  Sejanus,  supported  by  the  confes- 
sions, under  torture,  of  Eudemus  and  Lygdus.* 

It  is  stated  that  Caligula  left  a  large  chest  filled  with  several 
sorts  of  poisons,  which  being,  at  the  command  of  Claudius, 
thrown  into  the  sea  not  long  after  the  death  of  Caligula,  the 
waters  were  so  infected  thereby  that  there  died  abundance  of 
fish.= 

Agrippina  and  her  son  Nero,  aided  by  Locusta  and  Xeno- 
phon,  made  elaborate  studies  in  experimental  toxicology  upon 
the  human  subject,  and  applied  the  knowledge  so  gained  to  the 
removal  of  Crispus  Passienus,  the  second  husband  of  Agrippina, 
the  emperor  Claudius,  Domitia,  and  Britannicus.  Locusta  was 
executed  under  Galba." 

One  of  the  most  masterly  of  the  orations  of  Cicero  was  in 
defense  of  A.  Cluentius  Habitus'  (b.  c.  66),  accused  by  Oppi- 
anicus,  son  of  Statius  Albius,  of  three  distinct  acts  of  poisoning, 
two  of  which  had  proved  successful,  of  which  accusation  he  was 
acquitted.  Cluentius  himself  had  previously  (b.  c.  74)  accused 
Statius  Albius  of  an  attempt  to  poison  him,  and,  it  was  claimed, 
had  secured  his  conviction  by  bribery  of  the  judices.  In  his 
defense  Cicero  also  accuses  Statius  Albius  and  Sassia,  the 
mother,  and  one  of  the  accusers  of  Cluentius,  of  having  poisoned 
Cluentia,  a  former  wife  of  Albius,  and  also  makes  a  counter- 

'  Dion  Cass.,  liii.,  33.  «  Tacitus,  "Ann., "  xii.,  61,  66,  67; 

^Tac,    "Ann.,"   ii.,   73;   iii.,    16;  xiii.,  15,  19;  Suetonius,  "Nero,"  33; 

Pliny,  "Hist.  Nat.,"  xi.,  71.  Dion  Cass.,  Ix.,   34;  Ixiv.,   3;  Juv., 

'"Ann.,"  ii.,  7;  iii.,  7.  i.,  71. 

^Sueton.,      "Tib.,"     62;     Tacit.,  'Pro    Cluentio.     See    also    Blair, 

"Ann.,"  iv.,  3,  8,  ll.  "Lectures  on  Rhetoric,"  New  York, 

^Platina,   "Lives  of  the  Popes,"  1829,  pp.  298-311. 
Ed.  Ryoaut,  p.  2. 


12  TOXICOLOGY WITTHAUS. 

charge  against  another  accuser  of  his  client,  Clodia,  the  wife  of 
Q.  Met.  Celer,  that  she  had  poisoned  her  husband,  and  further, 
refers  to  a  physician,  Clodius,  as  having  been  employed  by 
Oppianicus  to  poison  his  grandmother,  Dinsea. 

It  is  rarely  that  the  nature  of  the  poison  used  is  referred  to 
by  Greek  or  Roman  writers.  The  word  "aconitum,"  as  used 
by  Juvenal,  Martial,  and  others,  applies  to  any  form  of  vege- 
table poison,  but  in  one  passage  of  Pliny  it  is  specially  applied 
to  a  certain  plant.'  C.  Papirius  Carbo  is  said  to  have  committed 
suicide  by  cantharides  in  b.  c.  119,  and  his  brother,  Cn.  PajDi- 
rius  Carbo,  destroyed  himself  in  B.  c.  119  with  a  "solution  of 
vitriol"  (atramentum  sutorium).^  Pliny  states  that  opium  was 
frequently  used  as  a  means  of  suicide,  and  cites  a  specific  in- 
stance in  the  case  of  Post.  Lie.  Csecina.^  The  blood  of  the  ox 
is  reputed  as  poisonous  by  Nicander  and  Dioscorides,  and 
.iEson  was  said  to  have  been  forced  to  kill  himself  by  drinking 
of  it."*  Either  the  account  is  fabulous,  or,  as  seems  more  prob- 
able, the  poisonous  quality  of  putrid  blood  was  recognized,  par- 
ticularly as  Nicander  refers  to  "black"  blood.  At  a  much  later 
period  (a.  d.  364)  the  death  of  the  Emperor  Jovian  was  probably 
the  subject  of  the  first  historical  reference  to  poisoning  by  car- 
bon monoxid.^ 

That  permission  to  commit  suicide  by  poison  was  granted  dur- 
ing the  Empire,  as  at  Athens,  is  evident  by  the  case  of  Euphrates, 
who,  having  reached  an  advanced  age,  asked  and  obtained  of 
Hadrian  the  permission  to  put  an  end  to  himself  by  poison. ° 

Simulation  of  poisoning  was  not  unknown  arrjong  the  Ro- 
mans, as  Pliny'  relates  that  Drusus  (b.  c.  91)  drank  goat's  blood 
that  the  pallor  so  produced  might  aid  in  substantiating  his  ac- 
cusation of  poisoning  against  his  brother-in-law,  Capio. 

'"Hist.    Nat.,"    xxvii.,    2.     This  tor  objecit.     Hinc  ilia  atrox  pero- 

passage  also  refers  to  a  method  of  ad-  ratio  ejus  in  digitum. 

ministration   which   has   been   very  ^  Schmitz,  in  Smith's  "Diet.,"  i., 

rarely   imitated   in    modern   times:  610,  611. 

Sed  antiquorum  curam  diligentiam-  ^  "Hist.  Nat.,"  xx.,  76. 

que  quis  possit  satis  venenari,  cum  *  Nicand.,  "  Alexiph.,"  312;  Diosc, 

constet    omnium    venenorum    ocys-  "Alexiph.,"   cap.  xxv.;   Diod.   Sic, 

simum    esse    aconitum,     et    tactis  iv.,     50.     See    also    Pliny,     "Hist! 

quoque  genitalibus   fceminini   sexus  Nat.,"  xxviii.,  41. 

animahum  eodem  die  inferre  mor-  'Plate    in    Smith's    "Diet.,"    ii., 

tem?     Hoc   fuit  venenum,   quo  in-  615;    Hoffmann,    "Op.    Omn.' "    i.' 

teremtas    dormientes    a    Calpurnio  229.     Gibbon,  iii.,  232. 

Bestia    uxores    M.  Ca;cilius  accusa-  »  Dion  Cass.,  Ixix.,  8. 

'  "Hist.  Nat.,"  xxviii.,  41. 
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During  the  interval  between  the  division  of  the  Roman  Em- 
pire (a.  d.  364)  and  the  Renaissance,  a  period  of  a  thousand 
years,  toxicological  science,  so  far  as  methods  of  detection  and 
symptomatology  are  concerned,  made  no  step  in  advance,  and 
the  armamentarium  of  the  poisoner  was  only  slightly  extended 
by  the  addition  of  a  few  new  forms  of  poisons  already  known, 
such  as  white  arsenic,  and  other  chemical  compounds  discov- 
ered by  the  Greek  and  Arabian  alchemists.  The  history  of  this 
period  is  lacking  in  that  precision  which  is  essential  to  distin- 
guish between  mere  suspicion  of  poisoning  in  cases  of  sudden 
death  of  prominent  persons  and  deaths  truly  attributable  to 
poison.  Yet  there  is  no  lack  of  supposed  poisonings,  although 
less  concealed  methods  of  disposing  of  obnoxious  persons  were 
more  freely  resorted  to  than  during  the  comparatively  civilized 
period  of  the  Roman  Empire.  An  indication  of  the  customs  of  the 
times  is  to  be  found  in  the  methods  of  termination  of  the  reigns 
of  the  eighty-three  emperors  of  the  East  from  Valens  (a.  d.  364) 
to  Constantine  XII.  (obiit  a.  d.  1453);  of  these,  thirty-nine  died 
from  causes  presumably  natural,  seventeen  by  assassination, 
four  were  killed  in  battle,  two  by  accident,  seven  by  poison,' 
and  fourteen  were  disposed  of  by  confinement  in  monasteries. 

Constantine  the  Great  is  said  to  have  caused  the  death  of 
his  son  Crisp  us  in  a.  d.  326,  either  "by  the  hand  of  the  execu- 
tioner or  by  the  more  gentle  operation  of  poison."^  Nine  of  the 
successors  of  Charlemagne  as  emperors  of  the  Holy  Roman 
Empire,  anterior  to  the  accession  of  the  house  of  Austria  in 
143S,  died  from  the  effects  of  poison.^ 

'Constantine  III.,  A.  D.  641,  by  ^  Charles  the  Bald  (II.)  by  a  He- 

his    stepmother,    Martina    (Gibbon,  brew   physician,    Sedecias,    in    877; 

"Rom.  Emp.,"  ed.  Smith,  London,  Otho  II.  at  Rome  in  983;  Otho  III. 

1862,    vi.,   73);    Leo  IV.,  a.  d.  780  by   Stephanie,    widow   of    Crescen- 

(Robertson,  "Hist.  Christ.  Church,"  tins,   in    1002    (Robertson,  I.  c,  ii., 

ii.,    151);    Constantine    VII.,  a.   d.  435);  Conrad  III.,  by  Roger  of  Sic- 

959,  by  his  son,  Romanus  II.,  at  the  ily  in  1152;  Henry  VI.  by  his  wife 

instigation  of  his  wife  Theophano,  Constance,    in    1197;   Frederick    II. 

who,  four  years  later,  a.  d.  963,  poi-  by    an    illegitimate    son,    in    1250; 

soned  her  husband  as  she  had  his  Conrad  IV.,  according  to  some  by 

father    (Smith,    "Diet.    Biogr.,"    i.,  orders    of   the   Pope,    according    to 

840;  iii.,  656,  657;  Gibbon,  I.  c,  vi.,  others  his  physician,  John  Maurus, 

103,  104);  Zimisces,  a.  d.  975  (Gib-  of  Salernum,  administered  an  enema 

bon,  Z.  c,  vi.,  107;  Smith,  "Diet.,"  i.,  containing  powdered  diamond  and 

469) ;  Romanus  III.,  a.  d.  1034,  by  scammony,  in  treatment  for  a  fever, 

his  wife  Zoe  (Gibbon,  I.  c,  vi.,  109;  whereof  he  died  in  1254;  Henry  VII. 

Smith,    "  Diet.,"    iii.,    657) ;    Henry  by     poison     administered     in     the 

a.  d.  1216  (Smith,  "Diet.  "  ii    382).  sacrament  by  monks  at  the  instiga- 

^  Gibbon,  ii.,  352.  tion    of    Robert,  King   of    Naples, 
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Of  the  Popes  of  Rome,  up  to  the  close  of  Platina's  history, 
at  the  death  of  Paul  II.  in  1471,  five  are  said  to  have  died  of 
poison.*  In  the  "  Acta  Sanctorum"  of  the  Bollandists  are  many 
references  to  instances  of  poisoning  which  have  been  collected 
by  Marx.^ 

Rosamond,  widow  of  Albion,  King  of  Pannonia,whose  mur- 
der by  Helmichis  she  had  instigated,  sought  to  poison  her 
confederate,  in  575,  with  poison  in  wine.  He  drank  half,  and, 
feeling  the  effects,  compelled  her  to  drink  the  remainder,  so 
that  in  a  few  hours  both  came  to  their  end.^ 

Childebert,  King  of  Austrasia,  was  poisoned  in  596,  either  by 
his  mother  Brunhilde  or  by  Fridegonde,  Queen  of  the  Franks. 
The  life  of  the  latter  "could  be  summarized  in  a  chronological 
table  of  assassinations  by  steel  or  poison";  the  former  was  ac- 
cused of  having  poisoned  her  grandson,  Thierry,  and  of  having 
murdered  ten  kings  or  sons  of  kings.'' 

In  the  first  years  of  the  twelfth  century  Bertrade,  wife  of 
Philip  I.  of  France,  attempted  to  poison  her  stepson,  afterward 
Louis  VI.,  who  escaped  death  by  a  miracle  and  suffered  long 
from  the  effects  of  the  poison.^ 

Early  in  the  thirteenth  century  King  John  of  England  is 
said  to  have  caused  the  death  of  Maud  Fitzwalter-in  the  Tower 
of  London  by  a  poisoned  egg.* 

The  Register  of  the  Chatelet  at  Paris,  under  date  of  July 
22d,  1390,  contains  an  account  of  the  examination  of  one  Jehan 
le  Porchier,  accused  of  intent  to  poison  the  king  (Charles  VI.)' 

Charles  the  Bad  (II.)  of  Navarre  is  said  to  have  been  well 
versed  in  alchemy  and  toxicology.  Godefroy  of  St.  Denis  and 
Juvenal  Ursinus  recite  the  directions  given  by  Charles  to    a 

in    1313    (Infessura,    Diarium,    ed.  made  to  poison  Eugene  IV  in  1432 

?'"'^,'"<J*'  "Corp.  Hist    Med.  Aevi.,"  (Infessura,  I.  c,  ii.,   1876;  Platina," 

11.,    1866.     Platma,    "Live's   of   the  /.  c,  358.) 

Popes,"  ed.   Rycaut,  p.  304);  Gun-  ^"Lehre  von  den  Giften,"  Gott  , 

tiier,   poisoned    by   a   physician   of  1827,  p.  38 

Frankfort    in    1349.     (See    Hoefer,  =  Machiavelli,    "Hist.    Florence," 

Biog.  g6n.,"  passim.)  ed.  Bohn,  p.  12 

•■  '/,  m°  n/"^"  ^Pf  T^^?nf  *5S?'  ^:  "■'  '  Thierry,  "  R^cits  M^rovigniens." 

11.,  419);  Clement  II.,  1046  (Platina,  =  Hoefer,     "Biogr      g^n  "•     Pru- 

f^-^y^'''^''?-^^^:^°}>^''^^P^,l-c.,  dhomme,    "Crimes    des    Reines    de 

u.,  550) ;  Damasus  II.,  1048  (Robert-  France,"  Par    1791   p  83 

son,  ibid.) ;  Victor  III    1087  (Platina  »  Dixon,  "  Her  M'ajesty's  Tower," 

215;  Robertson,  11.,  668);  Benedict  London,  1869,  i.,  46. 

"      )?L?--)'  .-^^^^  (Infessura,   /.  c,  '  Introduction,  vol.  i.,  xiii. 

u.,    1865).     An    attempt    was   also 
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minstrel,  Woudreton,  that  he  shall  purchase  "sublimed  arsenic," 
which  he  will  find  in  the  shops  of  the  apothecaries,  and  poison 
the  King  of  France  (Charles  VI.),  his  brother,  and  two  uncles, 
by  mixing  it  with  their  food  or  drink.  Woudreton  was  cap- 
tured and  executed  in  1384.^ 

In  the  writings  of  physicians  during  the  Middle  Ages  are  in- 
dications in  varied  forms  showing  that  criminal  poisoning  was 
certainly  not  a  lost  art.  Thus  Oribasius  includes  in  the  elab- 
orate collection  of  earlier  medical  writers,  which  he  prepared  at 
the  command  of  Emperor  Julian  (a.  d.  361),  a  chapter  on  poi- 
sons, the  brevity  of  which  is  accounted  for  by  the  statement 
that  the  dissemination  of  the  knowledge  of  the  action  of  poisons 
would  be  an  aid  to  the  commission  of  crime.  ^  The  same  view 
was  not  entertained  by  Aetius  of  Amida,  physician  to  Jus- 
tinian I.,  who  wrote  in  the  middle  of  the  sixth  century,  and 
described  the  poisons  then  known,  chiefly  those  already  men- 
tioned by  Nicander  and  Dioscorides,  and  their  effects  and  anti- 
dotes.^ The  fifth  book  of  the  "de  Arte  medendi,"  of  Paulus 
.iEgineta  {circa  a.  d.  650),  treats  in  the  first  twenty-six 
chapters  of  venoms  and  in  the  remaining  forty  of  poisons,^  and 
is  practically  a  transcript  of  Dioscorides. 

From  the  middle  of  the  seventh  century  to  the  rise  of  the 
school  of  Salernum  in  the  beginning  of  the  eleventh  century, 
was  a  period  practically  without  contributions  to  medical  litera- 
ture by  Christian  writers,  although  several  Arab  physicians  of 
note  lived  in  the  tenth  and  eleventh  centuries,  whose  works  con- 
tain more  or  less  of  toxicological  interest,  particularly  with  ref- 
erence to  substances  having  poisonous  qualities,  such  as  cor- 
rosive sublimate  and  white  arsenic,  which  had  been  discovered 
by  the  Arabian  and  Greek  alchemists.  The  eighth  book  of  the 
"Almansor'"^  of  Rhazes  {oh.  923  or  932)  treats  of  poisons  and 
antidotes.  Corrosive  sublimate-is  described  as  being  highly  poi- 
sonous, while  liquid  mercury  was  found  non-toxic  in  an  experi- 

'  Hoefer,  "Histoire  de  la  Chimie,"  qui    hEec    doceat,    causam    scelestis 

ex  Mangin,  "Poisons,"  p.  36.     For  praebebit,     ut     multa     mala     faciat 

other  instances  of  poisoning  during  ("Deloc.  affect.,"  iv.,  63). 
this  period,   see   Marx,   "Gifte,"  i.,  =>  Tetrabiblion    IV.,  serm.    i.,   10, 

42,  seq.  45-81. 

^De  venenis  neque  tutum  est  in-  *  Ed.   Basil.,  fol.,   1532,  pp.  304- 

definite    scribere,    neque    memoriae  331. 

hterarum  commendare  omnes  cura-  ^"  Liber     medicinalis     Almanso- 

tiones  neque  nocumenta,  quae  (juis-  ris." 
quis    ex    eis    nasci    dicit,    siquidem 
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ment  upon  a  monkey.  In  the  "Liber  Regius  of  Haly Abbas'" 
(06.  994)  directions  are  given  for  the  treatment  of  poisoning. 
Avicenna  (980-1037)  wrote  at  length  concerning  poisons,  their 
action  and  antidotes. ^  His  death  was  due  to  a  heroic  treatment 
to  which  he  subjected  himself,  accelerated  by  a  mithridatic  con- 
taining an  excess  of  opium.  The  work  of  Serapion  the  Younger 
(circa  1070),  which  is  a  compilation  from  previous  writers,  con- 
tains much  of  toxicological  interest.  He  describes  nux  vomica, 
but  does  not  refer  to  its  tetanic  action,  mentions  the  depilatory 
and  escharotic  power  of  arsenic  trisulfid  (Galen),  and  discusses 
the  bezoar  and  its  virtue  as  a  universal  antidote.^ 

Several  Arabian  and  European  medical  writers  during  the 
twelfth,  thirteenth,  and  fourteenth  centuries  described  the  ac- 
tions of  poisons  and  antidotes;  among  others,  Johannes  Actu- 
arius,  Averrhoes  (ob.  1206),  Maimonides  (ob.  1208),  Nicholaus 
Praepositus,  and  Gilbertus  Anglus.  A  few  also  contributed 
special  treatises  upon  poisons;  Petrus  of  Abano  (1250-1320); 
Arnaldus  of  Villanova  (ob.  1314);  Antonius  Guainierius  (ob. 
1445),  and  Santis  de  Ardoynis  (ob.  1424-26). 

With  the  Renaissance  in  Italy  poisoning  became  an  art, 
practised  for  private  vengeance  or  cupidity,  or  political  murder 
at  the  procurement  of  states  as  well  as  individuals.  During 
the  fifteenth  century  no  less  than  fourteen  editions  of  the  "  De 
Venenis"  of  Abano  were  printed,  the  rarity  of  all  of  which  is 
additional  testimony  of  their  popular  use. 

The  despot  of  that  period  "  protected  his  bedchamber  with  a 
picked  guard,  and  watched  his  meat  and  drink  lest  they  should 
be  poisoned,"  and  "no  one  beheved  in  the  natural  death  of  a 
prince;  princes  must  be  poignarded  or  poisoned"  (Symonds). 
Of  the  long  list'  of  poisonings  of  prominent  persons  during  the 
fifteenth  and  sixteenth  centuries,  a  few  may  be  cited  as  exam- 
ples: Polissena,  the  first  wife  of  Francesco  Sforza,  and  her  little 
girl  were  poisoned  by  her  aunt;  Gian  Galeazzo  Sforza  was  poi- 
soned in  1494  by  his  uncle,  Ludovico;  Cardinal  Ippolito  di  Medici 
was  poisoned  by  his  brother,  Alessandro,  in  1535,  who  also 
caused  the  death  of  the  poet  Berni  by  the  same  means  in  1536; 

'  I'i^.  iv.,  c.  38.        _  from  the  intestines  of  herbivorous 

Kanon,     lib.  n.,  iv.  animals)  continued  in  vogue  as  an 

'  "  De    simplicium   medicamento-  antidote  until  the  beginning  of  the 

rum  historia,"  Venet.,  1552,  iv.,  16;  eighteenth     century.      (See    Marx, 

VI.,  6;  VI.,  31.     The  bezoar  (calcuh  "Gifte,"  210-211. 
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Antonio  Fiziraga  was  poisoned  at  Lodi  in  1402;  Biordo  Miche- 
lotti  was  stabbed  between  the  shoulders  with  a  poisoned  dagger 
by  his  relative,  the  abbot  of  S.  Pietro,  in  1416;  a  princess  of  the 
house  of  Este  was  poisoned  by  her  husband  in  1493  to  prevent  her 
poisoning  him;  while  Lucchino  Visconti  was  plotting  to  murder 
his  wife,  Isabella  Fieschi,  she  Succeeded  in  poisoning  him  in 
1349;  Gian  Galeazzo  Visconti  poisoned  his  uncle  Bernabo  in 
1385;  Pietro  Riario,  Cardinal  of  San  Sisto,  died  at  Rome  in 
1474,  poisoned,  it  is  alleged,  by  the  Venetians;  Louisa  Strozzi 
was  killed  by  a  corrosive  poison  in  1534;  Ladislas,  King  of 
Naples,  died  in  1414  from  the  effects  of  a  poison,  which  a  phy- 
sician of  Perugia  had  placed  upon  the  lips  of  his  daughter,  the 
king's  mistress;  Leo  X.  (Medici)  died  suddenly  in  1521,  and, 
according  to  the  testimony  of  physicians,  by  poison.  The  his- 
torian Guicciardini,  in  an  essay  upon  the  form  of  government 
to  which  Florence  was  best  suited,  speaks  of  the  manner  in 
which  tyrants  should  be  dealt  with  as  follows:  "The  one  true 
remedy  would  be  to  destroy  and  extinguish  them  (the  tyrants) 
so  utterly  that  not  a  vestige  should  remain,  and  to  employ  for 
this  purpose  the  poignard  or  poison,  as  may  be  most  convenient; 
otherwise  the  least  surviving  spark  is  certain  to  cause  trouble 
and  annoyance  for  the  future."^ 

That  political  murder  by  poison  was  considered  as  quite  legit- 
imate in  Italy  at  that  time  is  evidenced  by  the  contents  of  the 
secret  archives  of  the  Council  of  Ten  at  Venice,  which  have 
been  published  by  Lamansky:^ 

The  second  minute  in  the  collection,  under  date  of  May  24th,  1419,  is 
an  agreement  of  the  Council  to  a  proposition  of  Michaletus  Mudacio  to 
poison  Sigismund,  King  of  Hungary,  for  a  specified  reward,  and  that 
poison  shall  be  furnished  him  for  the  purpose.  This  Mudacio  seems 
to  have  played  a  double  game  with  the  Council,  for  after  experiments 
with  alleged  poisons  found  to  be  harmless,  and  several  discussions  in 
the  Council  concerning  him  in  1419,  1420,  and  1432,  the  desired  end 
was  not  attained,  and  Sigismund  died  a  natural  death  in  1437.^  The 
third  entry  in  the  record,  September  23d,  1419,  relates  to  an  offer  by  the 

'For  poisonings  in  Italy  at  this  dies  of  the  Medici,"  (1908);  and  the 

period,  other  than  the  Borgian,  see  historians  of  the  period:  MachiaveOi, 

Symonds,   "Renaissance   in   Italy,"  Guicciardini,  Sismondi,  Varclii,    In- 

i.;     Roscoe,     "Life    of     Leo    X.";  fessura. 

"Histoire  des  Papes,"  Paris,  1842-  ^"Secrets  d'Etat  de  Vemse,"  St. 

44;  Corvo:  "Chronicles  of  the  House  Petersburg,  1884. 

of  Borgia,"    1901;  Staley:  "Trage-  'See  also  Lamansky,  I.  c,  p.  159. 
IV.— 2 
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Archbishop  of  Trebizonde  to  procure  the  death  by  poison  of  Marsilius 
of  Carrara,  which  was  accepted  and  payment  of  fifty  ducats  and  a 
horse  ordered.  In  1450,  December  2d,  "the  Council  received  a  poison  in 
the  shape  of  balls,  prepared  at  their  express  order,  and  killing  by  its  odor 
alone,  when  thrown  into  the  fire.  A  distinguished  person,  discreet 
and  intelligent,  subject  of  another  state,  having  offered  his  services  to 
poison  Count  Francesco  Sforza,'  with  only  the  condition  that  the 
poison  should  be  furnished  him,  the  Council,  in  view  of  the  advantages 
which  the  State  might  gain  from  the  death  of  the  Count,  decrees  that 
the  effects  of  the  poison  shall  be  previously  tested  upon  a  person  con- 
demned to  death."  The  same  matter  was  further  discussed  by  the 
Council  during  1451-53,  and  matters  seem  to  have  been  pressing  in 
September  and  November,  1453,  when  the  last  references  to  the  project 
impose  the  condition  that  it  shall  be  executed  in  December.  Again, 
August  24th,  1464,  it  accepts  a  proposition  of  a  Manual  Sardoun,  to 
poison  the  Sultan  Mahomet  II.  for  a  stated  compensation.^  Under 
date  of  November  5th,  1477,  the  Council  records  its  acceptance  of  the 
proposition  of  Bishop  Raditch,  to  cause  the  poisoning  of  Sanzach  and 
Ismael,  two  Turliish  generals  then  besieging  Croya.  For  this  service  a 
pecuniary  compensation  is  agreed  upon,  partly  in  the  form  of  a  pension 
"until  by  the  intercession  of  the  Council  with  the  Pope,  the  latter  shall 
have  given  him  (the  bishop),  a  benefice."  Again,  January  14th, 
1478-79,  it  accepts  the  proposition  of  one  Lazarus,  "the  Turk,"  to 
poison  the  wells  from  which  the  Pasha  and  his  army  take  their  water; 
and  orders  that  poison  in  sufficient  quantity  be  sent  him.  June  27th, 
1492,  the  Council  accepts  an  offer  of  one  Jacob  of  Venice,  to  poison  a  sea- 
captain,  Barbetta,  who  had  gone  over  to  the  Turks.  February  13th, 
1514-15,  orders  are  sent  to  the  Count  of  Lessina  to  poison  or  otherwise 
assassinate  the  Turk  Kara-Mustapha.  On  December  29th,  1525,  the 
Council  took  measures  to  avoid  awkward  complications  arising  from  the 
misdirection  of  certain  letters  relating  to  poisoning.  April  27th,  1527, 
it  deliberates  over  an  offer  on  the  part  of  Don  Babo  de  Naldo  to  poison 
the  Duke  of  Bourbon.  October  29th,  1562,  the  Council  orders  the 
rectors  of  Zara  to  cause  the  death  of  a  prisoner,  Camillo  Pecchiari,  by  a 
poison  which  they  sent  for  the  purpose,  and  which  they  direct  to  be 
given  in  small  and  repeated  doses,  that  the  death  may  appear  to  be  due 
to  disease.  March  27th,  1563,  orders  are  sent  to  the  Venetian  agent  in 
Constantinople,  to  cause  the  death  of  a  dragoman,  suspected  of  treach- 
ery, by  poison.  September  20th,  1564,  the  Council  sends  letters  denying 
that  it  caused  the  poisoning  of  Giordano-Orsini.  May  12th,  1568,  the 
destruction  of  a  wounded  prisoner,  by  the  apphcation  of  poison  to  his 
wound  by  the  barber  having  charge  of  him,  is  ordered.     February  5th, 

'  Sforza  died  of  dropsy  March  8th,  '  Mahomet  died  May  3d,  1481. 

1466. 
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1570-71,  the  Council  sent  a  chest  of  poison  to  the  proveditorin  Dal- 
matia,  with  orders  to  poison  the  wells  and  springs  from  which  the 
enemies  of  the  Republic  take  their  water.  At  various  times  during 
1574-86  the  Council  discusses  the  cases  of  two  Turkish  captains, 
finally  causing  their  death  by  poison,  and  sending  instructions  to  its 
representative  at  Constantinople  to  ascribe  their  deaths  to  disease. 
June  3d,  1592,  the  Council  suggests  to  its  envoy  at  Constantinople,  that 
he  poison  a  dragoman  in  his  employ,  whose  faithfulness  it  doubts. 
During  the  seventeenth  century  the  secret  archives  continue  to  refer 
frequently  to  the  poisoning  of  enemies  of  the  Republic.  Indeed,  as 
late  as  December  16th,  1755,  the  Council  finds  that  the  poisons  in  its 
collection  are  in  great  disorder,  and  orders  the  Inquisitors  to  put  them 
in  a  more  safe  and  serviceable  condition. 

That  the  Council  at  an  early  date  sought  to  prevent  the  too  vulgar 
use  of  poisons  is  shown  by  a  law  passed  by  it  in  1410,  in  which  apothe- 
caries are  forbidden  under  severe  penalties  to  give  or  sell  poisons  to  any 
person  without  an  order  from  the  judges.' 

Three  recipes  for  the  preparation  of  poison  are  preserved  as 
"secreta  secretissima"  in  the  archives  under  date  of  1540-44. 
One  of  these  shows  the  poison  to  have  consisted  of  a  mixture  of 
corrosive  sublimate,  white  arsenic,  arsenic  trisulfid,  and  arsenic 
trichlorid,  prepared  by  sublimation.^ 

Of  the  numerous  murders  committed  by  Pope  Alexander  VI. 
(1492-1503)  and  his  son,  Caesar  Borgia,  many  were  by  poison. 
The  unfortunate  Zizim,  or  Djem,  son  of  Mahomet  II.,  who  had 
sought  refuge  at  Rome  from  his  brother  Bajazet,  was  poisoned 
between  Rome  and  Naples  by  Alexander  in  1495,  for  a  consid- 
eration of  300,000  ducats  paid  by  the  Sultan.  Agnelli,  bishop 
of  Cosenza,  was  poisoned  in  1497  by  Ctesar,  who  also  caused 
the  poisoning  of  the  Bishop  of  Cette,  in  France,  1498,  and  that 
of  his  own  near  relative,  Giovanni  Borgia,  in  1500.  At  least 
five  cardinals,   Giambattista  Orsino;  Ferrera,  Cardinal  of   Mo- 

'"Nullo  mode  vel  ingenio  possit  piment);  "sal  armonia,  g.  6"  (am- 

dare    nee    vendere    talem    speciem  monium  chlorid.     See  Kopp,   I.  c, 

veneni  sive  tossici  alicui  persona  de  iii.,  237);  "sal  gema,  g.  6"  (sodium 

mondo— sine     buleta     prediota     et  chlorid) ;  "  verde  rams,  g.  4  "  (verdi- 

licentia  dominorum  justiciariorum,"  gris).     Arsenic  trichlorid  would  be 

Lamansky,  I.  c,  p.  533.  produced    by    the    action    of    the 

"  The  materials  used  in  the  first  chlorids    upon    the    compounds    of 

subhmation    were:     "Suhmado,    L.  arsenic.     In  the  second  subhmation 

2"    (corrosive   suMimate) ;   "arseni-  "radix    napello,    g.    4"     (aconite), 

cho,"   g.   6;   "rexegal,   g.   2"    (real-  and    "aquade   ciclamina,    L.    10" 

gar.     See  Kopp,  "  Gesch.  d.  Chem.,"  (cyclamen  europaeum). 
iv.,  99);  "oro  pimento,  g.  6"   (or- 
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dena;  Michiel,  Cardinal  St.  Angelo;  and  the  Cardinals  of 
Capua  and  Verona,  were  removed  by  poison  between  1495  and 
1503,  to  satisfy  the  rapacity  of  Alexander.  "  Having  sold  the 
scarlet  to  the  highest  bidder,  he  used  to  feed  his  prelate  with 
rich  benefices.  When  he  had  fattened  him  sufficiently,  he  poi- 
soned him,  laid  hands  upon  his  hoards,  and  recommenced  the 
game."'  Alexander  himself  finally  fell  a  victim  to  his  own 
poison  in  1503,  and  Caesar  only  escaped  death  at  the  same  time 
after  a  severe  illness;  for  the  Pope's  butler  served  the  poisoned 
wine,  intended  for  some  wealthy  cardinals,  to  the  Pope  and  his 
son  by  mistake. 

Catharine  di  Medicis,  wife  of  Henry  II.  of  France  (1533-89) 
is  said  to  have  had  in  her  employ  a  Milanese  named  Reni,  who 
served  her  in  the  double  capacity  of  perfumer  and  poisoner.^ 

A  story  in  the  memoirs  of  Henri  de  Guise,  about  the  middle 
of  the  seventeenth  century  (1648)  indicates  the  popular  feeling 
with  regard  to  poisoning:  A  soldier  being  requested  to  assas- 
sinate Annese,  the  successor  of  Massaniello  at  Naples,  shrank 
with  horror  from  the  suggestion,  but  at  the  same  time  signified 
his  perfect  willingness  to  poison  him. 

Nor  was  poisoning  unknown  in  England  during  the  six- 
teenth and  seventeenth  centuries.  In  1531  a  statute  of  Henry 
VIII.  (22  Hen.  VIII.,  c.  9)  ordered  poisoners  to  be  boiled  to 
death.  In  1537  particular  precautions  were  taken  for  the  safety 
of  the  infant  Edward,  Prince  of  Wales:  "The  food  supplied  for 
the  child's  use  was  to  be  largely  'assayed.'  His  clothes  were 
to  be  washed  by  his  own  servants,  and  no  other  hand  might 
touch  them.  The  material  was  to  be  submitted  to  all  tests  of 
poison."^  In  1542  a  young  woman  was  boiled  ahve  at  Smith- 
field  for  having  poisoned  three  families.^  On  September  15th, 
1613,  Sir  Thomas  Overbury  died  in  the  Tower  of  London,  poi- 
soned by  corrosive  subKmate,  administered  in  an  enema  at  the 

'  Symonds,  I.  c,  414.     As  to  the  1649,  pp.  43,  56,  64,  65,  78,  84,  116, 

Borgian  poisonings  see  also  Roscoe,  154.     The  fii-st  edition  of  this  work 

Lifeof  LeoX.";  Gordon,  "Livesof  incorrectlyattributedtoH.  Estienne, 

Alexander   VI.   and   his   son   Cajsar  dated  1575,  was  pubUshed  in  1574 

Borgia";  Tomasi,   "Vita  di  Cesare  See    also    Freer,    "Life    of    Jeanne 

Borgia    ;  Lamansky,  op.  c)(.,- Goetz,  d'Albert,"   Lond.,  n.  d.,   399,  402- 

Uiss.     de     Mensis     Pontificiorum  405. 

"*'''?f°atis,"  Lubeck,  1715.  3  proude,  "  His.  of  Eng., "  iii.  246 

Discours  merveiUeux  de  la  Vie  •  AVriotherlevs    Chronicle,    ex 

.    .    .   de    Catherine    de    Medicis,"  Blyth. 
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instigation  of  Robert  Carr,  Earl  of  Somerset,  and  his  notorious 
countess,  both  of  whom  were  tried  and  convicted  of  the  crime  in 
1616  and  condemned  to  death,  but  escaped  through  the  weak- 
ness of  James  I.,  although  their  humbler  instruments  were 
executed.^ 

In  Italy  and  France  during  the  latter  part  of  the  seventeenth 
and  the  beginning  of  the  eighteenth  century,  the  use  of  poison 
as  an  agent  of  secret  murder  became  so  common  as  to  warrant 
the  violation  of  the  secret  of  the  confessional  and  the  establish- 
ment of  special  tribunals.  During  the  pontificate  of  Alexander 
VII.,  in  1659,  the  clergy  of  Rome  informed  the  supreme  pontiff 
of  the  great  number  of  poisonings  revealed  to  them  in  the  con- 
fessions of  young  widows.  An  investigation  led  to  the  discov- 
ery of  a  secret  society,  which  met  at  the  house  of  Hieronyma 
Spara,  who,  in  return  for  "charitj^,"  dispensed  an  "acquetta" 
so  graduated  in  potency  as  to  cause  the  death  of  those  to 
whom  it  was  administered  within  the  period  of  time  desired. 
La  Spara  and  thirteen  of  her  companions  were  hanged,  a  large 
number  of  the  culprits  were  whipped  half-naked  through  the 
streets  of  Rome,  and  some  of  the  highest  rank  were  punished 
with  fines  and  banishment.  The  Pope  caused  the  papers  to  be 
brought  to  St.  Angelo  that  the  iniquitous  secret  should  not  be- 
come known.  At  about  the  same  time,  but  somewhat  later,  the 
still  more  notorious  Toffana  carried  on  a  similar  traffic  at  Naples, 
where  she  was  arrested  in  1709,  but  escaped  to  a  monastery, 
whence  she  continued  to  dispense  Manna  di  San  Nicola  di 
Bari,  until  she  was  again  apprehended  and  executed,  after 
having  caused  the  death  of  six  hundred  persons,  probably  in 
1719,  she  being  then  about  seventy  years  of  age.^  The  most 
fantastic  statements  have  been  made  concerning  the  nature  of 
the  poison  used  by  Spara  and  Toffana.     The  most  trustworthy 

'  Amos,  "The  Great  Oyer  of  Poi-  next  note)  Toffana  was  a  prisoner 

soning,"  Lond.,  1846.  in  Naples  at  least  as  late  as  171S. 

^  The  Spara  is  said  to  have  been  If  she   was  then   seventy  years  of 

the  pupil  of  Toffana,  as  both  were  age     she     could     only    have     been 

Sicilians.     If  there  was  any  relation  eleven   years   old    when    La   Spara 

between    them,     however,    it    was  was'  executed.     The    statement    of 

more     probably     the     reverse.     La  Keysler,  that   the  Toffana  was  still 

Spara  was  certainly  executed  dur-  alive  at  Naples  in  1730,  is,  if  true, 

iug    the    pontificate    of    Alexander  proof  positive  that  Toffana  was  the 

VII.,  probably  in  1659.     From  in-  successor  of  La  Spara  in  point  of 

ternal    evidence    in    the    letter    of  time. 
Gavelli  to  Hoffmann  (quoted  in  the 
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contemporaneous  evidence,  however,  is  that  it  was  an  aqueous 
solution  of  white  arsenic.^  The  statement  of  the  Abb6  Gagliani 
quoted  and  apparently  favored  by  Beckmann,^  that  it  was  a 
mixture  of  opium  and  cantharides,  is  not  consistent  with  the 
further  statement  of  the  Abb6  that  it  was  as  limpid  as  rock 
water  and  without  taste,  nor  with  that  of  Haller,^  that  it  was 
without  taste  or  odor.  The  absence  of  taste  and  odor  is  also  in- 
consistent with  the  supposition  that  it  was  a  putrid  product.  On 
the  other  hand,  an  aqueous  solution  of  arsenic  trioxid  is  odorless 
and  colorless  and  practically  tasteless. 

While  information  concerning  the  Spara  and  Toffana  poi- 
sonings is  only  to  be  found  in  fragmentary  references  of  an  un- 
official character,  the  record  of  the  contemporaneous  poisonings 
in  France  by  the  Marchioness  of  Brinvilliers  and  her  accom- 
plices and  imitators  is  quite  as  complete  as  in  most  cases  of  the 
present  day.     Indeed  what  would  correspond  to  our  "appeal 


'Halle  ("Gifthistorie,"  1787,  p. 
80)  says  that  it  was  prepared  by  ban- 
dits from  the  froth  of  the  mouths  of 
victims  tortured  to  death;  and 
Blyth  ("Poisons,"  p.  11),  after  stat- 
ing that  two  popes,  Pius  HI.  (ob- 
1503)  and  Clement  XIV.  (ob.  1775) 
between  whose  deaths  nearly  two 
hundred  and  seventy-two  years 
elapsed,  were  both  victims  of  Tof- 
fana, advances  the  theory  of  the 
formation  of  putrid  arsenical  de- 
rivatives, based  upon  alleged  facts 
for  which  we  can  find  no  authority. 
As  against  these  fables  we  have  the 
contemporaneous  statements  of 
Wepfer  and  Hoffmann:  Wepfer 
("De  Cicuta  aquatica,"  etc.,  Basil, 
1679,  p.  295)  says  that  J.  A.  Bartho- 
lin, of  Turin,  etc.,  had  recently 
told  him  that  the  poison  with  which 
certain  Roman  (female)  poisoners 
had,  under  the  impious  cloak  of 
religion,  caused  much  damage  and 
had  suffered  the  merited  punish- 
ment for  their  crimes  under  Alex- 
ander VII.  was  arsenical,  and  called 
by  them  "acquetta."  This  clearly 
refers  to  the  poisonings  of  La  Spara. 
Fr.  Hoffmann  ("Med.  rat.,"  ii.,  pr. 
ii.,  c.  12,  s.  xix.,  ed.  Genev.,  1753, 
p.  198),  after  referring  to  the 
poisonings  under  Alexander  VII., 
reproduces  this  letter  received  by 
him  from  Garelli,  the  physician  of 


the  Emperor:  "Your  elegant  disser- 
tation on  the  errors  concerning  poi- 
soning recalls  that  slow  poison  with 
which  a  famous  (female)  poisoner 
now  living  in  the  prisons  of  Naples 
used  fatally  in  six  hundred  cases. 
This  is  really  nothing  but  crystal- 
lized arsenic  dissolved  by  simple 
decoction  in  a  large  quantity  of 
water,  to  which  cymbellaria  is 
added,  with  what  object  I  know  not. 
This  was  communicated  to  me  by  the 
Emperor,  to  whom  the  minutes  of 
the  trial,  confirmed  by  the  confession 
of  the  poisoner,  were  transmitted. 
The  solution  was  known  commonly 
at  Naples  as  Aqua  della  Toffanina." 
The  dissertation  referred  to  in  the 
above  was  first  published  in  1718. 
Professor  Wegler,  of  Coblenz,  in 
1814,  said  that  he  had  in  his  pos- 
session a  bottle  of  the  original  Aqua 
Toffana,  which  was  cubical  in 
shape,  of  blue  glass,  with  the  letters 
S.N.  blown  in  the  glass,  hermetically 
sealed,  with  one  end  drawn  out  to  a 
point  and  the  other  bent  into  a 
hook,  and  filled  with  a  perfectly 
clear  and  transparent  liquid.  (Jahrb. 
d.  Staatsarznk.,  1814,  vii.,  425.) 

^"Hist.  Inventions,"  ed.  Bohn, 
1884,  i.,  47-63. 

^  Vorlesungen,  Bern,  1784,  ii., 
191. 
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books"  in  the  cases  of  the  Marchioness  and  one  of  her  accom- 
plices are  extant.^ 

In  1665  two  Italians,  one  named  Exili,  had  associated  them- 
selves with  a  German  apothecary,  named  Glazer,  in  the  manu- 
facture and  sale  of  poisons  at  Paris.  A  priest,  learning  of  the 
nefarious  traffic  through  the  confessional,  informed  the  govern- 
ment, and  the  two  Italians  were  lodged  in  the  Bastile,  where 
one  died.  Glazer  does  not  appear  to  have  been  under  suspicion 
at  that  time.  At  about  the  same  time  Gaudin  de  Sainte-Croix, 
a  captain  of  cavalry,  was  committed  to  the  Bastile  at  the  in- 
stance of  the  civil  lieutenant  Dreux  d'Aubray,  in  consequence 
of  an  intrigue  between  the  captain  and  the  daughter  of  d'Au- 
bray, the  Marchioness  of  Brinvilliers.  Exili  and  Sainte-Croix 
were  confined  in  the  same  room.  At  the  end  of  a  year  Sainte- 
Croix  was  liberated,  after  having  learned  the  secrets  of  Exili 
and  the  address  of  Glazer,  and  renewed  his  connection  with  the 
Brinvilliers.  Glazer  and  Sainte-Croix  manufactured  poisons 
with  which  the  Marchioness  poisoned  a  maid-servant,  her  father 
and  two  brothers,  and  attempted  to  poison  her  sister,  with  the 
aid  of  Sainte-Croix  and  of  his  valet,  Lachauss6e.  They  also  es- 
tablished a  commerce  in  poisons,  their  most  lucrative  client 
being  one  Reich  de  Penautier,  who  was  tried  for  poisoning  in 
1673.^  Both  Glazer  and  Sainte-Croix  fell  victims  of  their  own 
poisons.  The  apothecary  became  ill  and  died,  and  Sainte- 
Croix,  too  weak  to  leave  his  dwelling,  set  up  a  furnace  there 
and  was  found  dead  beside  it.^  After  the  death  of  Sainte-Croix 
the  authorities  seized  the  contents  of  his  laboratory,  among 
which  were  numerous  poisons:  corrosive  sublimate,  opium,  an- 
timony, lapis  infernalis;  and  papers  implicating  the  March- 
ioness and  Penautier.  Lachauss6e  was  seized  and  executed  in 
1673,  after  having  confessed  to  the  particulars  of  the  poisoning 
of  the  brothers  of  Brinvilliers.  The  Marchioness  escaped  to 
Belgium,  where  she  was  subsequently  captured,  brought  back 

'  "Factum  pour  Dame  Marie  Mag-  Croix,  pour  raison  des  empoisonne- 

delaine     d'Aubray,      Marquise     de  ments  des  Sieurs  d'Aubray,"   Am- 

Brinvilliers,   Accus^e,  contre  Dame  sterdam,  1676. 

Marie  Therese   Mangot,   veusve  du  ^  "Factum  contre   Maitre  Pierre- 

Sieur    d'Aubray,    Lieutenant    Civil,  Louis  Reich  de  Penautier." 

Accusa trice;    et    Monsieur    le    Pro-  'It  seems  highly  probable    that 

cureur-G^n6ral,"  Paris,  1676.      'Fac-  their  deaths  were  due  to   poisoning 

tum  du  Procez  extraordinairement  by  hydrogen  arsenid. 
fait  k  Lachauss^e,   Valet  de  Sainte 
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to  Paris,  tried  and  executed,  after  having  confessed  her  crimes, 
July  17th,  1676. 

The  execution  of  the  Brinvilliers  did  not  put  a  stop  to  the 
poisonings,  and  in  1679  a  special  commission,'  the  chambre 
ardente  or  chamhre  des  poisons,  was  appointed  to  try  cases  of 
alleged  poisoning,  and  sat,  first  at  the  Arsenal  and  afterward 
at  the  Bastile,  until  it  was  discontinued  in  1680.  Two  years 
later,  1682,  an  edict  for  the  punishment  of  poisoners  was  regis- 
tered in  the  Parliament.^  The  chambre  ardente  condemned 
two  fortune-tellers.  La  Voisin  and  La  Vigoureux,  who  sold 
poisons,  called  "succession  powders,"  which,  like  that  of  the 
Brinvilliers,  consisted  of  corrosive  sublimate.  La  Voisin  was 
burnt  alive  February  22d,  1680.  Two  priests,  named  Le  Sage 
and  Guibourg,  and  some  forty  other  persons  were  tried  by  the 
same  tribunal  on  charges  of  poisoning.  Among  those  arraigned 
before  this  tribunal  were  Franqois  Henri  de  Montmorenci,  duke 
of  Luxembourg;  the  Duchesse  de  Bouillon,  niece  of  Mazarin; 
the  Comtesse  de  Soissons,  mother  of  Prince  Eugene;  the  Com- 
tesses  de  Polignac  and  du  Roure;  the  Comte  de  Soissons  and  the 
Marquis  de  Feuquieres,  whose  prosecutions  were  probably  due 
to  the  political  machinations  of  Louvois  and  the  Montespan.^ 

La  Voisin  was  and  will  probably  remain  the  last  "poisoner 
for  hire"  in  a  civilized  community,*  as  in  the  present  era  of 
phosphorus  matches,  rat  poisons,  soothing  syrups,  and  indis- 
criminate embalming  such  a  traffic  would  not  be  lucrative.  If 
the  occupation  of  the  mercenary  poisoner  is  no  more,  it  is,  how- 
ever, because  the  principal,  since  the  beginning  of  the  eighteenth 

'  "Memoirs  sur  la  Bastille,"  Paris,  iv.,  376;  and  the  Factums  and  Me- 

1789,  i.,  116.  moirs  of  the  trials. 

2  Pitaval,    "  Causes   C^lSbres,"   i.,  « If  we  except  that  early  manufac- 

317.  turer  of  soothing  syrup,  whose  case 

^Concerning    the    poisonings    of  is   referred   to    by    Fod6r6    ("Med. 

this    period,    see:     Flandin,     "Poi-  Leg.,"    iv.,    20),    who    about    1770 

sons,"     Paris,     1846,     i.,     100-120;  "practised  baby  farming,"  and  who, 

Pitaval,     "Causes     C^l^bres,"     La  before  execution,  confessed  that  it 

Haye,    1746,   i.,   267-326;    Memoirs  was  her  practice  to  prepare  the  food 

.    .    .   sur  la  Bastille,  London,  1789,  of  the  infants  confided  to  her  with 

i.,  113,  115,  116,  12.5,  127,  136,  140,  a  decoction  of  poppies  in  place  of 

ui.,   306;  Anquetil,   "Louis  XIV.,"  ordinary  water;   "^ which  put  them 

Paris,  1819,  i.,  215;  Beckmann,  loc.  to  sleep  and  prevented  their  crying; 

cit.;     Dumas,     "Crimes   C616bres";  soon  they  did  not  eat  and  perished 

"Letters  de  Mad.  de  S6vign4,"  ed.  in  marasmus."     Concerning  profes- 

1726;  pp.   140,   143,    154,   158-161,  sional  poisoners     in    India    at    the 

168-170,    196-198;   "Lettres   histo-  present     time,    see     Irving:      Ind. 

riques    et    galantes    par    Mad.    de  Ann.   m.   Sc,   Calc.     1862-63     xv 

C /'  Cologne,  1709-11,  ii.,  101;  46,  1864,  s.    xvii.,  1. 
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century,  has  found  it  more  safe  and  economical  to  do  the  sinister 
work  himself — or  herself.  After  a  century  and  a  quarter,  dur- 
ing which  only  isolated  cases  are  reported,  and  during  which 
repeated  poisonings  by  the  same  criminal  were  uncommitted 
or  undetected,  the  theatre  of  such  crimes  was  transferred  to 
Germany.  In  1803  the  widow  Ursinus,  a  "FrauGeheimrilthinn," 
in  Berlin,  was  brought  to  trial  and  condemned  to  life  imprison- 
ment for  one  of  at  least  four  poisonings  of  which  she  was 
guilty.^  Soon  afterward,  September  17th,  1811,  Anna  Mar- 
garetha  Zwanziger  was  executed  in  Bavaria  to  expiate  the 
death  of  one  of  the  several  victims  of  her  sixty  or  seventy  at- 
tempts at  poisoning,  she  having  conceded  before  execution  that 
"her  death  would  be  a  benefit  to  mankind,  as  it  would  be  im- 
possible for  her  to  abstain  from  poisoning."^  On  April  20th, 
1831,  Gesche  Margaretha  Gottfried  was  executed  at  Bremen, 
having,  during  a  criminal  career  of  fifty  years  killed  forty  per- 
sons by  poison.^  The  imitativeness  of  poisoners,  so  frequently 
observed  at  the  present  time,  was  exemplified  in  the  case  of 
Gesche  Margaretha  Brockmann,  who,  having  read  Voget's  ac- 
count of  her  namesake's  career,  was  prompted  to  poison  her 
father,  brother,  sister,  and  child,  for  which  she  was  condemned 
to  life  imprisonment,  that  being  the  maximum  penalty  in  Olden- 
burg at  the  time.*  In  the  male  line  the  case  of  Dr.  Castaing 
in  France  may  be  cited,  he  having  been  executed  for  one 
murder  by  poison,  although  suspected  with  good  reason  of  thir- 
teen besides.*  These  were  the  worthy  precursors  of  Mary  Ann 
Cotton  (1873),  Maria  Katharina  Swanenburg  (1883),  Flannagan 
and  Higgins  (1884),  Pastre-Beaussier  (1886-88),  and  Sarah  Rob- 
inson (1889).  But  the  causes  cilebres  of  modern  times  will  be 
sufficiently  discussed  in  the  sequel. 

Previous  to  the  ninetenth  century  the  methods  for  the  de- 
tection of  poisoning  depended,  so  far  as  they  were  of  any  value, 
upon  the  circumstances  attending  the  administration.  Apart 
from  these  they  were  mere  superstitions,  modified  only  to  a 
slight  extent,  even  as  late  as  the  middle  of  the  eighteenth  cen- 

"  Hitzig  und  Haring,   "  Neue  Pi-      Gesche  Margarethe  Gottfried,"  Bre- 
taval,"  ii.,  161.  men,  1831. 

2  Op.  cit.,  ii.,  218-255.  "  Vrtjrschr.    f.    ger.    Med.,    1855, 

'  Op.    cit.,    ii.,    256-359;    Voget,      vii.,  300-335. 
"  Lebensgeschichte  der  Giftmorderin  '  "  Causes    Criminelles,"    Paris, 

1828,  iv.,  1-103. 
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tury,  by  the  more  extended  knowledge  of  post-morten  appear- 
ances in  the  cadaver  caused  by  disease,  which  followed  the  per- 
mission to  dissect  the  human  subject. 

It  was  believed  by  the  Romans  that  the  bodies  of  those  who 
were  poisoned  resisted  fire  better  than  those  of  persons  who  died 
from  natural  causes,  and  that  the  heart  particularly  was  incom- 
bustible. Thus  Phny'  tells  us  that  Vitellius,  in  his  oration  ac- 
cusing Piso  of  poisoning  Germanicus,  used  the  argument  that 
the  heart  of  the  deceased  could  not  be  cremated;  and  that  the 
defence  of  Piso  was  that  this  was  due  to  heart  disease.  Sueto- 
nius^ mentions  lividity  of  the  body  as  another  sign  of  poisoning. 

Lividity  of  the  surface  and  incombustibility  of  the  heart 
were  recognized  as  evidence  of  poisoning  even  to  the  eighteenth 
century;  and  Zacchias,  who  considers  the  former  a  reliable 
sign,  while  stating  his  belief  that  the  latter  is  fallacious,  con- 
cedes that  the  opposite  opinion  is  entertained  by  "that  very 
learned  man  Fortunius  Nattius.'" 

The  statements  of  Zacchias  afford  a  good  account  of  the  history  of 
this  question  up  to  his  time,  and  its  condition  at  the  time,  and  is  a  curi- 
ous combination  of  ancient  superstitions  and  glimmerings  of  future 
developments.  After  devoting  a  section*  to  substantiating  his  opinion 
that  poisons,  which  are  the  causes  of  certain  diseases,  may  be  generated 
in  the  body  as  well  as  introduced  from  without,*  he  discusses  in  three 
sections  (Qusest.  vi.,  vii.,  viii.)  the  signs  of  the  poisoning  and  the  means 
of  distinction  between  the  effects  of  those  introduced  from  without  and 
those  of  such  as  are  produced  in  the  body  (diseases) .  Different  poisons 
cause  different  signs.  It  cannot  be  determined  from  the  signs  alone 
whether  a  person  has  died  of  poison  from  without  or  from  within." 
But  if  we  consider  a  particular  case  and  make  use  of  certain  conditions 
and  conjectures,  as  well  as  of  the  signs,  we  may  attain  positive  indica- 
tion of  administered  poison.  We  may  have  positive  knowledge  that  a 
man  was  not  poisoned.     The  signs  of  poisoning  are  divided  into  ante- 

'  "Hist.  Nat.,"  xi.,  72.  name.     Probably  the  reference  is  to 

-  "Caligula,"  cap.  i.  the  work  of  Fortunatus  Fidelio  (see 

'The  reference  to  this  "Nattius"  vol.  i.,  p.  xv.). 

is  not  contained  in  the  edition  of  *  "  Quajst.  Med.  Leg.,"  lib.  ii.,  tit. 

Lips.,   1630,  but  is  found  in  those  ii.,  Q.  iv. 

of  Frankfurt,   1666  and   1688,   No-  '  See  "Causation." 

rimb.,  1726,  and  Venice,   1737  and  "  The  word  "  signs  "  (signa)  is  not 

1751.     We  have  not  seen  the  inter-  used  as  synonymous  with   "symp- 

mediate  editions  of  Amst.,  1651,  and  toms"    (symptomata) ,    but   includes 

Avignon,  1655,  1657,  and  1660.     We  these  as  well  as  post-mortem  appear- 

know  of  no  medical  writer  of  this  ances. 
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mortem  and  post-mortem.  The  former  are  derived  from  the  condition 
of  the  patient  at  the  time,  and  the  circumstances  of  the  attack.  Symp- 
toms arising  suddenly  in  a  healthy  person  are  indications  of  poisoning. 
But  various  natural  foods  are  poisonous  to  some  persons.  All  poisons 
have  an  offensive  and  abominable  odor  and  a  horrible  taste.  When 
poison  is  taken  the  gullet  is  wounded,  the  mouth  at  the  fauces  is  con- 
stricted, there  is  itching,  burning,  and  inflammation  in  the  mouth, 
etc.,  etc.  (an  account  of  the  symptoms  caused  by  corrosives  and  pow- 
erful irritants).  But  while  the  symptoms  of  poison  are  usually  sudden 
in  their  appearance,  they  may  be  long  delayed.  Of  the  post-mortem 
signs  the  most  valuable  is  the  lividity  of  the  body,'  the  hair  and  nails 
fall  off  easily  or  spontaneously,  and  the  latter  become  black  after 
death.  ^  The  cadavers  of  those  who  die  by  poison  are  not  eaten  by  wild 
beasts  or  birds.  The  occurrence  of  froth  at  the  mouth,  and  the  lack  of 
combustibility  of  the  heart  are  fallacious  signs.  Among  the  "less 
safe"  signs  are  ulcerations  (or  sphacelation)  of  the  mouth,  gullet, 
stomach,  and  intestines;  discolorations  and  coldness  of  the  internal 
organs;  and  coagulation  of  the  blood  in  and  around  the  heart. ^ 

Poisoning  from  without  may  be  distinguished  from  auto-intoxication 
by  the  lack  of  fever  and  the  occurrence  of  thirst  in  the  former.  The 
existence  of  contagion  points  away  from  poison  as  the  cause  of  death. 
Rapid  putrefaction  indicates  death  from  internal  poison,  as  the  bodies 
of  poisoned  persons  putrefy  with  difficulty.  The  occurrence  of  inter- 
missions indicates  disease.  Vomiting  caused  by  poison  is  persistent. 
The  matters  vomited  are  to  be  tested  by  administration  to  hens. 

It  is  not  astonishing  that  in  the  dawn  of  modern  chemistry 
Plenck  should,  in  discarding  these  ancient  superstitions,  have 
made  the  extreme  statement  that  the  only  certain  sign  of  poison- 
ing is  the  botanical  character  of  a  vegetable  poison  or  the  chem- 
ical identification  of  a  mineral  poison  found  in  the  body.* 

The  development  of  methods  of  medico-legal  recognition  of 
poisoning  to  the  point  which  it  has  reached  at  the  present  time, 

'  Maxime  in  considerations  habet  cadaveribus  observata  et  minus  tuta 

colorem    cadaveris    quern    primum  sunt,  et  noa  habent  fortasse  aliqua 

citrinum  apparere  dicit,   aut  subli-  eorum   omniumodam   veritatem. 

vidum;  post  unius  aut  vero  alterius  .    .    .   Tamen  in  cadaverum  dissec- 

horse    spatium    lividum    ac    nigrum  tione     pluries     id     ipsum     apparet, 

evaders  (Qusest.  vii.,  30).  absqus  so,   quod  vensno  fuent  ex- 

^  We  havs  known  an  allsged  toxi-  tincta  (Quaest.  vii.,  34-37). 

cological  sxpert,  in  the  year  of  our  ^"Elsmsnta    Med.    st    Chir.    fo- 

Lord  1895,  to  ssriously  inform  ths  rens.,"   Visnnae,   1781,  p.  36.     Uni- 

coronsr   that   hs   was   surs   that   a  cum  signum  certum  dati  veneni  est 

dsath  was  due  to  poison  because  the  notitia  botanica  invsnti  vsnsni  veg- 

nails  of  the  cadavsr  had  turned  blus.  etabilis,  st  analysis  chemica  invsnti 

^  Itaqus    signa    haec    hactenus   in  vsnsni  mineralis. 


28  TOXICOLOGY WITTHAUS. 

and  which  we  believe  to  be  still  far  short  of  what  it  will  attain 
in  the  future,  has  followed  the  advances  in  those  sciences  upon 
which  they  mainly  depend,  chemistry  and  pathology. 

Of  the  two  forms  of  post-mortem  investigation  of  poisoning, 
toxicological  chemistry  was  the  first  to  acquire  a  scientific  foun- 
dation, as  chemistry,  in  its  simpler  branches,  was  a  well-devel- 
oped science  half  a  century  before  the  dawn  of  modern  path- 
ology. As  mineral  chemistry  preceded  organic,  so  the  detection 
and  identification  of  mineral  poisons  became  possible  and  certain 
at  an  early  date,  while  chemical  proof  of  the  presence  of  at  least 
some  of  the  vegetable  and  organic  poisons  is  even  at  the  present 
time  unattainable  by  the  means  at  our  disposal. 

In  the  history  of  toxicological  chemistry  six  events  may  be 
cited  as  marking  important  stages  in  the  development  of  the 
science:  1st.  The  first  practical  application  of  the  previously  ob- 
served properties  of  hydrogen  arsenid  to  the  detection  of  arsenic 
by  James  M.  Marsh,  in  1836,'  whose  method,  in  a  greatly  modi- 
fied and  improved  form,  still  remains  the  most  delicate  and  re- 
liable test  for  arsenic.  2nd.  In  1839  Orfila  extracted  notable 
quantities  of  arsenic  from  the  liver,  spleen,  kidneys,  heart,  and 
muscle  of  the  assassin-suicide  Soufflard.  This  was  the  first  in- 
stance of  the  extraction  of  absorbed  arsenic  from  the  human 
cadaver,  previous  analyses  having  been  confined  to  the  alimen- 
tary canal. ^  3d.  In  1844^  Fresenius  and  von  Babo  devised  a 
scheme  for  the  sytematic  search  for  all  mineral  poisons,  which 

'  "Description  of  a  New  Process  length  arsenic  was  deposited  on  its 

of   Separating   Small   Quantities   of  walls  (J.  of  Nat.  Phil.,  Chem.,  etc., 

Arsenic  from  Substances  with  which  2  Ser.,  i.,  1802-3).     Seriillas  in  1821 

it  is   Mixed"    (Edinb.   New  Philos.  proposed  to  utilize  the  decomposi- 

J.,Oct.,  1836,  pp.  229-236).    Scheele  tion  of  the  compound  of  hydrogen 

had,  as  early  as   1775,   obtained  a  and  arsenic,  obtained  by  the  action 

gaseous   compound   from   zinc   and  of    water    on    an    alloy    of    arsenic, 

arsenic,  which  he  found  to  be  com-  antimony,  and  potassium,  to  detect 

bustible,    and    to    deposit    elemen-  small  quantities  of  arsenic  in  cases 

tary    arsenic  [arzenikkonig]   on  the  of  suspected  poisoning  (J.  d.  Phys., 

walls  of  the  vessel  in  which  it  was  etc.,  1821,  xcv.,  154).     Marsh  was, 

burnt    ("Phys.    u.    chem.    Werke,"  however,    the    first    to    make    the 

Berlin,  1793,  ii.,  136-137;  "Kongl.  reaction  practically  available,   and 

Svensk.    Vet.    Ak.    Handl,, "    1775,  to  suggest  a  simple  form  of  appar- 

XXX VI.,  265-294).     In  1803Tromms-  atus,  which  has  been  subsequently 

dorff  was  at  the  edge  of  the  dis-  greatly  perfected, 

covery    and    found    that    arsenical  ^  M^m.  Ac.  roy.  M^d.,  1840,  viii., 

hydrogen  was  evolved  by  the  action  376-422. 

of  dilute  sulfuric  acid  on  arsenical  '  Ann.  d.  Ch.  u.  Ph.,  1844,  xlix., 

zinc,   and   that   when   the   gas   was  308. 
passed  through  a  tube  of  sufficient 
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in  a  slightly  modified  form  is  still  the  best  method,  save  in  ex- 
ceptional cases  where  certain  poisons  may  be  left  out  of  consid- 
eration. 4th.  The  separation  of  the  vegetable  alkaloids  from 
medicinal  and  poisonous  plants,  beginning  with  the  investiga- 
tion of  opium  by  Serttirner  in  1805,  opened  up  a  new  field  in 
toxicology  as  in  materia  medica.  The  earliest  case  of  death 
from  the  administration  of  a  vegetable  alkaloid  was  that  of  C. 
Auguste  Ballet,  who  was  poisoned  at  St.  Claud  May  29th,  1823, 
by  his  relative  and  physician  Castaing,  who  was  convicted, 
mainly  on  moral  evidence,  and  executed.  5th.  In  connection 
with  the  investigation  of  the  cause  of  death  of  Gustave  Fou- 
gnies,  poisoned  by  his  brother-in-law,  the  Count  Bocarm6,  in 
1850,  by  the  forcible  administration  of  nicotin,  Stas  devised  a 
process  for  the  separation  of  alkaloidal  poisons  from  the  cadaver, 
which,-  in  a  more  or  less  modified  form,  is  that  still  in  use.' 
6th.  In  1874  Selmi  showed  that  the  substance,  supposed  upon 
an  insufficient  analj'sis  to  be  morphin,  which  had  been  ex- 
tracted from  the  cadaver  of  the  widow  Sonzogno,  of  Cremona, 
after  thirteen  clays'  burial,  was  really  not  mor2Dhin,  but  a  pu- 
trid product,  a  ptomain  or  cadaveric  alkaloid.^ 

The  history  of  the  development  of  the  pathology  of  poison- 
ing may  in  one  sense  be  said  to  be  that  of  pathology  itself, 
for  one  of  the  most  important  applications  of  pathology,  both 
gross  and  microscopic,  to  toxicology  is  in  the  determination  of 
the  existence  or  absence  of  so-called  natural  causes  of  death. 
So  far  as  positive  evidence  of  poisoning  from  post-mortem  ap- 
pearances is  concerned,  the  history  of  toxicological  pathology 
remains  to  be  made.  While  little  or  no  conclusive  evidence  of 
the  action  of  the  true  poisons  can  be  obtained  from  the  observa- 
tion of  gross  appearances,  there  is  good  reason  to  hope  that  the 
investigations  of  microscopic  changes  caused  by  the  action  of 
toxic  agents,  which  have  been  but  recently  begun,  may  in  the 
near  future  afford  the  means  of  solving  some  questions  which 
are  now  unanswerable. 

"  Bull.  Ac.  roy.  d.  m^d.  d.  Belg.,  ^  See   Ptomains,    in   the   division 

Bruxelles,  1851-52,  xi.,  202-312.  of  Special  Toxicology. 
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GENERAL  TOXICOLOGY. 

DEFINITION. 

Toxicology  is  the  science  of  poisons.  The  name  is  derived 
from  the  ancient  custom  of  anointing  the  points  of  arrows  with 
poison  {roiov  =  a  bow;  To|t/cds  =  of  or  for  a  bow).^  The  subject 
may  be  divided  into  medical  toxicology,  whose  object  is  the 
recognition,  prevention,  and  cure  of  all  forms  of  poisoning;  and 
forensic  toxicology,  whose  aim  is  the  detection  of  criminal  poison- 
ing. The  two  branches  overlap  to  a  certain  extent.  All  poisons 
are  of  medical  interest,  but  only  those  which  may  be  criminally 
used  are  of  forensic  interest.  On  the  other  hand,  the  physician 
has  little  to  do  with  toxicologlcal  chemistry,  which  is  of  the  first 
forensic  importance. 

No  substance  is  under  all  circumstances  deleterious.  The 
poisonous  quality  is  not  one  which  is  essential  and  necessary, 
but  one  which  is  manifested  only  under  certain  conditions. 
The  genus  "poison"  does  not  exist  as  a  class  apart.  Substances 
which  are  commonly  known  to  be  actively  deleterious  ma}',  in 
certain  forms  and  quantities  and  in  certain  conditions  of  the 
system,  act  as  remedies,  and  substances  which  are  in  daily  use 
as  medicines,  condiments,  or  foods  may  cause  poisoning  under 
certain  conditions.  It  has  been  said  that  "the  idea  'poison' 
cannot  be  circumscribed  and  that  consequently  its  definition  is 
impracticable."-  But  if  there  be  no  definition  possible  for  the 
term  "poison"  because  the  same  substance  may  under  different 
conditions  be  a  medicine  or  a  poison,  the  term  "medicine"  must 
be  equally  incapable  of  definition.  Yet  the  distinction  between 
the  poisonous  and  the  medicinal  action  is  most  simple,  and  is 
popularly  recognized  as  consisting  in  the  harmful  action  of  the 
former  and  the  beneficial  quality  of  the  latter. 

■  The  definition  of  toxicology  given  was  not  used  in  Greek  literature  in 

in  the  "  Century  Dictionary  "  is  too  that  meaning. 

narrow,    being    limited    to   medical  ^Lewin:    "  Lehrbuch    der   Tox.," 

toxicology.       The    word     To^mbv,    a  1SS5,  p.  4. 
poison,  there  given  in  the  derivation 
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If,  therefore,  a  definition  be  sought  which  shall  set  apart  a 
class  of  substances  called  poisons,  as  a  genus  is  differentiated 
in  a  classification  of  natural  history,  the  search  will  be  in  vain. 
It  is  with  the  poisonous  quality,  not  with  the  thing  which  ex- 
hibits it,  that  we  have  to  deal. 

In  defining  a  poison  we  have  to  express  the  quality  of  its 
action  and  the  method  by  which  such  action  is  produced,  in  so 
far  as  it  differs  from  the  methods  by  which  similar  results  may 
be  caused  by  agents  other  than  poisons. 

The  effect  of  the  poison  is  harmful  and  may  be  fatal.  The 
damage  caused  by  a  poison  is  due  neither  to  mechanical  action, 
as  with  a  bullet  or  club;  nor  to  direct  physical  action,  as  with  fire 
or  lightning;  nor  to  parasitic  growth,  as  by  trichina  or  tuberculo- 
sis; but  to  an  interior  action,  chemical  or  physico-chemical  in  its 
nature,  upon  some  tissue  or  fluid  of  the  body  whereby  the  compo- 
sition of  the  tissue  or  the  normal  chemical  changes  constituting 
life  are  modified  or  interfered  with.  Poisons,  like  medicines,  do 
not  act  until  after  they  have  entered  the  circulation. 

A  poison  is  a  substance  which,  being  in  solution  in,  or 
acting  chemically  upon,  the  blood  may  cause  death  or  serious 
bodily  harm. ^ 

In  order  that  a  substance  shall  be  considered  a  poison  within 
this  definition,  it  is  essential  that  it  act  after  or  by  reason  of  its 
presence  in  the  blood,  and  therefore  chemical  agents  which  may 
cause  death  or  injury  by  their  destructive  action  upon  the 
skin  or  stomach  do  not  come  within  it.  Such  substances  are 
"corrosives." 

A  corrosive  is  a  substance  capable  of  causing  death  or  injury 

'  The  following   definitions   more  adopted    by    Chapius,    "Precis    de 

or  less  closely  resemble  that  given  Tox.,"  2eme  ed.,  1888,  p.  25).     "A 

in  the  text:  "A  poison  is  a  substance  substance  may  be  called  a  poison  if 

which,     when    absorbed    into    the  it  is  capable  of  being  taken  into  any 

blood,  is  capable  of  seriously  affect-  living  organism,  and  causes  by  its 

ing    health    or   of    destroying   life"  own  inherent  chemical  nature  im- 

(Taylor:    "Poisons,"    3d    Am.    ed.,  pairment  or  destruction  of  function " 

1875,    p.    18).     "Poisons    are    sub-  (Blyth:  "Poisons,"  4th  ed.,  1906,  p. 

stances  which,  introduced  by  absorp-  23).     "Any    body    which,    in    con- 

tion     into     the     organism,      cause  sequence  of  its  local  chemico-dynam- 

structural  alterations  and  functional  ical  action,  and  particularly  of  its 

derangements   more   or   less   grave,  absorption,    causes    grave    or    fatal 

and   can   even,    when   their   action  accidents   is   considered   a   poison" 

reaches  a  high  degree  of  intensity,  (Galtier:   "Traits   du  Tox.,"    1855, 
cause  death,  or  at  least  put.  life  in    *  i.,  1.). 
danger"    (Vulpian,   quoted  and 
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by  its  chemical  action  upon  a  tissue  with  which  it  comes  in  direct 
contact. 

The  distinction  between  poisons  and  corrosives  is  in  the 
method  of  application  partly,  but  mainly  in  the  nature  of  the 
subsequent  effects.  Thus  belladonna  applied  to  the  skin  acts  as  a 
true  poison,  because  its  local  effects  are  insignificant  as  com- 
pared with  the  systemic  action  due  to  the  passage  of  atropin 
so  applied  into  the  blood.  Sulfuric  acid,  on  the  other  hand, 
when  applied  to  the  skin  may  be  absorbed  to  some  extent,  but 
the  destruction  of  cutaneous  tissue  is  the  principal  injury,  and 
resembles  that  caused  by  a  burn  or  a  scald. 

The  difference  between  poisons  and  corrosives  seems,  at  first 
sight,  hardly  to  warrant  their  separation  into  distinct  classes. 
Indeed,  many  of  the  older  toxicologists  and  some  of  recent  date 
expressly  include  the  corrosives  in  their  definitions  of  poisons.' 
Nevertheless,  the  difference  is  such  practically  that  it  must  be 
recognized.  A  person  pours  a  quantity  of  concentrated  sul- 
furic acid  into  the  mouth  of  a  child  or  of  a  sleeping  adult,  who 
swallows  a  portion,  and  dies  in  consequence  of  the  destruction  of 
the  stomach  caused  by  the  corrosive.  This  is  unquestionably  ad- 
ministration in  the  meaning  of  the  statute  (see- p.  57),  and  for 
legal  purposes  it  is  not  material  whether  the  acid  be  considered 
a  "poison"  or  a  "noxious  thing."  Two  workmen  in  a  chemical 
factory  quarrel,  and  one  throws  the  other  into  a  vat  of  sulfuric 
acid,  in  which  he  is  immersed  up  to  the  armpits.  The  victim 
dies  in  consequence  of  the  extensive  destruction  of  skin.  This 
is  certainly  not  administration  of  sulfuric  acid,  be  it  poison  or 
not,  and  neither  in  a  popular  nor  a  legal  sense  would  the  victim 
be  said  to  have  been  poisoned.  The  nature  of  the  action  of  sul- 
furic acid  in  the  two  cases  is  the  same,  the  only  difference  being 
in  the  organ  destroyed;  but  in  both  cases  the  application  is  di- 

■"  Venenum  est  quid,  quod  exigua  cally"  (Guy  and  Ferrier:  "Forens. 

mole   corpori   nostro   vel  ingestum,  Med.,"  6th  ed.,  1888,  p.  319).     The 

vel    externe    apphcatum,   morbum  following  also  include  "  outward  ap- 

gravem,     aut     mortem     causat"  plication"    in     their    definitions: 

(Planck:  "Elem.  Med.  et  Chir.  for-  Van  Hasselt:  "Handb.d.  Giftlehre," 

ens.,"    VienniE,    1781,   p.   32).     "A  1862,    p.     1.     Briand,    Chaud6    et 

poison  is  any  substance  or  matter  Bouis,    1880,    lOeme    ed.,    i.,    636. 

(sohd,    hquid,    or    gaseous)    which,  Mann:    "Forens.   Med.   and   Tox.," 

when  applied  to  the  body  outwardly,  1893,  p.  381.  Devergie:  "M6d.  Ug.," 

or  m  any  way  introduced  into  it,  can  1852,  36me  ed.,  iii.,  8.     Mata:  "Trat. 
destroy    hfe    by    its    own    inherent  *   de  Med.  y  Cir.  leg.,"  1875,  5ta  ed., 

quahties,   without   acting   mechani-  iv.,  145. 
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rect  and  the  action  is  different  from  that  of  the  true  poisons, 
which,  so  long  as  they  remain  in  contact  with  the  sldn  or  unab- 
sorbed  in  the  stomach  or  intestines,  are  inert. 

There  is  another  difference  between  the  action  of  corrosives 
and  that  of  poisons  not  included  in  the  definitions.  The  inten- 
sity of  the  action  of  the  corrosives  is  directly  proportionate  to 
the  degree  of  concentration  of  the  agent.  Dilute  hydrochloric 
acid  is  not  only  administered  medicinally,  but  is  a  normal  and 
necessary  constituent  of  the  gastric  secretion;  concentrated 
hydrochloric  acid  is  a  powerful  corrosive.  With  the  true  poi- 
sons the  degree  of  concentration  has  no  influence,  unless  it  be 
that,  within  certain  limits,  a  dilute  solution  may  be  more  rap- 
idly and  completely  absorbed  than  one  which  is  concentrated, 
and  may  consequently  act  more  rapidly.  The  intensity  of  the 
poisoning  depends  upon  the  amount  of  the  poison  which  enters 
the  blood. 

It  is  true  that  certain  agents,  such  as  oxalic  acid,  and  even 
the  mineral  acids,  are  both  corrosives  and  poisons,  but  with  these 
the  symptoms  of  corrosion  predominate  when  the  substance  is 
taken  in  a  'Solid  or  concentrated  form,  while  these  symptoms 
may  be  entirely  absent,  and  replaced  by  those  due  to  the  poison- 
ous action  of  the  acid  or  of  its  soluble  salts,  when  the  substance 
is  taken  in  dilute  solution  or  in  combination.  Moreover,  as 
most  poisons  are  also  medicines  under  other  conditions,  there 
is  no  reason  why  the  same  substance  may  not  be  considered 
as  included  in  the  two  classes  of  poisons  and  corrosives. 

But  while  the  expert  may  answer  the  question:  "What  is  a 
poison?"  the  question:  "Is  morphin  a  poison?"  cannot  be  an- 
swered by  "yes"  or  "no"  without  qualification.  A  quarter  of 
a  grain  of  morphin  administered  to  a  normal  infant  would  act 
as  a  poison,  and  might  cause  death  in  the  absence  of  treatment. 
The  same  quantity  of  the  same  drug  given  to  an  adult  not  ad- 
dicted to  its  use  would  produce  the  indicated  therapeutic  action, 
while  in  an  infant  or  adult  habituated  by  previous  medical  or 
toxicophagic  use  it  would  be  practically  inert. 

Although  all  reference  to  quantity  is  omitted  in  the  defini- 
tion, the  question  of  quantity  is  one  which  cannot  be  neglected 
in  determining  whether  the  substance  administered  in  a  given 
ca^e  is  or  is  not  a  "poison"  or  a  "noxious  thing."  In  the  pop- 
ular acceptation  no  substance  ie  a  poison  which  does  not  kill  in 
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small  doses — strychnin  and  prussic  acid  are  commonly  recog- 
nized as  poisons,  while  potassium  chlorate  and  common  salt  are 
not,  simply  because  small  quantities  of  the  former  may  cause 
death,  while  the  lethal  doses  of  the  latter  are  very  much  greater.* 
In  many  scientific  works  an  attempt  is  made  to  include  the  con- 
sideration of  quantity  in  the  definition  of  poisons^  by  the  inser- 
tion of  the  words  "in  small  quantity"  or  an  equivalent.  But 
as  the  quantity  varies  within  wide  limits,  not  only  with  different 
poisons,  but  with  the  same  poison  under  different  conditions, 
the  question  of  quantity,  although  of  great  importance  in  the 
consideration  of  each  individual  case,  cannot  be  regarded  in  the 
strict  limitations  of  a  definition. 

The  question  whether  the  substance  is  capable  of  producing 
deleterious  effects  in  the  dose  administered  must  be  consid- 
ered, whether  it  be  a  poison  or  a  "noxious  thing."  The  ruling 
of  Lord  Chief-Justice  Cockburn  in  Reg.  v.  Hennah  (Cornwall 
Lent  Ass.,  1877)  criticised  by  Taylor  and  by  Mann,^  is  un- 
doubtedly sound  in  so  far  as  he  held  that  "  unless  the  thing  was 
noxious  in  the  quantity  administered,  it  cannot  be  said  that 
there  has  been  a  noxious  thing  administered."  In  this  case 
the  defendant  attempted  to  administer  two  or  three  grains  of 
cantharides,  not  with  intent  to  murder,  to  "injure,  aggrieve, 
or  annoy"  (unless  the  object  of  exciting  erotic  feelings  come 
within  the  meaning  of  one  of  the  latter  terms),  and  hence,  it 
appearing  by  the  testimony  (whether  truly  or  not  is  not  here 
material)  that  this  quantity  of  cantharides  is  not  sufficient  to 
be  "noxious,"  the  Lord  Chief-Justice  very  properly  directed  an 
acquittal.  In  the  case  of  Peo.  v.  Burgess*  it  was  also  held  that 
in  order  to  sustain  conviction  for  assault  in  the  first  degree 
under  sec.  217,  2,  of  the  New  York  penal  code,=  it  must  be 
shown  that  the  life  of  the  person  was  endangered  b}-  adminis- 

1  We  may  infer  from  the  provisions  P.:   "Trat.   de   Med.   y   Cir.    leg.," 

of  Sec.  1743  of  the  criminal  law  of  1875,  5ta  ed.,  iv.,  145.     Schuchardt, 

New  York  that  a  substance  "liable  B.:  in  Maschka's  "Handb.  d.  ger. 

to    be   destructive  of  adult   human  Med., "  ii.,  7,  etc. 

life  in  quantities  of  sixty  grains  or  'Taylor:  "Med.  Jur.,"  11th  Am. 

less"   may  be   considered   to   be   a  ed.,  1892,  p.  74.     Mann:  "For  Med 

poison.     See  p.  59.  and  Tox., '' 1893,  p.  382. 

^Hofmann,  E.  R.  v.:  "Lehrb.  d.  M5  Hun,  157;  5  N.  Y.  Cr.  Rep., 

ger.  Med.,"  1891,  5te  Aufl.,  p.  612.  514. 

Ogston,  F.:  "Lect.  on  Med.  Jur.,"  =Sec.  240,  2  of  the  present  penal 

1878,  p.  568.     Devergie,  A.:  "M^d.  law  (1909). 
Ii5g.,"  1852,  36me  ed.,  iii.,  8.     Mata, 
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tering  poison.  Casper  and  Liman,  in  two  cases  of  administra- 
tion with  malicious  intent  of  phosphorus  and  of  sulfuric  acid  in 
extreme  dilution,  expressed  the  opinion  that  these  substances  in 
such  dilution  are  not  poisons  in  the  medical  or  scientific  sense, 
whatever  they  might  be  held  to  be  from  the  legal  point  of  view 
in  connection  with  the  intent  to  cause  injury.' 

It  is  quite  true  (as  stated  by  Taylor  and  by  Mann)  that  the 
ruling  in  Reg.  v.  Hennah  throws  great  responsibility  upon  the 
medical  witness,  and  further,  that  it  renders  a  quantitative  de- 
termination by  the  chemist  highly  desirable  when  it  is  possible, 
and  in  many  ways  increases  the  difficulty  by  proof.  Yet  the 
expression  of  Taylor  that  "  the  quantity  of  a  poison  willfully  ad- 
ministered ought  not  to  affect  the  culpability  of  the  person  ad- 
ministering it"  applies  solely  to  the  question  of  responsibility  for 
intent,  which  is  one  entirely  foreign  to  the  function  of  the 
medical  or  chemical  expert. 

It  remains  to  be  considered  whether  our  definition  excludes 
those  substances  which  are  not  properly  poisons.  A  recent 
French  definition  affords  an  excellent  text  upon  this  point. 
According  to  it,  "  a  poison  is  any  substance  which,  taken  into 
the  interior,  or  applied  to  the  exterior  of  the  bod}',  is  capable  of 
causing  death,  or  at  least  of  destroying  or  seriously  affecting 
health."^ 

Under  this  definition  not  only  are  corrosives  and  mechanical 
irritants,  such  as  pounded  glass,  poisons,  but  pathogenic  bacteria 
also.  The  case  of  a  person  who  died  in  consequence  of  the  lodg- 
ment of  a  cork  in  the  air  passages,  that  of  a  man  who  swallowed 
a  silver  fork,  and  all  cases  of  injury  from  "vitriol  throwing"  or 
immersion  in  caustic  liquids  are  cases  of  poisoning.  Indeed, 
under  a  strict  interpretation  of  the  words  "  applied  to  the  ex- 
terior," a  person  who  is  clubbed  to  death  or  sandbagged  must 
be  considered  as  poisoned.  In  a  case  communicated  to  me  by 
Dr.  E.  E.  W.  Given  air  was  apparently  a  poison  under  this  defini- 
tion. It  appears  that  the  deceased  was  ascending  a  ladder; 
the  defendant  who  was  immediately  behind  and  below  him,  hold- 
ing the  nozzle  of  a  hose  from  which  was  coming  compressed  air 

'  Casper-Liman:  "Handb.  d.  ger.  donner  la  mort,  ou  tout  au  moins  de 

Med., "  8te  Aufl.,  ii.,  361-367.  d^truire  ou  d'alt^rer  profond^ment 

^  Le  poison  est  toute   substance  la    sant6    (Lutaud,    A.:     "Man.    d. 

qui,  prise  a  I'int^rieur  on  appliqu^e  k  MM.  Ug.,"  1892,  5eme  ed.,  p.  454). 
I'  ext^rieur  du  corps,  est  capable  de 
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having  a  pressure  of  80  to  90  pounds,  and  that  the  defendant  put 
this  nozzle  against  the  boy's  "seat,"  the  boy  being  immediately 
distended  with  air,  and  dying  from  the  effects  of  such  disten- 
tion nine  hours  after  admission  to  the  hospital.  In  another 
similar  case  a  young  man  was  killed  at  the  Cooke  Locomotive 
Works  in  Paterson,  in  1902,  by  compressed  air  under  150  pounds 
pressure  injected  into  his  rectum  by  four  fellow-workmen;  while 
being  "hazed." 

In  the  biochemical  literature  of  the  present  day  the  term 
poison  (gift)  is  used  in  a  manner  which  is  misleading,  to  apply  to 
substances  such  as  sodium  chlorid,  in  pure  solutions  of  which  the 
life  of  isolated  organs  or  of  the  lower  animal  organisms  is  ex- 
tinguished, while  it  will  survive  in  solutions  of  the  same  salt  also 
containing  other  salts  likewise  necessary  to  life.  In  these  cases 
the  death  of  the  organ  or  organism  is  due  rather  to  deprivation  of 
a  material  essential  to  its  nutrition  than  to  a  toxic  action  of  one 
salt  which  may  be  antidoted  by  other  salts. 

If  we  consider  the  alimentary  canal  as  the  channel  of  en- 
trance to  the  economy,  we  may  divide  noxious  substances  into: 

(a)  Mechanical  or  Physical  Agents — e.g.,  sharp,  insoluble 
bodies,  such  as  pounded  glass/  boiling  water,  etc.; 

(b)  Corrosives,  substances  which  destroy  the  organs  with 
which  they  come  in  contact  by  virtue  of  their  chemical  action 
thereupon,  such  as  sulfuric  acid; 

(c)  Poisons,  which,  being  dissolved  in  the  blood,  act  either 
upon  it  or  upon  deeper-seated  organs  and  tissues; 

(d)  Bacteria,  which  enter  the  system  as  individual  organ- 
isms, whose  processes  of  nutrition  produce  disease  and  death  in 
their  host.  Although  the  bacteria  themselves  are  not  properly 
poisons,  their  products,  the  toxins  and  toxalbumins  are,  and  are 
included  in  our  definition. 

The  definitions  of  some  recent  Continental  writers  appear  to  us  to 
be  needlessly  diffuse,  and  yet  in  some  respects  deficient.     Thus  Robert:' 

"Poisons  are  substances,  some  inorganic,  some  organic,  either  pro- 
duced in  the  organism  or  introduced  from  without,  some  unorganized 
substances  pre-existent  in  nature,  which  from  their  chemical  nature, 

'  See  Lancet,  1899,   i.,  174.   Also  tion   is   a   modification   of   that  of 

Maschka's  case,  cited  on  p.  478.  Husemann     ("  Handb.     d.     Tox.," 

^"Leiirbuch  der  Intoxikationen,"  Berl.,   1862,  p.  2)  which  is  derived 

Stuttgart,   1893,  p.  9.     This  defini-  from  that  of  C.  P.  von  Falck 
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under  certain  circumstances  so  affect  any  organ  of  the  living  economy, 
that  the  health  or  relative  well-being  of  this  economy  is  thereby  tem- 
porarily or  permanently  prejudiced." 

The  definition  of  Vitah'  is  still  more  verbose: 

"All  substances  are  poisons  which,  by  their  nature  or  by  their  form 
of  combination  foreign  to  the  human  economy,  when  introduced  into 
it  or, applied  upon  it  in  whatever  manner,  in  certain  doses  even  to  the 
smallest,  and  without  therapeutic  indication,  are  capable  of  producing 
death  or  causing  more  or  less  severe  disturbances  of  health,  acting  on 
the  anatomical  elements  and  on  the  liquids  of  the  animal  economy,  and 
changing  the  normal  transformations  and  functions  of  that  organism." 

In  most  legislative  enactments  relating  to  poisoning,  either 
the  necessity  of  strict  definition  of  the  term  "poison"  is  avoided 
by  use  of  some  such  general  expression  as  "  other  noxious  things  " 
to  include  all  deleterious  agents  which  may  not  be  considered 
to  be  poisons;  or  the  act  itself  contains  a  definition,  as  in  the 
French  law,  sufficiently  broad  to  cover  all  possibly  harmful 
substances. 

In  the  Penal  Law  of  the  State  of  New  York  the  definitions  of  mur- 
der and  manslaughter^  consider  only  the  intent,  and  the  circumstances 
attending  the  homicide,  without  reference  to  the  material  agent,  except 
in  some  forms  of  manslaughter.  Thus  sees.  1050,  1052  refer  to  the  use 
of  "any  medicine,  drug,  or  substance,  or  any  instrument  or  other  means " 
for  the  procurement  of  abortion,  and  sec.  1052  fixes  the  liability  of  a 
physician  who  shall,  while  intoxicated,  administer  "a  poisonous  drug  or 
medicine  "  which  causes  the  death  of  the  person  to  whom  it  is  given. 
And,  even  if  death  do  not  result,  if  the  intoxicated  physician  endangers 
life  or  seriously  affects  health  by  the  administration  of  poison,  drug,  or 
medicine,  he  is  guilty  of  a  misdemeanor.^  In  cases  of  homicide,  therefore, 
in  this  State,  the  question  whether  the  instrument  of  death  is  or  is  not 
called  a  poison  is  in  no  way  material.  It  is  only  in  the  definitions  of  the 
different  degrees  of  assault  that  the  word  "  poison  "  is  used. 

Sec.  240.  A  person  who,  with  an  intent  to  kill  a  human  being  or  to 
commit  a  felony  upon  the  person  or  property  of  the  one  assaulted,  or 
of  another, 

1.  Assaults  another  with  .... 

2.  Administers  to,  or  causes  to  be  administered  to  or  taken  by 
another,  poison,  or  any  other  destructive  or  noxious  thing  so  as  to  en- 
danger the  life  of  such  other. 

Is  guilty  of  assault  in  the  first  degree. 

'  "Manuale  ^i  Chim.  tossicolog.,"  =  Sees.  1043-105a. 

Milano,  1893,  p.  6.  '  Sec.  1761. 
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Sec.  242.  A  person  who,  under  circumstances  not  amounting  to  the 
crime  specified  in  section  240: 

1.  With  intent  to  injure,  unlawfully  administers  to,  or  causes  to  be 
administered  to,  or  taken  by  another,  poison,  or  any  other  destructive 
or  noxious  thing,  or  any  drug  or  medicine  the  use  of  which  is  danger- 
ous to  life  or  health;  or,  2.  With  intent  thereby  to  enable  or  assist 
himself  or  any  other  person  to  commit  any  crime,  administers  to,  or 
causes  to  be  administered  to,  or  taken  by  another,  chloroform,  ether, 
laudanum,  or  any  other  intoxicating  narcotic  or  anaesthetic  agent;  or  .  .  . 

Is  guilty  of  assault  in  the  second  degree. 

In  other  sections  of  the  law,  however,  the  word  "poison"  is  used 
in  such  manner  that  a  strict  definition  of  its  meaning  is  necessary: 

Sec.  1760.  A  person  who  willfully  mingles  poison  with  any  food, 
drink,  or  medicine,  intended  or  prepared  for  the  use  of  human  beings, 
and  a  person  who  willfully  poisons  any  spring,  well,  or  reservoir  of 
water,  is  punishable.  .  .  . 

Sec.  1742,  1743  refer  to  the  sale  of  "poisons  or  poisonous  sub- 
stances "  by  apothecaries  or  druggists. 

The  English  law'  provides:  Sec.  11.  Whosoever  shall  administer,  or 
cause  to  be  administered  or  taken  by  any  person,  any  poison  or  other 
destructive  thing,  with  intent  to  commit  murder,  shall  be  guilty  of  felony. 

Sec.  23.  Whosoever  shall  unlawfully  and  maliciously  administer  to, 
or  cause  to  be  administered  to  or  taken  by  any  other  person,  anj'  poison 
or  other  destructive  thing,  so  as  thereby  to  endanger  the  life  of  such 
person,  or  so  as  thereby  to  inflict  upon  such  person  any  grievous  bodily 
harm,  shall  be  guilty  of  felony. 

Sec.  24.  Whosoever  shall  unlavs'fully  and  maliciously  administer  to, 
or  cause  to  be  administered  to  or  taken  by  any  other  person,  any  poison 
or  other  destructive  or  noxious  thing,  with  intent  to  injure,  aggrieve, 
or  annoy  such  person,  shall  be  guilty  of  a  misdemeanor. 

The  German  law,^  after  defining  and  fixing  the  penalties  for  the  dif- 
ferent degrees  of  murder  and  manslaughter,  sees.  211  to  222,  without 
reference  to  the  material  agent  used,  further  provides : 

Sec.  212.  He  who  intentionally  kills  a  human  being,  if  the  killing  has 
been  without  premeditation,  is  guilty  of  Todtschlag,'  punishable  by  not 
more  than  five  years  imprisonment. 

Sec.  229.  Whosoever  shall  intentignally  administer  to  another,  for 
the  purpose  of  injuring  his  health,  poison  or  other  substances  capable 
of  destroying  the-  health,  shall  be  punished  with  imprisonment  for  a 
term  of  ten  years  or  less. 

»  24  and  25  Vict.,  c.  100.  ^The  crime  of  Todtschlag  imder 

^  Strafgesetzb.     f.     d.     Deutsche  the  German  law  is  the  equivalent  of 

Keich        Casper-Schmidtmann  that  of  murder  in  the  second  degree 

Handb.  d.  ger.  Med.,"  1905,  i,  707.  under  the  Xew  York  law;  but  crimes 
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If  a  severe  bodily  injury  has  been  caused  by  the  administration,  the 
imprisonment  shall  be  for  not  less  than  five  years,  and  when  death  has 
been  caused,  it  shall  be  for  not  less  than  ten  years  or  for  life. 

The  Austrian  law'  (sec.  135)  recognizes  four  varieties  of  murder 
(Mord):  "1.  Assassination  (Meuchelmord),  which  is  accomplished  by 
poison  or  by  other  insidious  means;  2.  Murder  for  robbery  (Raub- 
mord)  .  .  .  ;  3.  Murder  by  procurement  (bestellte  Mord)  ...  4.  Or- 
dinary murder."  Administration  of  poison  by  force  is  ordinary  (ge- 
meine)  murder. 

Sec.  140.  When  the  act,  which  has  caused  the  death  of  a  human 
being,  was  performed,  not  with  the  intention  of  causing  death,  but  with 
other  inimical  intent,  the  crime  is  Todtschlag.^ 

The  French  law'  defines  poisoning  in  the  following  comprehensive 
terms:  "Poisoning  is  every  attempt  upon  the  life  of  a  person  by  -the 
action  of  substances  which  can  cause  death  more  or  less  rapidly,  in 
whatever  manner  these  substances  may  have  been  used  or  administered 
and  whatever  may  have  been  the  consequences."  * 

In  the  State  of  New  York,  and  probably  in  other  States  of 
the  Union,  no  restriction  or  supervision  is  placed  upon  the  use 
of  poisons  in  trades  or  manufactures.  In  Massachusetts,  in 
1891,  a  strenuous  effort  was  made  to  secure  the  passage  of  a  law 
regulating  the  use  of  arsenic  in  the  manufacture  of  wall  papers,^ 
but  the  opposition  of  parties  whose  pecuniary  interests  were  sup- 
posed to  be  affected  proved  successful  until  1900,  when  by  Chap. 
325  of  the  laws  of  that  year,  a  penalty  was  imposed  upon  the 
manufacture,  sale,  etc.,  of  any  dress  goods  or  articles  of  dress 
containing  more  than  1/100  grain,  or  paper  more  than  1/10  grain 
of  arsenic  per  square  yard  of  material.  The  sale  of  poisons  is  in 
a  measure  restricted.  The  provisions  in  the  Penal  Law  of  the 
State  of  New  York  referring  to  the  sale  of  poisons  are: 

Sec.  1743.  It  shall  be  unlawful  for  any  person  to  sell  at  retail  or 
furnish  any  of  the  poisons  mentioned  in  the  schedules  hereinafter  set 
forth,  without  affixing  or  causing  to  be  affixed,  to  the  bottle,  box,  vessel, 

coming  within  the  Austrian  defini-  also,    v.  Hofmann:     "Lehrb.  d.  gar. 

tion  of  the  same  term,  would  be  here  Med.,"  9te  Aufl.  (Kolisko),  258. 

punishable    as   murder  in  the   first  '  See  note  3,  p.  58. 

degree  if  the  "  other  inimical  intent "  '  Code  p6nal,  art.  310. 

constituted  a  felony,  but  otherwise  *  See    also     Briand,    Chaud6    et 

as  manslaughter.  Bouis:     "Manuel     de     m6d.     I^g.," 

'  Burgerhches  Gesetzbuch,   Straf-  lOeme  ed.,  i.,  624-635. 

gesetz    uber    Verbrechen,   etc.      See  '  See  Arsenical  Wall  Papers. 
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or  package,  a  label  containing  the  name  of  the  article  and  the  word 
"poison"  distinctly  shown,  with  the  name  and  place  of  business  of  the 
seller,  all  printed  in  red  ink,  together  with  the  name  of  such  poisons 
printed  or  written  thereupon  in  plain,  legible  characters,  which  schedules 
are  as  follows,  to  wit: 

Schedule  A.  Arsenic,  cyanide  of  potassium,  hydrocyanic  acid, 
cocaine,  morphine,  strychnia,  and  all  other  vegetable  poisonous  alka- 
loids and  their  salts,  oil  of  bitter  almonds,  containing  hydrocyanic  acid, 
opium  and  its  preparations,  except  paregoric  and  such  others  as  contain 
less  than  two  grains  of  opium  to  the  ounce. 

Schedule  B.  Aconite,  belladonna,  cantharides,  colchicum,  conium, 
cotton  root,  digitalis,  ergot,  hellebore,  henbane,  phytolacca,  strophanthus, 
oil  of  tanzy,  veratrum  viride  and  their  pharmaceutical  preparations, 
.  arsenical  solutions,  carbolic  acid,  chloral  hydrate,  chloroform,  corrosi^'e 
sublimate,  creosote,  croton  oil,  mineral  acids,  oxalic  acid,  paris  green, 
salts  of  lead,  salts  of  zinc,  white  hellebore,  or  any  drug,  chemical  or 
preparation,  which,  according  to  the  standard  works  on  medicine  or 
materia  medica,  is  liable  to  be  destructive  to  adult  human  life  in  quan- 
tities of  sixty  grains  or  less,  and  such  other  poisons  as  the  state  board  of 
pharmacy,  under  the  authority  given  to  it  by  the  public  health  law, 
may  from  time  to  time  add  to  either  of  said  schedules.  Every  person 
who  shall  dispose  of  or  sell  at  retail  or  furnish  any  poisons  included 
under  schedule  A  shall,  before  delivering  the  same,  make  or  cause  to  be 
made  an  entry  in  a  book  kept  for  that  purpose,  stating  the  date  of  sale, 
the  name  and  address  of  the  purchaser,  the  name  and  the  quantity  of 
the  poison,  the  purpose  for  which  it  is  represented  by  the  purchaser  to  be 
required  and  the  name  of  the  dispenser,  such  book  to  be  always  open  for 
inspection  by  the  proper  authorities,  and  to  be  preserved  for  at  least 
five  years  after  the  last  entry.  He  shall  not  deliver  any  of  the  said 
poisons  without  satisfying  himself  that  the  purchaser  is  aware  of  its 
poisonous  character  and  that  the  said  poison  is  to  be  used  for  a  legitimate 
purpose.  The  foregoing  portions  of  this  section  shall  not  apply  to  the 
dispensing  of  medicines  or  poisons  on  physicians'  prescriptions.  Whole- 
sale dealers  in  drugs,  medicines,  pharmaceutical  preparations  or  chem- 
icals shall  affix  or  cause  to  be  affixed  to  every  bottle,  box,  parcel,  or 
outer  enclosure  of  an  original  package  containing  any  of  the  articles 
enumerated  under  said  schedule  A,  a  suitable  label  or  brand  in  red  ink 
with  the  word  ''poison"  upon  it. 

Any  person  who  violates  any  of  the  provisions  of  this  section  shall 
be  guilty  of  a  misdemeanor.' 

Sec.  1745.  A  person  who,  except  on  the  written  or  verbal  order  of  a 

'For  abstracts  of  the  pharmacy      Lemberger: Amer. J.ofPharm.,1902, 
laws    of    tlie     several     states,     see       l.xxiv,  428. 
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physician,  refills  more  than  once  prescriptions  containing  opium,  mor- 
phine, or  preparations  of  either,  in  which  the  dose  of  opium  exceeds 
one-fourth  grain,  or  morphine  one-twentieth  grain,  is  guilty  of  a  mis- 
demeanor. 

Sec.   1746.  It  shall  be  unlawful  for  any  person  to  sell,  furnish  or 
dispose  of  alkaloid  cocaine  or  its  salts,  or  alpha  or  beta  eucaine  or  their 
salts  or  any  admixture  of  cocaine  or  eucaine,  except  upon  the  written 
prescription  of  a  duly  registered  physician,  which  prescription  shall  be 
retained  by  the  person  who  dispenses  the  same,  shall  be  filled  but  once 
and    of    which    no    copy    shall    be    taken    by    any    person;   except, 
however,  that  such  alkaloid  cocaine  or  its  salts,  and  alpha  and  beta 
eucaine  or  their  salts  may  lawfully  be  sold  at  wholesale  upon  the  written 
order  of  a  licensed  pharmacist  or  licensed  druggist,   duly  registered 
practicing  physician,  licensed  veterinarian  or  licensed  dentist  provided 
that  the  wholesale  dealer  shall  affix  or  cause  to  be  affixed  to  the  bottle, 
box,  vessel  or  package  containing  the  article  sold,  and  upon  the  outside 
wrapper  of  the  package  as  originally  put  up,  a  label  distinctly  display- 
ing the  name  and  quantity  of  cocaijie  or  its  salts,  alpha  or  beta  eucaine 
or  their  salts,  sold,  and  the  word  "poison"  with  the  name  and  place 
of  business  of  the  seller,  all  printed  in  red  ink;  and  provided  also  that 
the  wholesale  dealer  shall  before  delivering  any  of  the  articles  make  or 
cause  to  be  made  in  a  book  kept  for  the  purpose  an  entry  of  the  sale 
thereof  stating  the  date  of  the  sale,  the  quantity,  name  and  form  in 
which  sold,  the  name  and  address  of  the  purchaser,  and  the  name  of  the 
person  by  whom  the  entry  is  made;  and  the  said  book  shall  always 
be  open  for  inspection  by  the  proper  authorities  and  shall  be  preserved 
for  at  least  five  years  after  the  date  of  the  last  entry  made  therein; 
and  provided  also  that  any  manufacturer  may  sell  to  another  manu- 
facturer of  the  same  article,  or  to  a  wholesale  dealer  in  drugs,  or,  a 
wholesale  dealer  in  drugs  may  sell  to  a  manufacturer  of  the  same  article, 
or  to  another  wholesale  dealer  in  drugs,  alkaloid  cocaine  or  its  salts  or 
alpha  or  beta  eucaine  in  the  original  package.     Such  package  shall 
be  labelled  as  herein  provided  and  shall  be  securely  sealed.     Each  manu- 
facturer and  each  Wholesale  dealer  in  drugs  shall,  before  the  delivery 
or  at  the  time  of  the  receipt,  as  the  case  may  be,  of  any  such  drug, 
enter  or  cause  to  be  entered  in  a  book  to  be  kept  by  them  respectively 
for  that  purpose  a  record  of  the  purchase  and  sale  of  such  drug  stating 
the  date  of  purchase  and  the  name  and  address  of  the  person  from 
whom  purchased;  the  date  of  sale  and  the  name  and  address  of  the 
person  to  whom  sold ;  the  quantity,  name,  and  form  in  which  sold  and  a 
description  of  the  package  or  container  in  which  sold  and  how  sealed ; 
and  there  shall  also  be  entered  in  such  book  at  the  place  of  such  record 
a  statement  that  such  drug  was  sold  or  purchased,  as  the  case  may  be, 
in  the  original  package;  that  the  seals  thereon  were  undamaged  and 
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unbroken  and  the  labels  were  attached  thereto  as  herein  provided 
and  were  not  in  any  manner  defaced  or  damaged,  which  statement 
shall  be  signed  by  the  person  selling  such  drug  and  the  person 
purchasing  such  drug  in  the  books  herein  required  to  be  kept  by  them 
respectively. ' 

Any  person  who  violates  any  of  the  provisions  of  this  section  shall 
be  guilty  of  felony  punishable  by  imprisonment  of  not  more  than  one 
year  or  a  fine  of  not  more  than  one  thousand  dollars,  or  both.  ^ 

Sec.  1742  makes  omission  to  properly  label  drugs,  or  to  falsely 
label  them,  or  to  substitute  a  different  article  for  the  one  prescribed 
a  misdemeanor. 

Sec.  1747  makes  the  careless  distribution  of  drugs,  medicines,  or 
chemicals  a  misdemeanor. 

Sec.  1748  makes  the  adulteration  of  drugs,  or  the  sale  of  adulterated 
drugs  a  misdemeanor. 

While  the  druggist  may  not  sell  arsenic,  or  phosphorus,  or 
strychnin  without  the  formalities  prescribed,  "Rough  on  rats," 
which  contains  ninety-six  per  cent,  of  white  arsenic,  and  nu- 
merous other  rat  and  vermin  poisons  containing  large  propor- 
tions of  the  poisons  named  are  sold  without  question.  And, 
while  the  apothecary  may  not  refill  more  than  once  a  prescrip- 
tion in  which  the  dose  exceeds  one-twentieth  grain  of  morphin, 
he  may  sell  "soothing  syrups,"  which  contain  from  half  a  grain 
to  a  grain  to  the  ounce  ad  libitum. 

The  frequent  use  of  "knock-out  drops,"  saturated  solution  of 
chloral,  to  facilitate  the  commission  of  various  crimes  led  to  the 
enactment  of  the  following  law  by  the  New  York  legislature  in 
1897,  and  many  convictions  have  been  had  under  it: 

Sec.  1752.  1.  A  person,  other  than  a  duly  licensed  physician  or 
surgeon  engaged  in  the  lawful  practice  of  his  profession,  who  has  in  his 
possession  any  narcotic  or  anaesthetic  substance,  compound  or  prepara- 
tion, capable  of  producing  stupor  or  unconsciousness,  with  intent  to 
administer  the  same  or  cause  the  same  to  be  administered  to  another, 
without  the  latter's  consent,  unless  by  direction  of  a  duly  licensed 
physician,  is  guilty  of  a  felony,  punishable  by  imprisonment  in  the  state 
prison  for  not  more  than  ten  years. 

2.  The  possession  by  any  person,  other  than  as  exempted  in  the 
foregoing   subdivision,    of   any   narcotic   or   anaesthetic   substance   or 

'  See  also  L.,  1910,  ch.  131.  erly,  includes  opium,  morphin,  her- 

=  The  Maryland  Law,  which  went  oin,  chloral  hydrate,  or  any  salt  or 

into    effect    June,     1906,    contains  compound  thereof.     See  Magruder: 

similar   provisions   but,    very   prop-  Maryland  M.  J.,  1907,  1,  142 
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compound,  concealed  or  furtively  carried  on  the  person,  is  presumptive 
evidence  of  an  intent  to  administer  the  same  or  cause  the  same  to  be 
administered  in  violation  of  the  provisions  of  this  section. 

Sec.  82.  A  person  who  manufactures,  gives  or  sells  an  instrument, 
a  medicine  or  drug,  or  any  other  substance,  with  the  intent  that  the 
same  may  be  unlawfully  used  in  procuring  the  miscarriage  of  a  woman, 
is  guilty  of  a  felony. 

In  France,  Germany,  and  other  European  countries  the  sale  or 
use  of  poisonous  substances  by  manufacturers  and  others  as  vi^ell 
as  by  druggists  is  restricted  and  under  government  supervision.' 

Although  the  wording  of  statutes  treating  of  poisoning 
avoids  the  necessity  of  a  strict  definition  in  criminal  cases,  ex- 
cept in  the  instances  above  referred  to,  questions  arise  in  civil 
actions  in  which  the  lack  of  such  definition  has  proved  an  em- 
barrassment. Thus,  in  the  case  of  U.  S.  Mutual  Accident  Assoc. 
V.  Nora  Newman,^  payment  of  an  accident  insurance  policy 
containing  a  provision  in  which  the  company  excepted  from 
among  the  risks  against  which  it  insured  "voluntary  or  invol- 
untary taking  of  poison,  or  contact  with  any  poisonous  sub- 
stance" was  contested.  The  deceased,  James  E.  Newman,  had 
died  from  inhalation  of  illuminating  gas,  which  the  company 
claimed  was  a  "poisonous  substance."  The  case  was  decided 
adversely  to  the  company,  largely  upon  the  evidence  of  a  pro- 
fessor of  chemistry  in  a  Virginian  univeristy,  who  defined  a 
poison  as  "a  substance  which,  when  taken  into  the  body,  is 
capable  of  destroying  some  part  or  parts  of  the  body,  so  as  to 
leave  them  permanently  incapable  of  performing  their  func- 
tions"'^a  definition  under  which  the  case  of  the  man  who 
was  killed  at  the  Eddystone  lighthouse  by  melted  lead  dropping 
into  his  open  mouth,  and  in  whose  stomach  a  lump  of  lead 
weighing  nearly  eight  ounces  was  found,^  was  one  of  poison- 
ing; but  under  which,  if  the  person  recover,  hydrocyanic  acid 
is  not  a  poison.     In  consequence  of  this  decision,  which  we  be- 

'  See  Legrand  du  Saule,  Berryer  State  Bd.  of  Health,  Lun.  and  Char., 

et  Pouchet:   "Med.   I6g.   et  Tox.,"  Mass.,  1884,  256-264. 

1357-1361.  Dubrac:  "Jurisprudence  ^Insurance  Law  Jour.,  xvii.,  97. 

ni6d.  et  pharm.,"  2eme  ed.,   1893,  See  also  Paul  v.  Traveller's  Ins.  Co., 

412-460,      704.     Kornfeld:      "Ger.  N.  Y.  Rep.,  112,  472. 

Med.,"    1884,     162/.;   Pharm.    J.  '  Ins.  Law  Jour.,  Z.  c,  p.  104. 

and   Tr.,    1868-69,    n.   s.,   x.,    121-  ^  Spry:  Phil.  Trans.,  Lend.,  1756, 

128.     E.  S.  Wood:  Fifth  Ann.  Rep.  xlix.,  pt.  2,  477. 
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lieve  to  have  been  based  upon  an  improper  definition  of  the 
word  "poison,"  the  companies  have  subsequently  added  the 
words  "voluntary  or  involuntary  inhalation  of  any  gas,  vapor, 
or  anaesthetic  "  in  their  pohcies. 

CAUSATION  OF  POISONING. 

Poisonings  may  be  classified  either  with  reference  to  the 
origin  of  th«  toxic  agents  producing  them  or  according  to  the 
motive  or  lack  of  motive  attending  their  introduction  into  the 
system. 

With  reference  to  their  origin,  poisons  may  primarily  be  di- 
vided into  two  classes:  Those  which  originate  within  the  hu- 
man body  and  those  which  are  introduced  from  without. 

I.  Endogenous  Poisonings. — These  are  produced  either 
by  retention  in  the  system  of  a  poisonous  substance  normally 
produced  therein  and  constantly  excreted  therefrom  in  a  state  of 
health,  or  to  the  formation  within  the  body  of  a  pathogenic  poison. 

Poisoning  by  retention  is  caused  by  interference  with  any  of 
the  excretory  functions.  If  the  skin  be  varnished,  death  results 
from  arrest  of  the  excretory  function  of  the  perspiration.  When 
the  action  of  the  kidneys  is  seriously  interfered  with  by  or- 
ganic disease  or  by  mechanical  or  non-mechanical  suppres- 
sion, the  phenomena  of  uraemic  poisoning  are  soon  manifested, 
and  death  is  only  delayed  by  a  vicarious  action  of  the  skin  or 
intestines  for  a  limited  period.  The  well-known  effects  of 
asphyxia,  whether  mechanical  or  due  to  the  inhalation  of  an 
inert  though  irrespirable  gas,  are  due  in  part  to  deprivation  of 
oxygen,  but  also  to  accumulation  of  carbon  dioxid  in  the  blood. 
Although  in  obstruction  of  the  bowels  the  most  violent  symp- 
toms are  due  to  local  inflammatory  action,  the  reabsorption  of 
substances  such  as  skatole,  indole,  and  sulfur  compotinds,  usually 
discharged  with  the  alvine  dejections,  is  the  cause,  to  some  ex- 
tent, of  the  systemic  disturbances. 

Auto-intoxications  are  also  the  result,  not  of  interference 
with  elimination,  but  of  the  production  in  the  system  either  of 
some  normal  excretory  product  in  excessive  amount,  such  as 
oxalic  acid,  lactic  acid,  etc.,  or  of  substances  which,  probably 
not  produced  in  a  state  of  health,  are  endowed  with  more  ac- 
tively toxic  properties,  such  as  oxybutyric  acid.     It  is  probable 
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that  many,  if  not  all,  non-communicable  diseases  are  truly  auto- 
intoxications. 

Communicated  poisonings  are  caused  by  the  introduction 
into  the  system  of  an  organism  which  in  its  development  gen- 
erates poisonous  substances.  Several  pathogenic  bacteria  have 
already  been  shown  to  produce  definite  alkaloidal  or  protein 
poisons  (tetanin,  typhotoxin,  etc.),  or  toxins,  to  whose  action  the 
phenomena  of  the  corresponding  diseases  are  due. 

The  study  of  endogenous  poisoning  is  within  the  domain  of 
pathology.  Its  present  forensic  interest  is  relative  only,  and  is 
limited  to  the  recognition  of  resemblances  between  the  methods 
of  action  and  chemical  characters  of  members  of  two  classes 
of  poisons.  In  this  respect  the  subject  is  one  of  vital  impor- 
tance, particularly  with  regard  to  alkaloidal  poisonings. 

In  the  Panchenko-De  Lassy  case,  tried  in  Russia  in  1911,  a 
physician,  who  appears  to  have  followed  the  ancient  calling  of 
poisoner  for  hire,  and  his  "client"  were  convicted  of  a  murder  by 
hypodermic  injection  of  diphtheria  cultures.  A  physician  in 
Kansas  City,  Mo.,  convicted  of  a  murder  by  strychnin  in  1910, 
was  suspected  of  having  criminally  infected  other  members  of 
the  same  family  with  typhoid  germs.  In  such  cases  the  methods 
of  examination  of  medicine  and  chemistry  are  powerless  to  dis- 
tinguish between  the  effects  of  a  "natural"  infection  and  those 
of  a  criminal  act. 

XL  Exogenous  Poisonings  are  caused  by  the  introduc- 
tion into  the  system,  through  one  of  the  channels  of  absorp- 
tion to  be  mentioned  hereafter,  of  a  substance  possessing  the 
qualities  of  a  poison,  whether  it  be  organic  or  inorganic,  natu- 
ral or  synthetic,  animal,  vegetable,  or  mineral  in  its  origin. 

It  is  with  this  class  of  poisonings  that  forensic  toxicology 
has  directly  to  deal. 

With  reference  to  the  circumstances  attending  their  origin, 
poisonings  may  be  classified  for  convenience  of  comparison  into : 

I.  Homicidal.     II.  Suicidal.     III.  Accidental. 

Among  the  homicidal  cases  are  included  not  only  such  as 
have  been  pronounced  to  be  such  by  the  finding  of  a  trial  jury, 
but  all  which  have  been  the  subject  of  criminal  proceedings,  if 
intent  to  cause  death  has  been  alleged,  whatever  may  have  been 
the  result  of  the  trial. 

Murders  by  poison  have  been  accomplished  by  administration 
IV— 5 
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through  every  channel  of  entrance  into  the  circulation/  by  in- 
halation,^ by  the  alimentary  canal  from  either  end,^  by  the 
vagina/  by  the  ear/  by  hypodermic  injection/  and  by  the  use 
of  poisoned  weapons.'  In  some  cases  the  administration  has 
been  in  a  single  overwhelming  dose,  much  greater  than  is  neces- 
sary to  accomplish  the  object,^  in  others  in  repeated  minute  doses 
extending  over  long  periods  of  time,"  and  in  rare  instances  during 
forcible  restraint  of  the  victim.'"  When  the  administration 
is  by  the  mouth  one  would  suppose  that  a  tasteless  agent  would 
be  used,  but  the  numerous  murders  by  strychnin  and  by  the 
mineral  corrosives  demonstrate  that  a  strong  taste  of  the  poison 
does  not  constitute  a  valid  objection  to  the  theory  of  murder, 
nor  is  it  proof  that  the  case  was  one  of  suicide.  The  crime  of 
murder  by  poison  is  secret  in  essence,  and  requires  no  bodily 
strength,  although  craftiness  is  desirable  for  its  successful  com- 
mission without  punishment;  and  is  therefore  frequently  re- 
sorted to  by  women.''  It  has  in  a  few  instances  been  com- 
mitted or  attempted  by  lunatics.'^  Many  of  the  celebrated 
poisoners  have  been  physicians,'*  who  have  selected  this  means 
because  of  their  familiarity  with  and  easy  access  to  poisons. 
Repeated  poisonings  by  the  same  individual  still  occur,'*  al- 

'  We  know  of   no  mention  of  a  husband,  grandmother,  and  brother, 

modern  case  of  introduction  by  the  the  quantity  of  arsenic  found  in  the 

male  genitals.  cadavers  was  "ten  times  enough  to 

^  Maxwell  and  Patrick   cases,  pp.  cause  death." 

1146,  1147.  °  Pastr^-Beaussier  cases,   arsenic, 

^For  cases  of  rectal  introduction  p.    508.     Lesser:    Vrtljschr.  f.  ger. 

see  pp.  231,  431,  432,  637,  733.  Med.,"  1897,  3  F.,  xiv.,  305. 

*  See  p.  432.  ">  Bocarm6  case,  nicotin,  p.  1003; 

=  Nitric  acid,  p.  230.  Rogers  case,  chloroform,  p.  1146. 

"i  Brouardel    (Ann.    d'hyg.,    1901,  "  See  Friedreich's  Bl.  f.  ger.  Med., 

3  S.,  xlvi,  484)  states  that  a  physi-  1850,  i.,  65;  1853,  iii.,40;  1854,  iv.,  32, 

wan  m  England  poisoned   by  this  78;   Dupr^    and   Charpeutier:   Rev. 

method  of  administration  a  nephew  Neurol.,  1908,  xvi.,  893.    In  Prussia 

from  whom  he  expected  to  inherit.  in  the  years  1863-77,  67.7  per  cent. 

We  cannot  identify  this  case;  it  is  of  those  accused  of  poisoning  were 

not  that  of  Lamson  (p.  853)  in  which  women   (Falk:  "Lehrb.  d.  Tox.,"  p. 

aconitin    was    administered    in    a  18).     In  France,  during  the  years 

gelatin  capsule,  and  the  victim  was  1825-80,  70  per  cent,  of  the  criminal 

his  brother-in-law.  poisonings  were  by  women  (Vibert: 

'See    pp.    6,    17.     Lewin:    "Die  "Precis  de  Tox.,"  1890,  p.  2). 

Pfeilgifte,"   Berlin,   1894,  p.  7,  and  '^  Krafft-Ebing:    Friedreich's    Bl. 

passim.  f.  ger.  Med.,  1887,  xxxvii.,  186. 

"Aconitm,    p.    863;    Atropin,    p.  "Castaing   and    Buchanan,  mor- 

884.     In  the  Aff.  Galtier  (J.  dem^d.  phin,  pp.  950,  951;  Smethurst  and 

de   Bordeaux,   1904,  xxxiv,  830),  in  Pritchard,  antimony,  pp.  353,  354. 

which  a   woman  was  convicted   of  Palmer,  strychnin,  p.  1017. 

having   caused    the    deaths    of    her  "  Holmes,  Zanoli. 
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though  not  so  frequently  as  in  the  past.'     Only  about  30  per 
cent,  of  the  criminal  poisonings  occur  in  cities.^ 

The  motive  for  poisoning  has  included  all  of  those  which  have 
prompted  the  same  crime  by.  other  means;  although  the  desire 
for  a  change  in  sexual  relations  and  the  collection  of  life  insur- 
ance have  predominated  greatly.  Occasionally  nurses  who 
have  been  sexual  perverts  have  resorted  to  poisoning  for  the 
sake  of  the  gratification  afforded  by  the  sufferings  of  the  victim.^ 
One  criminal  in  the  seventeenth  century,  a  grave  digger,  re- 
sorted to  poisonings  to  further  his  business,  which  also  included 
stealing,  presumably  from  the  dead.*  In  France,  during  the  years 
1825-80,  43  per  cent,  of  the  criminal  poisonings  were  caused  by 
domestic  dissensions,  24  per  cent,  were  by  mothers  upon  young 
children,  10  per  cent,  due  to  adultery,  9  per  cent,  for  vengeance, 
9  per  cent,  due  to  cupidity,  and  5  per  cent,  to  unrequited  love.' 
Usually,  upon  a  trial  for  murder  by  any  means,  the  motive  con- 
stitutes an  important  element  of  the  proof,  as  bearing  upon  the 
questions  of  intent  and  premeditation;  yet  it  is  not  essential. ° 
In  the  case  of  State  v.  Emeline  and  Almon  Meeker,  in  Vermont, 
no  motive  was  even  suggested  by  the  prosecution,  yet  one  de- 
fendant was  convicted  and  the  other  plead  guilty.'  When  a 
jury  returns  a  verdict  of  murder  in  the  second  degree,  in  a  trial 
for  murder  by  poison,  it  is  one  of  compromise.  Intentional  kill- 
ing by  this  means  almost  necessarily  implies  premeditation  in 
the  obtaining  or  preparing  of  the  poison.  We  find  record  of 
but  one  instance  of  murder  by  poison  in  the  heat  of  passion: 
Proells^  states  that  Jesserich,  of  Berlin,  communicated  to  him 
orally  a  case  in  which  a  woman,  during  a  quarrel  with  her 
drunken  husband,  in  which  her  life  was  threatened,  seized  rat- 

'  See  pp.  21-25,  414,  note  1.  '  See  p.  202,  note  2. 
2  See  p.  75.  » Friedreich's  Bl.  f.  ger.  Med.,  1901, 
^  Jeanneret,     atropin,     p.      871.  lii.,    200.     Totschlag,      see    p.    58. 
Zimmerm-ann :     "Die     Wonne     des  Weimann   (Friedreich's    Bl.   f.   ger. 
Leides,"     Leipzig,     1885,     p.     Ill;  Med.,  1905,  Ivi.,  8)  refers  to  another 
Charpentier:  "Les  Empoisonneuses,"  case  of  like  nature  as  having  been  re- 
Paris,  1906,  passim.  ported  by  Taylor  (Seydeler's  transl., 
''Hausser:  "Arch.  f.Iir.  Anthrop.,"  ii.,   316).     In    this,    however,   there 
1906-1907,  xxvi.,  221,  transcript  from  was  no  intent  to  kill,  an  arsenical 
Pract.  Nov.  Imp.  Sax.  Rer.  Crim.,  green  having  been  used   to  color  a 
Bened.  Carpzov,  Wittemberg,  1646,  blancmange  in  the  belief  that  it  was 
1,  99.  extract  of  spinach.    The  defendants 
^  Vibert:  loc.  cit.  were     convicted     of     manslaughter 
°  See  cases  cited  in  Cook:  "Penal  (Reg.  v.  Franklin  and  Randall:  Tay- 
Law,"  1909,  p.  279.  lor:  "Poisons,"  3d  Am.  ed.,  338). 
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poison,  which  happened  to  be  at  hand,  and  put  it  into  her  hus- 
band's drink.  The  man  took  the  poison  and  died.  The  woman 
related  the  circumstances  herself,  and  was  convicted  of  "Tot- 
schlag."^  Sometimes  poison  intended  for  one  person  causes  the 
death  of  another.  When  this  occurs  the  killing  is  murder  in 
the  first  degree  under  par.  2,  sec.  1044  of  the  New  York  Criminal 
Law.^ 

The  greater  number  of  suicides  by  poison  are  women,  and 
among  men  those  having  ready  access  to  poisons  (druggists, 
physicians,  photographers,  etc.)  most  frequently  resort  to  this 
method  of  self-destruction.  With  most  of  the  well-known 
poisons  suicidal  cases  outnumber  the  accidental  or  homicidal, 
but  with  some,  such  as  tartar-emetic,  atropin,  etc.,  they  are  in  a 
small  minority.  The  selection  of  the  agent  used  is  influenced 
partly  by  accessibility;  potassium  C3'anid  by  photographers, 
mercuric  chlorid  by  hospital  nurses  and  attendants,  oxalic  acid 
and  matches  by  domestic  servants,  etc.;  and  partly  by  local 
causes,  the  origin  of  which  it  is  difficult  to  trace:  paris  green  in 
New  York,  phosphorus  in  France,  hydrochloric  acid  and  laud- 
anum in  England,  the  caustic  alkalies  in  Austro-Hungary. 

Suicides  generally  take  large  doses,  and,  therefore,  when  in  an 
alleged  homicidal  case  large  quantities  of  poison  are  found  in 
the  cadaver,  the  defense  usually  appeals  to  that  fact  in  support 
of  a  theory  of  suicide.  But  suicides  have  been  known  to  take 
small  and  repeated  doses,^  and  in  several  cases  of  unquestionable 
homicide  very  large  doses  have  been  administered.* 

Accidental  poisonings  are  all  such  as  occur  without  intent 
to  cause  death,  and  among  them  are  consequently  included  so- 
called  accidents,  due  to  criminal  negligence  or  ignorance,  which, 
strictly  speaking,  are  homicidal,  and  have  in  many  instances 
been  the  subject  of  trial  for  manslaughter.  Yet  the  origin  of 
such  a  case  more  closely  resembles  that  of  a  poisoning  in  which 
the  degree  of  negligence  has  been  less  than  one  in  which  there 
has  been  deliberate  intent  to  kill. 

Accidental  poisonings  may  be  subdivided  into: 

(a)  Industrial  poisonings,  which  are  the  natural  conse- 
quence of  contact  with  poisonous  substances  used  in  manufac- 

'See  note  3,  p.  .58.  iSee  pp.  863,  884,  and  Kratter: 

Case  of  Mrs.  Adams,  p.  743.  "Beitr.''  p.  3,  2.5313  ems.  of  arsenic 

=  Paterson:  Edinb.  M.  J.,  1857,  iii.,  trioxid  in  the  prim»  viae. 
395. 
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turing  processes,  such  as  poisoning  by  lead  among  the  hands  in 
white-lead  factories,  by  phosphorus  in  match  factories,  by  mer- 
cury among  mirror  silverers  and  thermometer  makers,  etc. 
Such  cases  come  more  within  the  domain  of  public  hygiene  than 
in  that  of  forensic  toxicology,  yet  they  may  be  of  legal  interest 
when  the  manufacturer  is  guilty  of  culpable  negligence  in  ex- 
posing his  workmen  to  unnecessary  and  avoidable  danger;  or  in 
cases  of  alleged  homicide  in  which  the  defense  seeks  to  account 
for  the  presence  of  the  poison  in  the  cadaver  by  attributing  to  it 
this  origin;  or  as  affording  an  opportunity  for  the  study  of 
chronic  poisoning,  which,  in  homicidal  cases,  may  be  produced 
by  the  repeated  administration  of  very  small  doses. 

(b)  Poisonings  prom  environment  arise  from  contact  with 
poisonous  substances  or  inhalation  of  poisoned  air,  not  as  a 
consequence  of  employment  in  a  particular  trade,  but  from 
the  use  of  materials  containing  toxic  agents.  Thus  arsenical 
poisoning,  usually  non-fatal  and  of  the  chronic  type,  may  be 
caused  by  wearing  clothing  colored  with  arsenical  dyes,  or  by 
inhabiting  rooms  the  walls  of  which  are  covered  with  arsenical 
paint  or  paper;  or  lead  poisoning  by  inhabiting  apartments 
freshly  painted  with  white  lead,  etc. 

(c)  Food  poisonings  are  the  result  of  eating  articles  of  food 
which  have  been  rendered  poisonous  either  by  the  unintentional 
or  fraudulent  admixture  of  mineral  poisons,  or  by  the  genera- 
tion in  them  of  putrid  poisons.  Such  cases  are  of  frequent  oc- 
currence, and  in  them  usually  a  number  of  persons  are  attacked 
at  the  same  time,  sometimes  an  entire  family  and  sometimes 
hundreds  of  persons  in  a  community.  As  instances  of  this  class 
of  poisoning  the  Bradford  lozenge  cases,  in  which  two  hundred 
persons  were  poisoned,  and  the  Hyeres  poisonings,  in  which 
over  four  hundred  persons  suffered;  in  both  instances,  in  conse- 
quence of  arsenic  being  used  in  mistake  for  plaster  of  Paris, 
which  was  intended  to  be  used  as  an  adulterant;  also  the  con- 
stantly recurring  poisonings  by  lead  and  copper,  fraudulently  or 
negligently  mixed  with  food,  and  the  numerous  cases  of  cheese, 
sausage,  ice-cream,  fish,  and  meat  poisonings. 

(d)  Medicinal  poisonings  are  unfortunately  of  frequent  oc- 
currence and  are  not  seldom  the  subjects  of  suits  for  malpractice, 
or  of  prosecutions  for  manslaughter.  For  their  occurrence  either 
the  physician,  the  pharmacist,  or  the  empiric    is   responsible. 
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The  first  in  many  instances  is  excusable,  as  when  a  patient  dies 
from  the  effects  of  chloroform  administered  as  an  anaesthetic 
with  every  possible  precaution,  or  when  a  person  manifests  an 
unusual  susceptibility  to  the  action  of  a  drug,  administered  in 
doses  usually  perfectly  safe.  But  cases  of  severe  poisoning  and 
even  of  death  from  the  effects  of  powerful  drugs  administered 
by  physicians  in  heroic  doses,  either  through  ignorance,  fool- 
hardiness,  or  mistake,  are  by  no  means  rare.  For  poisonings 
caused  by  errors  in  writing  prescriptions,  the  pharmacist  is  as 
much  to  blame  as  the  physician.  For  the  pharmacist's  error  of 
mistaking  one  bottle  for  another  in  compounding  a  prescription 
there  is  no  more  excuse  than  for  him  who  pleads  that  he  did  not 
know  the  gun  was  loaded.  For  the  recurrence  of  poisonings 
caused  by  the  administration  or  application  of  powerful  reme- 
dies by  incompetent  and  ignorant  persons,  and  for  the  wholesale 
destruction  of  infant  life  by  opiates  in  proprietary  nostrums,  a 
community  which  permits  the  one  to  practise  or  the  other  to  be 
sold  has  itself  to  blame. 

(e)  Other  criminal  poisonings  without  intent  to  kill 
arise  from  the  administration  or  taking  of  drugs  which  have  or 
are  presumed  to  have  abortifacient  properties  to  or  by  a  preg- 
nant woman;'  or  for  the  purpose  of  facilitating  the  commission 
of  another  crime,  as  by  the  administration  of  chloral,  dhatura, 
etc.,  to  permit  the  accomplishment  of  robbery  or  rape;  or  to  pre- 
vent pilfering,  as  by  mixing  tartar  emetic  with  whiskey;  or  from 
mere  malice,  as  by  purposely  discharging  chlorin  gas  into  an  in- 
habited apartment. 

While  sec.  82  of  the  New  York  Criminal  Law  makes  the  selling 
of  instruments  or  drugs  to  procure  a  miscarriage  a  felony,  sec.  80 
does  not  specifically  declare  the  crime  of  procurement  of  abortion 
itself  to  be  such,  yet,  as  this  crime  is  punishable  by  imprisonment 
in  a  state  prison,  it  is  constructively  a  felony,^  therefore  if  the 
woman  die  as  a  consequence  of  the  act,  another  person  who  had 
procured  the  abortion  might  be  convicted  of  murder  in  the  first 
degree  under  sec.  1044.  The  same  would  apply  if  the  poison  or 
•  drug    were    administered    to    facihtate   the   commission   of    a 

'  For  a   comprehensive    consider-  ischr.    f.     ger.    Med.,    1905,    3   F., 

ation  of  the  poisons  used  for   this  Suph.  43. 

purpose  see   Lewin    and    Brenning:  =  See     Cook:     "Criminal     Law," 

"DieFruchtabtreibungdurch  Gifte,"  1909,  p.  3. 
etc.,    Berhn,    1899;    Hedron:    Vrtl- 
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robbery  or  a  rape,  if  the  death  of  the  victim  result  from  the 
administration. 

The  willful  poisoning  of  animals,  a  misdemeanor  under  sees. 
190,  191  of  the  New  York  Penal  Law,  may  be  classified  here. 

From  the  medical  point  of  view  poisonings  are  classified  into 
acute  and  chronic.  Acute  cases  result  from  single  large  doses, 
and  proceed  rapidly  with  violent  symptoms.  They  are  desig- 
nated as  peracufe  when  of  very  short  duration  and  extreme 
violence ;  and  as  subacute  when  symptoms  of  the  chronic  type 
are  also  manifested.  Chronic  cases  usually,  though  not  neces- 
sarily, result  from  repeated  and  continuous  absorption  of  small 
quantities  of  poison,  and  the  symptoms  which  are  manifested 
are  different  in  character  from  those  observed  in  the  acute  type. 

STATISTICS  OF  POISONING. 

Statistics  of  cases  of  poisoning  can  at  best  be  but  fragmen- 
tary and  incomplete,  as  in  all  countries  the  great  majority  of 
non-fatal  accidental  and  medical  poisonings  escape  record  en- 
tirely, while  in  such  records  of  vital  statistics  as  are  officially 
kept,  particularly  in  the  United  States,  either  the  nature  of  the 
poison  is  not  determined  with  sufficient  accuracy,  or  all  cases 
are  classed  under  the  general  head  -of  poisoning.  Confessedly 
such  records  take  notice  only  of  fatal  cases.  The  legal  reports 
refer  only  to  the  very  small  fraction  of  cases  in  which  convic- 
tion of  criminal  poisoning  is  followed  by  appeal. 

The  medical,  pharmaceutical,  and  chemical  journals  contain 
reference  only  to  such  cases  as  present  points  of  novelty  or  of 
exceptional  scientific  interest,  and  consequently  indicate  a  pre- 
ponderance of  certain  forms  of  poisoning  over  others  which  is 
misleading.  Kobert'  gives  the  following  table  showing  the 
number  of  cases  referred  to  in  the  medical  journals  during  the 
years  1880-89. 

In  this  table  the  large  number  of  food  poisonings  indicates 
the  interest  in  that  subject  then  taken  by  the  medical  profession, 
and  the  two  hundred  and  seventy-three  cases  of  lead  poisoning 
are  probably,  with  very  few  exceptions,  cases  of  chronic  poison- 
ing having  hygienic  interest,  but  of  little  forensic  importance. 

I  "Intoxikationen,"  1st  Ed.,  1893,  p.  32. 
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1880 


1881 


1882  1883 


1884 


I 
188511886 


1887 


1888 


1889 


1880 
-89 


Poisonous  foods .  . . 

Bromin  and  com- 
pounds   

Potassium  iodid .  . . 

Cantharidin 

Rhus  toxicoden- 
dron      

Iodoform 

Phenol     

Lead      

Mercury 

Arsenic    

Tobacco 

Santonin 

Soda  and  salicylic 
acid    

Quinin,  etc 

Caffein     

Camphor     

Cannabis  indica .  .  . 

Hyoscin,  etc 

Stramonium 

Aconitin    

Atropin 

Strychnin    ....... 

Chloral  hydrate    .  . 

Alcohol    

Cocain   

Opium     

Morphin 


16 

4 
4 
4 


2 
25 
21 

6 
32 

1 

2 

1 
3 

1 
1 
1 
3 

9 
8 

17 
9 

10 

12 
11 


12 

2 
1 
4 

2 

2 
28 
23 

3 
19 

1 


5 
2 
23 
15 
2 
3 

22 
11 


15 

2 
2 
3 

2 
20 
17 
26 

9 
16 


2 

4 
12 
12 
9 
5 
4 

21 
21 


15 

27 

2 

3 

1 

3 

2 

4 

11 

5 

24 

20  ! 

32 

27 

6 

38 

17 
4 


3 
1 

2 

3 

3 

2 

6 

7 

12 

13 

7 

17 

17 
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1 
7 
5 

4 
16 
19 


14 


11 

26 

2 

1 

4 

7 

1 

1 

2 

4 

4 

11 

13 

16 

36 

20 

28 

14 

11 

12 

5 

2 

1 

2 

4 

4 

2 

3 

4 

1 

4 

3 

1 

1 

4 

3 

5 

3 

17 

14 

9 

6 

2 

1 

9 

9 

11 

24 

17 

13 

IS 

17 

32 

25 

3 

1 

4 

2 

2 

1 

5 

1 

9 

2 

15 

11 

31 

27 

17 

21 

18 

15 

4 
2 

2 
2 

3 

4 

1 

1 

5 

11 

7 

5 

16 

23 

9 


21 

4 
3 
1 

3 
10 
10 
30 
23 
26 
3 
3 


2  I     2 

8  ;    6 

1  4 

1  1 


1 

4 

5 

10 

7 

2 

18 

28 

11 

10 


6 
1 
3 

8 
14 

1 
26 
23 
12 
17 


200 

24 
31 
19 

23 

76 

179 

273 

165 

191 

34 

16 

23 

34 

13 

18 

22 

20 

31 

55 

131 

116 

42 

115 

114 

148 

184 


That  medical  literature  affords  no  adequate  information  upon 
this  subject  is  evidenced  by  the  results  of  an  attempt  which 
we  have  made  to  determine  the  number  and  character  of  accu- 
sations of  murder,  manslaughter,  and  assault  by  poisoning  in 
the  State  of  New  York  during  the  fifteen  years  1879-93.  Ac- 
counts in  the  public  press,  verified  and  amplified  by  inquiry  of 
the  district  attorneys  of  the  several  counties,  and  by  examina- 
tion of  the  county  records,  show  that  sixty-four  such  accusations 
were  made  during  that  period  in  twenty-four  counties  (pop. 
4,026,278);  of  which  twenty-one  were  bj-  arsenic,  eleven  by 
Paris  green,  eight  by  opiates,  two  each  by  corrosive  sublimate, 
strychnin,  and  potassium  cyanid,  and  one  each  by  cupric  sul- 
fate, carbolic  acid,  chlorid  of  lime,  oxalic  acid,  and  lauda- 
num. In  thirteen  the  nature  of  the  poison  was  insufficientlv 
determined.  Of  these  sixty-four  cases  there  are  but  three  to 
which  we  have  found  any  reference  in  medical  literature. 
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The  statistics  of  fatal,  accidental,  and  suicidal  cases  are  some- 
what more  satisfactory,  although  it  is  probable  that  a  large  pro- 
portion of  so-called  "  accidental"  poisonings  are  classified  among 
the  deaths  from  natural  causes,  and  the  nature  of  the  poison  in 
suicidal  cases  is  frequently  determined  by  the  "guess"  of  the 
coroner's  physician.  Such  statistics  are  of  value,  however,  to 
indicate  the  influence  of  locality  upon  the  kind  of  poison  most 
frequently  causing  death  and  most  frequently  used  by  suicides. 
The  following  table,  compiled  from  the  returns  of  the  coroners 
of  the  county  of  New  York,  may  be  divided  into  three  periods: 
1841-43,  1866-80,  1889-92. 

The  most  noticeable  features  of  these  statistics  are:  1st. 
The  large  number  of  poisonings  by  illuminating  gas  in  the  last 
period.  The  large  predominance  of  accidental  over  suicidal 
deaths  by  this  agent  is  due  to  the  fact  that  only  those  cases  in 
which  the  suicidal  intent  was  obvious  are  classified  as  suicides. 
At  the  present  time  illuminating  gas  probably  causes  more 
deaths  in  this  city  than  any  other  poison.  2d.  The  large 
number  of  poisonings  by  "Paris  green."  During  the  period 
1866-80  morphin  and  the  preparations  of  opium  caused  251 
deaths  and  Paris  green  238;  while  in  1889-92  the  opiates  were 
fatal  in  75  cases  and  Paris  green  in  86.^  The  predominance  of 
Paris-green  poisoning  is  peculiar  to  the  United  States,  where  it 
is  traceable  to  the  very  general  use  of  that  dangerous  agent  for 
the  destruction  of  vermin.  In  England,  poisonings  by  the 
opiates,  by  the  cyanic  poisons,  and  by  the  mineral  acids  out- 
number those  by  arsenic.  In  France  at  the  present  time  phos- 
phorus is  the  agent  most  frequently  employed  in  criminal 
poisoning,"  and  the  number  of  illicit  administrations  of  the  salts 
of  copper  and  of  cantharides  is  much  greater  than  in  other 
countries,  while  crimes  in  which  the  cyanic  poisons  and  the 
opiates  are  used  are  of  very  infrequent  occurrence.  In  Germany 
and  Austria,  on  the  other  hand,  poisonings  by  the  cyanics  are 
only  exceeded  in  number  by  those  by  illuminating  gas  and  the 
mineral  acids.  In  the  latter  country  the  mineral  alkalies  are 
more  frequently  the  cause  of  death  than  elsewhere.  In  Finland 
carbon  monoxid,  strychnin,  and  the  mineral  acids  are  the  poisons 
most  frequently  used.  In  India  poisonings  by  arsenic  still 
maintain  the  predominance  which  they  formerly  had  in  Europe, 
'  See  Arsenical  Greens.  ^  Tardieu:  "Empois.,"  1S75,  p.  167. 
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but  are  very  nearly  equalled,  and  in  some  districts  surpassed, 
by  the  use  of  the  opiates.  In  India  also  poisonings  by  mer- 
curials, aconite,  and  dhatura  are  more  often  met  with  than  in 
Europe  or  America.  The  table  on  page  76,  compiled  from 
various  sources,  indicates  the  relative  number  of  poisonings  by 
the  commoner  poisons  in  various  countries: 

In  the  United  States  the  apparent  rarity  of  crimes  by  poison 
in  large  cities  is  a  subject  for  serious  reflection.  In  the  city  of 
New  York  during  the  past  sixty  years  there  have  been  but  nine 
trials  for  murder  by  poison,  five  of  which  resulted  in  the  con- 
viction of  murder  in  the  first  degree,'  one  in  the  second  degree,^ 
and  three  in  acquittal.^  During  the  same  period  there  was  one 
conviction  for  manslaughter*  and  two  for  assault  in  the  first  de- 
gree,^ and  two  cases  of  murder  and  suicide.^  In  three  of  the 
five  cases  of  murder  by  poison  which  (after  an  interval  of  twenty 
years,  during  which  no  similar  cause  was  tried)  have  been  the 
subject  of  trial  since  1892,  the  body  of  the  deceased  was  buried 
upon  the  certificate  of  a  physician  in  two  instances,  and  after 
an  entirely  insufficient  investigation  by  the  coroner  in  the  third ; 
and  it  was  only  after  periods  of  43,  53,  and  98  days  that,  at  the 
instance  or  suggestion  of  unofficial  persons,  the  bodies  were 
exhumed  and  submitted  to  proper  examination.  In  the  two 
most  recent  cases  official  investigation  followed  promptly  upon 
the  death.  There  is  little  room  to  doubt  that  the  more  frequent 
occurrence  of  trials  for  poisoning  in  rural  communities  has  been 
due  rather  to  the  greater  detective  efficacy  of  public  rumor 
among  these  than  to  exceptional  rarity  of  crimes  of  this  nature 
in  large  cities  of  such  heterogeneous  population  as  New  York. 

The  inadequacy  of  our  present  police  and  legal  machinery  to 
the  prevention  and  detection  of  secret  poisoning  is  further  shown 
by  the  occasional  detection  of  a  murder  by  poison  constituting 
the  last  of  a  series  of  similar  crimes,  escape  from  the  conse- 
quences of  the  earlier  of  which  has  finally  led  to  carelessness  on 
the  part  of  the  perpetrator  and  to  the  awaking  of  suspicion  by 
the  sheer  number  of  rapidly  succeeding  deaths,  all  leading  to 

1  Williams,  1854;  Stephens,  1859;  upon  the  first  trial,  acquittal  upon 

Harris,    1892;    Buchanan,  1893.  the  second. 

Patrick,  1900.  ■■  Nichols,  1893. 

'  Meyer,  1894.  ^  Volkmer    (Joseph    and    Mary), 

'  Heggi,  1872-73;  Lebkuchner,  1879;  Burgess,  1886. 

1888.     Molineux,    1898,   conviction  « Deffarge,  1879;  Fritz,  1885. 
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the  pecuniary  advantage  of  the  same  survivor.  The  defendant 
Meyer  was  under  indictment  for  a  similar  offense  in  Ohio, 
where  he  would  have  been  tried  for  murder  had  he  escaped  con- 
viction in  New  York,  and  if  the  theory  of  the  State  be  correct, 
the  crime  for  which  he  was  convicted  was  but  one  of  many 
schemes  for  the  defrauding  of  life-insurance  companies,  some 
of  which  at  least  were  attended  with  murder.  In  November, 
1888,  Sarah  Jane  Whiteling  was  convicted  of  murder  in  the 
first  degree  for  having  killed  one  of  her  children  by  poison,  hav- 
ing previously  destroyed  another  child  and  her  husband  by  sim- 
ilar means  in  order  to  collect  a  paltry  life  insurance  upon  each. 
The  three  deaths  occurred  on  March  20th,  April  24th,  and  May 
26th  of  the  same  year.  In  1888  Sarah  J.  Robinson  was  convicted 
of  murder  in  the  first  degree  after  two  trials,  for  one  of  a  series 
of  probably  eleven  poisonings  by  arsenic  at  Somerville,  a  suburb 
of  Boston.  The  victims  were  relatives;  the  motive  the  collec- 
tion of  life-insurance  money.  Instances  of  repeated  poisoning 
are,  however,  by  no  means  peculiar  to  this  country.  In  Ger- 
many the  cases  of  Anna  Margaretha  Swanziger  (3  murders  and 
several  attempts),  the  widow  Ursinus  (4  murders),  Gesche  Mar- 
garetha Gottfried  (15  murders),  and  Gesche  Margaretha  Brock- 
man  (3  murders)  are  historical.  In  Holland  the  poisonings  at- 
tributed to  Maria  Catherine  Swanenburg  extended  between  1877 
and  1883.  Besides  the  4  persons  for  whose  murder  she  was 
convicted  in  1885,  she  had  destroyed  19  others,  while  36  persons 
were  made  ill  by  poison  administered  by  her,  of  whom  5  twice, 
2  three  times,  1  four  times,  1  five  times,  and  1  six  times;  and 
had  attempted  to  kill  14  others,  1  twice  and  1  three  times.  In 
Belgium  in  1894  the  wife  of  a  prominent  government  official 
was  charged  with  successive  poisoning  of  a  sister,  an  uncle,  and 
a  brother.  In  France,  Pel  (1884)  was  suspected  of  having  de- 
stroyed five  persons  by  poison  in  a  period  of  twelve  years,  and 
Pastre-Beaussier  (1886-88)  was  accused  of  having  caused  the 
death  of  three  persons  and  the  serious  poisoning  of  twelve 
others.  In  England,  two  women  (Reg.  v.  Flannagan  and  Hig- 
gins,  Liverpool  Winter  Assizes,  1884)  were  convicted  of  mur- 
der, having  caused  the  death  of  four  persons  by  arsenic  ex- 
tracted from  fly-paper.  Taylor^  refers  to  the  case  of  Mary  Ann 
Cotton  (Durham  Lent  Assizes,  1873),  convicted  of  the  murder 
I  "Poisons,"  3d  Am.  ed.,  180. 
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of  a  stepson,  who  had  previously  at  various  times  destroyed  her 
mother,  fifteen  children,  three  of  her  husbands,  and  a  lodger  by 
poison.  In  all  of  the  cases  cited  the  object  was  the  same,  the 
obtaining  of  insurances  upon  the  lives  of  the  victims.  The  case 
of  the  notorious  "Dr."  Cream,  or  Neill,  executed  for  the  mur- 
der of  Matilda  Clover  in  England  in  1892,  shows  that  the  whole- 
sale poisoner  may  extend  the  field  of  his  operations  over  two 
continents. 

ABSORPTION  OF  POISONS. 

That  poisons  administered  by  the  mouth  or  by  inunction 
pass  into  the  blood  and  tissues  was  known  early  in  the  nineteenth 
century.  VoigteP  in  1804  quoted  several  instances  in  which 
mercury  was  obtained  by  distillation  from  the  bones  of  those 
who  had  taken  corrosive  sublimate  for  some  time.  Buchner^ 
relates  that  at  a  still  earlier  period  Pickel  had  found  mercury 
in  the  brain  of  a  similar  patient,  and  that  Eckel  had  obtained 
mercury  from  the  blood,  urine,  and  saliva  of  a  syphilitic  patient 
under  treatment  by  inunction,  and  in  the  perspiration  of  an- 
other treated  by  internal  administration.  Orfila  was  the  first 
to  demonstrate  the  presence  of  arsenic  in  the  blood,  organs,  and 
urine  after  its  administration  by  the  stomach,  first  in  a  series 
of  experiments  upon  animals  in  1839,^  and  later  in  the  same 
year  in  the  human  subject  in  the  case  of  SouflBard.^  Since  that 
time  analyses  have  shown  the  presence  of  a  great  number  of 
poisons  in  the  blood,  tissues,  and  urine  either  in  their  own  form 
or  in  their  products  of  decomposition,  after  their  administration 
by  the  stomach,  by  inhalation,  and  otherwise,  and  if  any  still  re- 
main whose  absorption  has  not  been  thus  proved,  it  is  either  be- 
cause the  necessary  investigations  have  not  been  undertaken  or 
because  of  the  inadequacy  of  our  methods  of  research.  In 
some  instances  in  which  the  usual  chemical  reactions  have  failed 
•to  show  the  presence  of  a  given  poison  in  the  blood,  its  existence 
there  has  been  otherwise  demonstrated.  Thus  while  liquid  re- 
actions may  fail  to  show  the  presence  of  lithium  and  thallium 

'"Handb.     d.    path.     Anat.,"  '  M^m.   Ac.  roy.   de  m^d.,    1840, 

1804-5,  i.,  153-258;  ii.,  10,  110.  viii.,  376. 

^"Toxikologie,"  2te  Aufl.,   1827,  ^  "Toxicologie,"  5Sme  ed.,  i.,  43, 

544,  538.  and    Bull.    Ac.    de   m^d.,    1S3S-39, 

iii.,  664. 
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in  the  blood  and  tissues  after  the  administration  of  small  doses, 
their  presence  there  has  been  distinctly  shown  by  spectroscopic 
examination  of  the  ash.  In  the  case  of  alkaloidal  poisons  reac- 
tions approaching  in  delicacy  the  spectroscopic  tests  are  want- 
ing, and  for  many  the  known  reactions  require  very  appreciable 
quantities  of  the  substance.  If  the  presence  of  snake  poison  in 
the  general  circulation  has  not  been  demonstrated  by  chemical 
means,  its  presence  there  may  be  inferred  from  the  fact  that 
when  injected  in  the  distal  end  of  a  limb,  whose  communication 
with  the  general  circulation  is  temporarily  cut  off  by  a  ligature, 
its  action  is  slight  and  local  only,  but  on  removal  of  the  liga- 
ture its  rapidly  fatal  action  is  exerted.  The  "incarcerated"  hy- 
podermic use  of  cocain  to  produce  local  anaesthesia  in  a  portion 
of  a  limb  separated  from  the  general  circulation  by  a  bandage 
is  now  generally  practised. 

At  the  present  time  the  view  of  Bernard,  that  poisons  only 
act  after  absorption  into  the  blood,*  is  so  universally  accepted 
that  we  have  considered  it  as  the  distinguishing  element  in  the 
method  of  action  of  the  true  poisons,  in  contradistinction  to  the 
local  chemical  action  of  the  corrosives,  and  to  the  physical 
action  of  mechanical  and  thermal  irritants.  (See  Definition, 
P-51.) 

When  a  poison  is  directly  introduced  into  the  circulation,  as 
by  hypodermic  or  intravenous  injection,  or  application  of  its 
solution  to  a  wounded  surface,  it  is  clear  that  absorption  is 
dispensed  with,  and  that  consequently  the  action  of  poisons  or 
medicines  so  administered  is  more  rapid  than  when  they  are 
taken  by  the  mouth.  Poisons  so  introduced  begin  to  act  imme- 
diately, as  the  time  required  for  their  transmission  to  the  organ, 
tissue,  or  morphological  element  upon  which  they  exert  their  ac- 
tion is  practically  insignificant;  and  with  rapidly  acting  poisons 

I  Pour  qu'un  poison  agisse,  il  tion  immediate  ne  se  produira,  et  k 
faut  qu'il  soit  arriv6  dans  le  sys-  la  longue  seulement  un  effet  local 
tSme  art^riel,  car  ce  n'est  que  lors-  pourrait  se  montrer  dans  certains 
qu'il  sera  parvenu  dans  le  r^seau  cas.  II  faut,  ainsi  que  nous  venons 
capillaire,  au  moyen  des  artfires,  de  le  dire,  pour  que  les  effets  tox- 
que  ses  effets  se  manifesteront.  iques  de  ces  substances  se  manifes- 
Qu'on  place,  en  effet,  sur  le  cerveau  tent,  que  I'absorption  les  ait  ame- 
I'un  de  oes  poisons  dont  Taction  sur  n^es  dans  le  courant  artSriel,  qui  les 
le  syst^me  nerveux  est  si  puissant  et  conduit  aux  capillaires  ("Sub- 
cause  si  promptement  la  mort,  de  stances  toxiques  et  m^dicamen- 
la  strychnine  ou  de  I'acide  cyan-  tenses,"  1857,  p.  47). 
hydrique,  par  exemple;  aucune  ac- 
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a  fatal  termination  may  follow  in  a  very  short  time.  Thus  ani- 
mals have  been  killed  in  half  a  minute  by  injection  of  cobra 
poison  (Fayrer)  or  of  hydrocyanic  acid  (Preyer). 

Almost  all  poisons  also  act  more  energetically  when  thus 
introduced,  by  reason,  partly,  of  the  immediate  entrance  of 
the  entire  dose,  which,  being  gradually  absorbed  from  the  ali- 
mentary canal,  may  be  partly  removed  by  elimination  before 
absorption  is  complete,  and  partly  because  by  hypodermic  injec- 
tion the  entire  quantity  administered  certainly  enters  the  circu- 
lation, while  a  part  of  that  given  by  the  mouth  frequently 
escapes  absorption  entirely. 

Substances,  however,  which  are  themselves  non-poisonous, 
but  which  are  acted  upon  by  the  gastric  secretion,  with  forma- 
tion of  a  poisonous  derivative,  are  inert  when  introduced  directly 
into  the  circulation,  but  actively  poisonous  when  taken  into  the 
stomach.  Thus  the  neutral  crotonglycerid,  which  exists  in  the 
fresh  seeds  of  croton  tiglium,  is  inert  when  injected  hypoder- 
mically,  but  is  decomposed  when  taken  into  the  stomach,  with 
liberation  of  crotonic  acid,  which  acts  energetically.  Potas- 
sium myronate,  a  constituent  of  mustard,  and  amygdalin,  a 
glucosid  from  the  bitter  almond,  may  be  given  to  herbivorous 
animals  under  the  skin  without  producing  any  ill  effects,  but,  if 
given  by  the  mouth,  they  are  decomposed  in  the  intestine  by 
the  action  of  bacteria  therein  contained,  the  former  with  the 
hberation  of  oil  of  mustard,  the  latter  with  the  formation  of 
hydrocyanic  acid,  whose  actions  are  then  manifested.' 

On  the  other  hand,  there  are  some  poisons  which,  although 
extremely  active  when  introduced  hypodermically,  are  either 
inert  or  much  less  violent  in  their  action  when  taken  by  the 
mouth.  Such  are  the  venoms  of  serpents,  curare,  ergotic  acid, 
which  are  either  excreted  more  rapidly  than  they  are  absorbed, 
or  are  converted  into  less  harmful  derivatives  in  the  ahmen- 
tary  canal  or  hver. 

The  rapidity  with  which  absorption  takes  place  depends 
upon:  (1)  The  diffusibility  of  the  substance;  (2)  its  condition, 
whether  in  solution  or  soHd,  and,  in  the  latter  event,  whether 
readily  or  difficultly  soluble;  (3)  other  conditions  existing  which 
favor  or  impede  solution  and  diffusion;  (4)  the  absorbent 
surface. 

'  Kobert:  "Intoxikationen,"  2d  Ed.,  1902,  ii.,  24. 
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The  influence  of  variations  in  diffusibility  upon  the  rapidity 
of  absorption  is,  in  the  case  of  solid  poisons,  dependent  in  large 
measure  upon  variations  in  conditions  influencing  solution,  as 
in  their  case  solution  is  preliminary  and  prerequisite  to  diffusion 
or  absorption.  The  rapidity  of  absorption  by  the  pulmonary 
mucous  membrane  is  due  in  part  at  least  to  the  rapid  diffusi- 
bility of  gases  and  vapors.  Vapor  of  chloroform  when  inhaled, 
even  if  largely  diluted  with  air,  is  rapidly  absorbed,  and  has 
been  known  to  produce  unconsciousness  and  muscular  reso- 
lution in  animals  in  twenty-five  seconds,  while  in  the  human 
subject,  administered  for  the  purpose  of  causing  ansesthesia,  it 
frequently  accomplishes  that  object  in  less  than  half  a  minute, 
and  in  some  cases  has  destroyed  life  in  less  than  a  minute.' 
But,  when  taken  into  the  stomach,  liquid  chloroform,  by  reason 
of  its  sparing  solubility  and  its  slight  diffusibility  under  such 
conditions,  causes  insensibility  only  after  the  lapse  of  half  an 
hour  or  more.  Thus-  Smith^  relates  the  case  of  a  woman  who 
swallowed  about  an  ounce  of  chloroform,  after  which  she  walked 
about  the  streets  for  an  hour,  when  she  was  found  leaning 
against  a  building,  and  walked  to  the  police  station,  where  she 
became  unconscious.  She  had  walked  between  one  and  two 
miles  before  losing  consciousness. 

In  general  terms  it  may  be  stated  that  anything  which 
favors  solution  of  a  poison  accelerates  its  absorption,  while  any 
condition  which  impedes  its  solution  retards  absorption.  Phos- 
phorus administered  in  a  salad  is  absorbed  more  rapidly  than 
when  taken  in  a  watery  liquid,  while  the  reverse  is  the  case  with 
powdered  white  arsenic.  Oils  favor  the  solution  of  the  former 
and  impede  that  of  the  latter.  Insoluble  substances  are  non- 
poisonous.  Even  if  they  be  substances- which  in  a  soluble  form 
are  actively  poisonous,  when  in  an  insoluble  modification  or  com- 
bination they  are  inert.  Thus,  while  the  yellow  variety  of 
phosphorus  is  one  of  the  most  virulent  of  poisons,  the  red  allo- 
tropic  modification,  which  is  the  same  substance  chemically, 
and  differs  only  in  its  physical  properties,  is  practically  harmless, 
and  that  principally  because  it  is  not  dissolved  by  the  oils  and 
fats  which  are  solvents  of  the  yellow  modification.  Indeed,  the 
object  of  administering  chemical  antidotes  in  cases  of  poisoning 

'Lyman:      "Anesthesia,"      New  =Phila.    Med.    News,    1891,    lix., 

York,  1881,  p.  195.  688. 
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is  usually  to  bring  about  the  formation  of  an  insoluble,  and  there- 
fore non-poisonous,  combination.  But,  while  the  toxic  activity 
of  a  given  substance  is  proportionate  to  the  quantity  which  can  be 
brought  into  solution,  it  by  no  means  follows  that  readily  soluble 
substances  are  more  poisonous  than  related  substances  of  more 
difficult  solubility.  Indeed,  the  reverse  is  known  to  be  the  case 
in  many  instances,  as  in  the  series  of  alcohols  of  which  ordinary 
alcohol  is  a  member,  the  higher  terms  are  less  soluble  and  more 
actively  poisonous  than  the  lower.' 

Absorption  by  the  Respiratory  Organs. — The  absorption  of 
gases  and  vapors  which  are  soluble  in  or  act  chemically  upon  the 
blood  takes  place  with  great  rapidity.  Ammonia,  however,  al- 
though very  soluble  in  water  is  not  absorbed  by  the  lungs 
(see  p.  326).  Indeed,  volatile  Hquid  poisons  are  sometimes  more 
rapidly  fatal  when  their  vapor  is  inhaled  than  when  the  liquid  is 
injected  directly  into  a  blood-vessel.  Thus  Preyer,^  experiment- 
ing with  hydrocyanic  acid,  found  that  a  rabbit  died  in  twenty-six 
seconds  after  inhaling  the  vapor  of  the  concentrated  acid  for 
three  seconds,  while  in  another  rabbit  into  whose  jugular  vein  1 
c.c.  of  a  sixty-per-cent.  acid  was  injected,  although  the  interfer- 
ence with  respiration  was  immediate,  the  spasms  only  appeared 
in  twenty-nine  seconds,  and  death  followed  in  sixty-one  seconds 
after  the  injection.  In  guinea-pigs  death  followed  inspiration  of 
air  charged  with  vapor  of  hydrocyanic  acid  in  five,  six,  and  six- 
teen seconds.  It  is  clear  that  here  absorption  was  practically 
instantaneous. 

The  action  of  poisonous  gases  when  inhaled  in  tolerably  con- 
centrated form,  besides  being  favored  by  rapid  absorption,  is 
also  aided  by  interference  with  the  principal  channel  of  their 
excretion.  With  gases  which  may  be  inhaled  undiluted  with 
air,  elimination  by  this  channel  is  entirely  arrested,  and  the 
effects  are  very  rapidly  produced.  Thus  muscular  resolution  has 
been  produced  by  nitrous  oxid  in  twenty-five  seconds.  In  the 
case  of  indifferent  gases  the  interference  with  elimination  of 
carbon  dioxid  is  the  only  cause  operative,  and  several  minutes 
elapse  before  the  accumulation  of  that  gas  in  the  blood  causes 
asphyxia. 

'In     this     connection     see     also  ="Die  Blausaure,"  ii.,  1870,  60, 

Richet:   C.   rend.   Soc.   biol.,   Paris,       62,  71. 
1893,  9  s.,  v.,  775. 
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Occasionally,  by  sudden  acts  of  inspiration,  liquids  enter 
the  upper  respiratory  passages,  when  they  not  only  act  mechani- 
cally, but  are  rapidly  absorbed  and  behave  as  poisons.  Sprays 
are  promptly  absorbed  and  are  frequently  used  for  medication. 
The  mechanical  detrimental  action  of  solids  entering  the  air  pas- 
sages gives  no  time  for  toxic  action  if  the  masses  be  of  appreciable 
magnitude,  but  small  quantities  of  extremely  finely  divided 
powders  may  be  thus  administered  by  insufflation. 

Absorption  by  the  Mouth. — Absorption  by  the  buccal  mu- 
cous membrane  is  usually  of  slight  practical  importance,  as 
the  poison  is  rarely  retained  in  that  cavity  or  given  in  a  form 
which  permits  of  any  extensive  absorption  during  its  brief  so- 
journ there. 

Poisons  of  great  activity,  however,  enter  the  circulation 
from  the  mouth  or  lips  or  the  nasal  mucous  membrane  with 
such  rapidity  that  their  contact  with  those  surfaces  may  cause 
death  before  an  act  of  swallowing  is  attempted,  or  even  pos- 
sible. Thus  Preyer*  found  that  rabbits  fell  unconscious  in 
twenty-three  seconds  after  the  application  of  hydrocyanic  acid 
to  the  tongue,  and  in  twelve  seconds  after  its  application  to  the 
nostrils.  Nicotin  also,  when  applied  to  the  mouth  in  doses  of 
two  to  four  drops,  may  cause  poisoning  either  immediately  or 
within  half  a  minute.^  In  cases  of  tobacco  poisoning  from  ex- 
cessive smoking,  in  which  the  smoke  is  not  inhaled,  the  absorp- 
tion is  by  the  buccal  mucous  membrane,  except  in  so  far  as  it 
may  occur  by  swallowed  saliva.  Arsenic  is  also  absorbed  from 
the  mouth  under  exceptional  circumstances,  as  in  those  in- 
stances in  which  arsenical  symptoms  were  traced  to  smoking 
tobacco  or  cigars  impregnated  with  arsenic.^  Gorochof zefE  ^  has 
shown  that  dogs  after  ligation  of  the  oesophagus  are  killed  by 
strychnin  more  rapidly  by  the  mouth  than  by  the  stomach. 

Absorption  by  the  Stomach. — The  action  of  the  stomach  on 
food  constituents  is  preparatory  rather  than  absorptive,  and  such 
absorption  as  does  occur  there  appears  to  be  a  purely  physical 
process,  as  salt  or  glucose  is  absorbed  from  the  stomach  when  in- 
troduced in  solutions  which  are  hypertonic  to  the  blood  plasma, 
but  not  when  the  solutions  are  isotonic  or  hypotonic.     Absorp- 

'■  Loc.  cit.,  p.  69.  Ixiv.,    13.     Friedreich:    Bl.    f.    ger. 

^Husemann   u.   Hilger:     "Pflan-  Anth.,   1858,  ix.,  3  Hft.,  40.     The 

zent.,"  2te  Aufl.,  ii.,  1,  173.  latter  a  case  of  alleged  homicide. 

'Schlegel:  J.  d.  pract.  Hlk.,  1827,  "Deut.  KHn.,  1874,  316. 
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tion  from  the  stomach  appears  to  be  more  rapid  in  the  later  than 
in  the  earher  stages  of  digestion,  as  potassium  iodid,  introduced 
in  capsules  into  the  human  stomach  in  the  third  hour  of  digestion 
is  absorbed  within  six  to  eleven  minutes,  while,  when  introduced 
with  the  food,  it  is  not  absorbed  for  from  twenty  to  forty  minutes. 
Diluted  alcohol  is  absorbed  rapidly,  and  substances  in  alcoholic 
solution  more  rapidly  than  those  in  aqueous  solution. 

There  are  differences  in  the  rates  of  absorption  of  certain  sub- 
stances from  the  stomach  in  different  kinds  of  animal.  Thus 
strychnin  is  absorbed  more  slowly  in  cows  and  much  more  slowly 
in  horses  than  in  dogs,  pigs,  or  cats.  Otto'  found  that  strychnin 
is  absorbed  frgm  the  ligated  stomach  in  cats  and  dogs,  but  not 
in  rabbits  or  guinea-pigs,  while  the  reverse  is  the  case  with  potas- 
sium iodid  and  sodium  salicylate.  Melzer^  found  that  strychnin, 
dissolved  in  forty-per-cent.  alcohol  and  introduced  in  large  amount 
into  the  stomach,  ligated  at  both  extremities,  of  fasting  rabbits, 
produces  no  effects  in  fifteen  hours,  but  it  becomes  rapidly  fatal 
on  removal  of  the  pyloric  ligature.  The  immunity  of  hens  to 
strychnin  is  ascribed  in  part  to  slow  absorption  from  the  alimen- 
tary canal.^  According  to  Doyon  and  Morel,*  arsenic  is  not  ab- 
sorbed from  the  alimentary  canal  in  dogs.  They  gave  a  dog  of 
ten  kilos,  weight  one  gram  of  arsenic  trioxid  daily.  There  was  no 
vomiting,  the  animal  increased  in  weight,  and  no  arsenic  was 
found  in  the  liver  or  other  organs.  To  another  dog  of  18  kilos, 
weight  they  gave  18  grams  of  arsenic  trioxid  at  one  time  without 
causing  toxic  effects.  On  the  other  hand,  they  quickly  obtained 
toxic  and  lethal  action  by  subcutaneous  injection  of  infinitely 
smaller  quantities. 

But  the  failure  or  imperfection  of  absorption  from  the 
stomach  under  normal  circumstances  is  no  impediment  to  the 
passage  of  dissolved  substances  into  the  blood,  as  these  pass 
rapidly  to  the  intestine,  where  absorption  is  active.  Water 
taken  alone  passes  at  once  into  the  duodenum,  and  those  portions 
of  the  stomach  contents  which  have  attained  a  degree  of  liquidity 
similar  to  that  of  thick  pea  soup  begin  to  be  discharged  by  the 
stomach  into  the  intestine  within  two  or  three  minutes  after 
their  ingestion.     The  pyloric  sphincter  is  selective  in  its  action; 

'  Arch.     d.     Verdaungsk.,     1902,  '  Molitoris:  Vrtljschr.  f.  ger.  Med., 

viii.,  427.  1906,  3  F.,  xxxi.,  322. 

^  Ctbl.  f.  Physiol.,  1893,  x.,  281.  '  C.  r.  Soc.  de  biol.,  1906,  Ixi.,  26, 

116;  Lyon  m^d.,  1907,  cviii.,  59. 
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it  relaxes  to  afford  passage  to  materials  of  liquid  consistency, 
which  are  propelled  toward  the  intestine  by  the  contractions 
of  the  gastric  musculature,  while  it  contracts  to  retain  solid  parti- 
cles for  a  long  time. 

According  to  Harnack '  vapor  of  phosphorus  is  absorbed  from 
the  stomach  by  gaseous  diffusion  through  its  walls. 

Absorption  by  the  Intestine. — As  the  small  intestine  is 
the  essential  organ  of  absorption  of  the  products  of  digestion,  so 
is  it  also  a  most  active  absorbent  for  poisons  and  medicinal 
agents  which,  having  reached  it,  are  more  rapidly  absorbed 
than  from  the  stomach.  Poisons,  such  as  phosphorus,  which 
are  soluble  in  oils  but  not  in  watery  liquids,  escape  absorption 
in  solution  in  the  stomach  entirely,  and  only  enter  the  circulation 
indirectly  from  the  intestine  by  the  channel  of  the  thoracic  duct. 

Absorption  from  the  rectum  is  rapid  with  most  poisons  in  solu- 
tion. Thus  Galtier^  cites  the  experiments  of  Roselli  and  Strom- 
bio,  who  found  that  strychnin  introduced  into  the  rectum  in  alco- 
holic solution  caused  tetanic  spasms  in  dogs  more  rapidly  than 
the  same  quantity  given  in  the  same  form  by  the  mouth.  Rectal 
medication  by  means  of  suppositories  is  now  frequently  practised, 
as  it  was  by  enemata  formerly.  Morphin  and  belladonna  are 
more  rapid  in  their  action  when  given  by  the  rectum  than  when 
swallowed,  and  the  numerous  accidents  that  have  followed  the 
use  of  infusions  of  tobacco  as  enemata  attest  the  facility  of  the 
absorption  of  nicotin  by  the  rectum.  Instances  of  homicidal 
administration  of  poisons  by  the  rectum  are  of  infrequent  oc- 
currence. (See  Sulfuric  Acid,  Arsenic,  Mercury.)  Suicides 
have  in  a  few  instances  selected  this  method  of  administration.' 

Poisons  absorbed  from  the  stomach  and  intestines  are  car- 
ried by  the  gastric  and  mesenteric  veins  to  the  portal  vein,  by 
which  they  enter  the  liver,  where  they  are  to  some  extent  re- 
tained or  modified,''  or  whence  they  pass  by  the  hepatic  veins  into 
the  general  circulation. 

The  duration  of  absorption  from  the  alimentary  canal  will 
depend  largely  upon  the  form  in  which  the  poison  is  taken  and 
upon  the  extent  to  which  that  not  immediately  absorbed  is 
either  rendered  insoluble  by  the  action  of  antidotes  or  removed 

'Munch,    med.   Wchnschr.,    1909,  'Hofmann:  "Lehrb.  d. ger.  Med.," 

xlii.,  436.    See  p.  642.  5te  Aufl.,  615. 

2  "Toxicol,  gfe.,"  1855,  p.  8.  '  See  p.  101. 
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by  purgation,  vomiting,  or  the  stomach  pump.  When  opium, 
which  causes  neither  vomiting  nor  purging,  is  taken  in  the  solid 
form  in  large  amount  and  no  successful  effort  to  remove  it  from  the 
stomach  is  made,  its  gradual  solution  and  absorption  in  solution 
must  continue  until  death  puts  an  end  to  the  process.  In  the 
case  of  a  woman'  who  died  sixty  hours  after  taking  an  unknown 
quantity  of  white  arsenic,  that  poison  was  found  in  substance  in 
the  stomach.  It  goes  without  saying  that,  if  life  continue, 
the  same  conditions  which  diminish  the  rapidity  of  gastro- 
intestinal absorption  increase  its  duration.  Absorption  from  the 
alimentary  canal  is  notably  retarded  by  previous  intraperitoneal 
injection  of  adrenalin.^ 

Absorption  from  the  Skin. — The  skin  with  its  cuticle  or 
epidermis  intact  is  pervious  only  to  substances  which  are  sol- 
uble both  in  lipoids  and  in  water.  ^  The  degree  of  solubility  need 
not,  however,  be  high,  as  Lehmann*  has  shown  that  nitrobenzene, 
which  is  very  sparingly  soluble  in  water,  is  absorbed  by  the  unin- 
jured skin  in  the  cat.  As  a  rule,  salts  are  not  absorbed  by  the 
skin.  But  the  experiments  of  Gallard'  have  shown  that  after 
immersion  of  the  arms  in  a  five-per-cent.  solution  of  sodium  iodid 
for  half  an  hour  daily,  the  urine  of  the  succeeding  twenty-four 
hours  contained  from  0.066  to  3.863  mgm.  of  iodin.  Kahlberg' 
has  also  shown  that  traces  of  boric  acid  appear  in  the  urine  within 
five  minutes,  and  estimable  quantities  within  ten  minutes,  by 
immersion  of  the  feet  in  a  saturated  solution;  but  that  salts  of 
calcium,  rubidium,  and  lithium,  even  the  tetraborate  of  the  last- 
named,  are  not  so  absorbed.  There  are,  however,  some  poisons 
which  act  directly  upon  the  skin,  producing  dermatitis,  which  in  a 
mild  form  may  be  limited  to  a  simple  redness  or  erjrthema,  attended 
with  more  or  less  itching  and  going  on  to  the  formation  of  vesicles, 
pustules,  or  bullae,  and,  in  extreme  cases,  even  gangrene.  Among 
these  are  arsenic  and  the  juices  of  certain  plants.  The  epidermis 
is,  on  the  other  hand,  permeable  to  oils  and  fats,  and  mercury 
and  some  other  medicines,  incorporated  with  fats  in  the  shape  of 
ointments,  are  readily  absorbed  when  rubbed  upon  the  cuticle. 

'Paterson:     Edinb.  M.  J.,   1857,  *  "Beitr.   z.   Physiol,   u.    Path.," 

111-.  394.  Festschr.  Hermann,  1908,  130. 

2  Exner:     Arch.  f.  exp.  P.  u.  P.,  =  C.  r.  Ac.  sc,  1900,  cxxx.,  858. 

1903,  1.,  313.  "Proc.    Am.    Soc.    Biol.    Chem., 

^  Sciiwenkenbecher:    Arch.  f.  An.  1908,  i.,  118. 
u.  Physiol.,  Phys.  Abt.,   1904,   121, 
with  bibliography. 
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The  menstruum  best  adapted  to  this  purpose  is  lanolin  (a  fat,  in 
which  glycerol  is  replaced  by  cholesterol),  obtained  from  wool. 
Finely  divided  powders,  when  rubbed  upon  the  cuticle,  are  also 
absorbed,  probably  by  being  dissolved  in  the  oily  sebaceous 
secretion.  Metals,  also,  whether  in  the  shape  of  solids  or  vapors, 
are  absorbed  through  the  cuticle,  as  is  evidenced  by  the  occur- 
rence of  lead  poisoning  among  plumbers  and  others  who  handle 
that  metal  and  by  the  physiological  action  of  mercury  produced 
by  exposure  of  the  skin  to  the  vapor  of  that  metal.  Pronounced 
symptoms  of  atropic  poisoning  have  repeatedly  been  observed 
after  the  application  of  belladonna  plasters  to  the  uninjured  skin; 
and  death  has  resulted  from  similar  application  of  antimonials.^ 

The  abraded  skin,  exposing  the  very  vascular  subcutaneous 
cellular  tissue,  becomes  a  very  active  absorbent  surface,  and 
solutions  applied  to  it  are  to  all  intents  and  purposes  under  the 
same  conditions  as  when  hypodermically  injected.  Certain  sub- 
stances, such  as  bismuth  subnitrate,  are  absorbed  from  wounds, 
although  their  absorption  from  the  alimentary  canal  is  very 
slight. 

Absorption  from  Genito -Urinary  Organs. — Several  cases  are 
reported  of  women  who  have  been  poisoned  by  arsenic  introduced 
into  the  vagina  with  murderous  intent.^  The  occurrence  of 
mercurial  poisoning  in  women,  due  to  the  use  of  corrosive  sub- 
limate solutions  for  vaginal  and  uterine  irrigations,  has  been  the 
subject  of  several  treatises.  Uterine  absorption  is  much  more 
active  after  delivery  than  at  other  times. 

The  male  urethra  and  mucous  membrane  of  the  glans  and  pre- 
puce are  actively  absorbent  surfaces.  So  far  as  we  are  aware,  no 
modern  instance  is  recorded  of  criminal  introduction  of  poison  by 
these  channels,  although  Zacchias  relates'  that  Ladislas,  King 
of  Naples,  was  killed  by  poison  communicated  during  coitus. 

The  mucous  membrane  of  the  urinary  bladder  absorbs  only 
slowly  and  imperfectly.  Stille*  states  that  atropin  may  be  ab- 
sorbed from  the  bladder  even  after  it  has  been  eliminated  from 
the  system  by  the  kidneys.  On  the  other  hand,  Falck^  found 
that  0.03  gm.  (gr.  1/2)  of  strychnin  nitrate  in  solution  introduced 

'Seep.  364.  "Wharton    and    Still^:     "Med. 

^  See  Arsenic,  p.  433.  Jur.,"  4th  ed.,  ii.,  11. 

'"Qusest.     med.     leg.,"     Venet.,  =  "Toxikologie,"  1880,  p.  8.    Also 

1737,  i.,  170.  Cohnheim:  Ztschr.  f.  Biol.,  1901,  xli., 

331. 
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into  the  bladder  of  a  dog  did  not  produce  the  slightest  symp- 
toms of  poisoning,  while  very  much  less  quantities  (from  0.75 
to  3.9  mgm.  per  kilo)  caused  death  by  hypodermic  injection,  by 
the  rectum,  and  the  empty  stomach. 

The  experiments  of  Cazeneuve  and  Lepine'  show  that 
strychnin  is  not  absorbed  from  the  uninjured  bladder.  They 
injected  0.04  gm.  (gr.  6/10)  into  the  bladders  of  dogs  by  means 
of  a  Dieulafoy  syringe;  the  neck  of  the  organ  having  been  pre- 
viously ligated.  No  symptoms  whatever  were  manifested  for 
sixteen  to  twenty  hours,  after  which  they  develojjed  rapidly, 
and  terminated  suddenly  in  death.  As  at  the  autopsy  they 
always  found  the  bladder  inflamed  in  the  neighborhood  of  the 
ligature  they  properly  attributed  the  later  effects  to  absorption 
from  this  inflamed  surface. 

Absorption  Through  Other  Channels. — Substances  in  solu- 
tion injected  into  parenchymatous  organs  pass  into  the  cir- 
culation as  rapidly  as  when  injected  into  the  subcutaneous  tis- 
sue. The  serous  membranes  are  actively  absorbent.  Cases  of 
medicinal  poisoning  have  resulted  from  the  introduction  of 
atropin  solution  into  the  auditory  canal,  and  mineral  acids  have 
been  poured  into  the  ear  with  murderous  intent.  The  corneal 
and  palpebral  conjunctiva  is  an  absorbent  surface,  as  is  proved 
by  absorption  of  atropin  applied  to  it,  even  in  persons  in  whom 
there  is  closure  of  the  lachrymal  duct;  but  absorption  takes 
place  more  slowly  than  from  mucous  surfaces. 

That  the  foetus  may  be  killed  by  poison  taken  by  the  mother 
is  proved  by  instances  in  which  arsenic,  phosphorus,  lead,  iner- 
cury,  and  copper  have  been  detected  in  the  tissues  of  the  foetus, 
either  after  the  death  of  the  mother  or  after  dead  birth. 

DISTRIBUTION  OF  POISONS. 

The  distribution  of  poisons  in  the  system,  i.e.,  the  relative 
proportion  existing  in  different  organs  and  tissues  of  the  body 
at  various  stages  of  absorption  and  elimination,  has  as  yet 
been  studied  with  regard  only  to  a  few  mineral  poisons,  such  as 
arsenic,  antimony,  copper,  and  lead.  Concerning  the  first  two 
the  number  of  observations  is  still  small,  and  with  regard  to  the 
last  two  the  investigations  have  been  for  the  most  part  in  cases 
'  Ct.  rend.  Ac.  Sc,  Paris,  18S1,  xciii.,  445. 
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of  chronic  poisoning.  Investigations  hitherto  made  show  that 
the  distribution  is  different  with  different  poisons  and  very  prob- 
ably not  the  same  in  acute  as  in  chronic  poisoning,  or  in  poison- 
ing by  repeated  doses.     (See  Arsenic:  Distribution,  p.  529.) 

METHODS  OF  ACTION  OF  CORROSIVES  AND  POISONS. 

Two  varieties  of  action  are  commonly  recognized:  a  local 
action,  that  produced  at  the  point  of  application,  whether  ex- 
ternal or  internal;  and  a  remote  action,  manifested  in  some 
organ,  tissue,  or  fluid  to  which  the  deleterious  agent  is  not  di- 
rectly applied.  The  local  action  of  the  corrosives  is  intense, 
and  their  remote  action  insignificant.  With  true  poisons  the 
reverse  is  the  case.     (See  Definition,  p.  51  ) 

The  local  action  is  most  intense  with  the  mineral  acids 
and  alkalies.  These  substances  disorganize  those  tissues  with 
which  they  come  in  contact  by  chemical  decompositions  which 
they  bring  about  in  dead  and  living  tissues  alike.  The  injuries 
caused  by  them  during  life  closely  resemble  those  caused  by 
heat;  to  all  intents  and  purposes  they  are  burns  (See  Vol.  L,  p. 
953).  Some  substances  act  both  as  corrosives  and  as  true  poi- 
sons, the  local  or  remote  action  predominating  according  to  the 
degree  of  concentration.  This  is  true  of  oxalic  acid,  mercuric 
chlorid,  and  phenol,  substances  which  have  a  great  tendency  to 
enter  into  chemical  reaction  with  the  nitrogenized  constituents 
of  the  body,  thereby  causing  destruction  of  the  cellular  elements 
of  tissues  with  which  they  come  into  contact,  either  by  direct 
application  or  by  the  channel  of  the  circulation.  The  local  ac- 
tion of  such  agents  is  manifested  in  erythema,  eruptions,  swell- 
ing, with  or  without  oedema,  extravasation  of  blood,  and  even 
formation  of  pus,  and  by  sensations  of  pain,  prickling,  itching, 
burning,  or  of  cold,  when  they  are  applied  to  the  cutaneous  sur- 
face; and  in  the  symptoms  of  gastro-enteritis,  more  or  less  in- 
tense, when  they  are  taken  by  the  mouth. 

In  the  case  of  arsenic,  and  possibly  also  of  other  poisons,  the 
effects  at  the  point  of  application,  although  in  one  sense  local, 
are  direct  only  to  a  limited  extent,  and  depend  rather  upon 
absorption  of  the  poison  and  its  return  by  the  circulation  to  the 
part  affected.  Gastro-enteric  inflammation  is  caused  by  arsenic 
admiftistered  by  other  channels   than  the   mouth,   and   conse- 
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quently  without  direct  application  to  the  gastro-enteric  mucous 
membrane. 

The  remote  action  of  poisons,  manifested  after  their  en- 
trance into  the  circulation,  is  local  in  the  sense  that  it  is  exerted 
upon  organs  or  tissue  elements  with  which  the  substance  is 
thus  brought  in  contact.  The  view  formerly  held  by  some  that 
poisonous  influences  in  the  case  of  rapidly  acting  poisons,  such 
as  hydrocyanic  acid  and  nicotin,  must,  because  of  their  rapidity 
of  action,  be  transmitted  by  the  nerves  is  no  longer  entertained. 
Even  the  most  rapidly  fatal  poisons  do  not  cause  death  with  such 
rapidity  that  their  transmission  by  the  blood  to  the  part  affected 
is  impossible. 

Concerning  the  method  of  action  of  poisons  upon  cells  and 
tissue  elements  or  their  constituents  but  little  is  known.  A  few 
poisons  are,  however,  known  to  cause  changes  in  the  composi- 
tion, chemical  changes,  in  certain  constituents  of  the  tissues  and 
fluids  which  render  these  unfit  to  perform  their  normal  func- 
tion. Thus  carbon  monoxid  combines  with  the  red  coloring 
matter  of  blood  corpuscles  to  form  a  compound  more  stable 
than  that  which  the  same  pigment  produces  with  oxygen,  and 
thus  extinguishes  life  by  interference  with  the  transfer  of  oxy- 
gen from  the  lungs  to  the  tissues.  It  has  also  been  suggested 
that  the  poisonous  action  of  arsenic  is  due,  in  part  at  least,  to 
interference  with  normal  chemical  processes  brought  about  by 
modifications  of  oxidation.* 

Rabuteau^  has  sought  to  show  that  in  the  case  of  the  mineral 
poisons  a  relation  exists  between  their  atomic  weights  and  their 
toxic  activity,  the  latter  being  the  greater  as  the  former  is  more 
elevated;  or  that  they  are  the  more  active  the  lower  their  spe- 
cific heat. 

Recent  investigations  of  the  actions  of  those  organic  poisons 
whose  chemical  constitution  is  known  indicate  that  their  toxic 
activity  depends  upon  their  molecular  structure,  and  in  the  case 
of  certain  series  of  related  or  homologous  compounds  is  in- 
creased or  diminished  by  introduction  of  certain  groups  or 
atoms,  or  in  the  case  of  isomeric  bodies  by  variations  in  their 
positions.     Thus  Gibbs  and  Reichert^    have   shown    that    the 

'Binz  and  Schultz:  Arch.  f.  exp.  Sc,    Paris,    Oct.    24th,    ISSl,    and 

Path.  u.  Pharm.,  1879-82,  xi.,  200;  Blake:  ibid.,  April  23d,  1888. 

^l-ul^^'-^'Y-'  ^'^^'  ''^■'  322.  '  Amer.  Chem.  Journ.,  1894,  xvi., 

Toxicologic,"  2eme  ed.,   1887,  443-449. 
p.  11.     See  also  Richet:  C.  rend.  Ac. 
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lethal  doses  of  propyl,  butyl,  heptyl  and  octyl  alcohols  are  pro- 
gressively diminishing  quantities.  Bauman  and  Kast,'  investi- 
gating the  relative  activity  of  the  sulfones,  found  that  those  con- 
taining the  radical  methyl  (CHj)  only  are  therapeutically  inactive, 
while  the  ethyl  (C2H5)  derivatives  have  hypnotic  actions  increas- 
ing in  activity  with  the  number  of  ethyl  groups  contained  in 
their  molecules.  The  introduction  of  methyl  into  hydrocyanic 
acid  or  strychnin  produces  great  diminution  of  toxicity,  while 
dimethyl  resorcinol  is  much  more  actively  toxic  than  resorcinol. 
The  introduction  of  either  methyl  or  ethyl  into  morphin  changes 
the  character  of  its  action  from  narcotic  to  tetanic.  The  in- 
fluence of  orientation  has  been  studied  by  Brieger  and  by  Gibbs 
and  Hare,^  who  found  that  the  paratoluidins  are  much  more 
actively  poisonous  than  the  ortho  compounds.  But  that,  on  the 
other  hand,  of  the  three  isomeric  diphenols,  catechol  (ortho) 
is  the  most  actively  poisonous,  and  resorcinol  (meta)  the  least 
so.  The  lethal  doses  of  the  three  are  given  as  catechol  5,  quinol 
(para)  10,  and  resorcinol  100.^ 

The  remote  actions  of  poisons  are  undoubtedly  chemical  in 
their  nature;  i.e.,  attended  with  changes  in  the  composition  of 
the  cell  constituents  acted  upon.  Such  changes  may,  however, 
be  brought  about  by  physical  processes,  as  in  the  case  of  a  woman 
who  died  in  24  hours  after  the  administration  by  hypodermo- 
clysis  of  one  liter  of  an  almost  saturated  solution  of  common 
salt  in  mistake  for  a  0.9  per  cent,  solution.*  In  this  case  death 
was  due  to  the  physical  desiccating  action  of  the  hyperisotonic 
blood  plasma  upon  the  blood  corpuscles  and  the  cells  of  the 
central  nervous  system. 

Circumstances   and   Conditions   Modifying    the    Action  of 
Corrosives  and  Poisons. 

External  Conditions. — Usually  conditions  independent  of 
the  toxic  agent  and  of  the  subject  have  little  influence  upon  the 
action  of  a  poison.     Extremes  of  temperature,   however,   not 

'  Zeitschr.  f.  physiol.  Chem.,  1889,  naturliches    System    der    Giftwirk- 

xiv.,  52-74.  ungen,"   Milnchen,    1893.     Frankel: 

^Arch.    f.    An.    u.   Phys.,    Phys.  "  Arzneimittel    Synthese,"     Berlin, 

Abth.,     1889,     Supplb.,     271-291;  1901,  passim. 

1890,  iii-iv.,  344-359.  "  Combs:     Amer.  Med.,  1905,  ix., 

'  For    further    information    upon  640. 
this    subject    see    O.    Loew:    "Ein 
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only  diminish  the  resisting  power  of  the  individual,  but  a  low 
temperature  favors  the  activity  of  such  poisons  as  lower  the 
body  temperature,  and  a  high  temperature  similarly  accelerates 
the  effects  of  those  whose  action  is  attended  by  pyrexia.'  It  has 
been  observed  that  when  bromids  are  given  in  large  doses  brom- 
ism  is  more  frequent  in  the  colder  than  in  the  warmer  half  of  the 
year.= 

The  physiological  action,  however,  of  gaseous  substances  is 
markedly  influenced  by  the  pressure.  Thus  oxygen,  which, 
under  the  ordinary  conditions  of  dilution  and  pressure  in  which 
it  exists  in  the  atmosphere,  is  a  prime  necessary  of  life,  becomes 
an  active  poison  under  increased  pressure,  causing  death  in 
tetanic  spasms  resembling  those  produced  by  strychnin. 

Conditions  of  the  Poison — Quantity. — E-^^en  with  the 
most  active  poisons  there  is  a  limit  of  quantity  below  which  the 
substance  is  entirely  inert.  When  the  quantity  is  increased  be- 
yond this  a  point  is  reached  where  the  effects  produced  are  such 
as  may  be  desirable  under  certain  conditions  and  not  deleteri- 
ous. The  quantity  then  represents  a  medicinal  or  therapeutic 
dose,  and  the  effects  are  designated  as  physiological  or  medi- 
cinal. A  further  increase  in  quantity  causes  effects  which 
either  exceed  those  desirable  therapeutically  in  degree,  or  in 
their  nature  are  menacing  to  life  or  health;  when  the  quantity 
taken  is  a  toxic  dose.  And  finally,  by  further  increase  a  quantity 
is  reached  which,  in  the  absence  of  antidotal  interference,  would 
extinguish  life — a  fatal  or  lethal  dose. 

The  expression  "minimum  lethal  dose"  is  used  in  different 
senses  in  works  on  pharmacodynamics  and  in  legal  toxicology. 
In  the  former  sense,  also  referred  to  as  the  "  co-efficient  of  tox- 
icity," it  is  applied  to  the  smallest  quantity  per  kilo  of  body  weight 
which  will  certainly  cause  death.  This  quantity  is  known  for 
many  poisons  with  those  animals  which  are  customarily  used  for 
physiological  experimentation,  but,  for  obvious  reasons,  it  can- 
not be  determined  with  the  human  subject  for  any  poison. 
Nor  can  it  be  ascertained  for  man  by  calculation  from  the  known 
doses  for  any  of  the  lower  animals,  because  of  the  great  variations 
in  intensity  of  action  of  poisons  upon  different  species  of  animals. 

'Hess    and    Luchsinger:      Pflug.  =Fer^:  C.  rend.    Soc.  biol.,  Paris 

A.rch.,  1884,  xxxiv.,  184;  Zeehuisen:       189,3,  9  s.,  v.,  277.     See  also  Kossa: 
^blt.  f.  inn.  Med.,  1895,  xvi.,  1.  Arch.   f.   exp.  Path.   u.   Ph.,   1895, 

xxxvi.,  120. 
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Even  with  animals  it  is  not  an  absolute,  fixed  quantity,  but  varies 
within  certain  limits  from  variations  in  the  power  of  resistance 
of  different  individuals  of  the  same  species.  In  the  medico- 
legal sense  the  minimum  lethal  dose  may  be  predicated  as  a  state- 
ment of  fact  or  as  an  expression  of  opinion.  As  a  statement  of 
fact,  it  applies  to  the  smallest  quantity  of  the  poison  which  has 
been  known  to  cause  the  death  of  an  otherwise  healthy  human 
being.  With  many  poisons  it  is  highly  probable  that  this  quan- 
tity is  not  the  smallest  which  is  capable  of  causing  the  death  of  a 
perfectly  normal  individual,  but  until  some  observation  is  had 
of  death  from  a  smaller  quantity  it  must  remain  our  best  knowl- 
edge of  fact  upon  the  subject.^  The  determination  of  the  true 
minimum  lethal  dose  for  man  is  most  difficult.  The  amount 
found  in  the  body  after  death  is  only  a  partial  indication  of  the 
amount  taken,  in  that  the  former  quantity  is  an  undeterminable 
fraction  of  the  latter.  In  homicidal  cases  the  amount  taken  is 
very  rarely  known,  and  is  always  a  subject  of  contest,  and  sui- 
cides usually  take  large  quantities  to  insure  a  fatal  action; 
therefore,  we  are  practically  limited  to  accidental  cases  for  ob- 
servations of  deaths  from  small  doses,  and  in  these  the  conditions 
are  rarely  propitious.  The  dose  must  be  small  and  known  with 
accuracy,  it  must  have  proven  fatal  under  conditions  which  e??- 
clude  other  causes  of  death,  and  no  part  of  it  can  have  been  re- 
moved by  vomiting  or  by  treatment.  The  question:  "What  is 
the  lethal  dose?"  of  this  or  that  poison  is  one  which  is  almost  in- 
variably asked  of  medical  witnesses  in  homicidal  cases,  and  it  is 
usually  answered  by  the  quotation  of  a  statement,  based  upon 
opinion  only,  which  has  been  copied  from  one  text-book  to 
another,  or  by  an  expression  of  the  opinion  of  the  witness  as  to 
what  might  be  the  amount,  and  when  so  made  the  answer  should 
have  the  weight  of  opinion  only,  not  that  of  a  statement  of  fact. 
The  effective  dose  of  a  given  poison  is  that  quantity  which  is 
at  the  time  operative  upon  those  blood  or  tissue  cells  or  fluid 
elements  upon  which  it  acts.  Consequently  the  stomach  must 
be  considered  as  a  mere  intermediate  receptacle  from  which  the 

'See     "Arsenic,"     p.     434.    We  literature.     In   the   great   majority 

deem  it  necessary  in  this  connection  of    "small-dose    cases"    either    the 

to  caution  the  legal  reader  against  quantity  taken  is  open  to  question 

too  ready  acceptance  of  reports  of  or  other  and  more  probable  causes 

cases    of    death    from    very    small  of  death  existed  in  the  subject, 
doses  of  poisons  recorded  in  medical 
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poison  may  either  pass  into  the  blood  and  tissues,  there  to  be- 
come effective,  or  be  removed  by  vomiting  or  otherwise  and  thus 
become  inoperative.  For  this  reason  cases  have  frequently 
occurred  in  which  persons  have  recovered  after  having  swallowed 
very  much  larger  quantities  of  poisons,  particularly  of  such 
as  provoke  vomiting,  than  those  which  have  repeatedly  caused 
death.  The  relation  between  the  rapidity  of  entrance  into  the 
blood,  by  absorption  or  otherwise,  and  that  of  exit  therefrom 
by  elimination  also  influences  the  quantity  present  in  the  blood, 
and  therefore  capable  of  action  (see  p.  108).  The  effective  dose  is 
therefore  greater,  and  the  toxic  effect  more  pronounced  and  more 
prompt,  when  a  toxic  dose  is  injected  directly  into  the  veins  than 
when  administered  in  equal  amount  hypodermically,  or,  a  for- 
tiori, when  swallowed.  It  cannot  be  doubted  that  the  quantity 
of  any  poison,  at  one  time  operative  and  capable  of  causing 
death  under  given  conditions,  has  a  definite  minimum  limit. 
This  is,  however,  an  unknown  quantity  (see  p.  211). 

Physical  Conditions. — With  the  corrosives  the  most  im- 
portant physical  condition  in  this  connection  is  the  degree  of 
concentration,  to  which  the  gravity  of  the  injury  is  directly 
proportionate.  With  the  true  poisons  the  degree  of  solubility 
exerts  the  greatest  influence  upon  the  rapidity  and  intensity  of 
action.  The  dictum  corpora  non  agunt  nisi  soluta  is  pre-emi- 
nently true  of  poisons.  Both  poisons  and  corrosives  act  more 
energetically  when  they  are  warm  than  when  cold. 

Age  of  Poison. — The  length  of  time  which  has  elapsed 
since  the  preparation  or  solution  of  the  poison  may  in  certain 
cases  have  permitted  it  to  become  almost  or  entirely  inert  by 
decomposition.  Thus  solution  of  hydrocyanic  acid  rapidly  de- 
teriorates by  exposure  to  light  and  air,  and  the  dilute  acid  of 
the  Pharmacopoeia  is  rarely  met  with  in  pharmacies  of  the  two- 
per-cent.  strength  called  for;  solutions  of  morphin  form  an  ex- 
cellent culture  medium  for  certain  moulds,  which  convert  the 
alkaloid  into  the  less  active  oxydimorphin;  and  solutions  of 
aconitin  lose  their  activity  rapidly. 

Conditions  of  the  Subject — Species  and  Race. — There 
is  probably  no  poison  which  acts  with  equal  intensity  upon 
all  forms  of  Hfe.  The  germicidal  activity  of  mercuric  chlorid 
is  at  least  five  hundred  times  as  great  as  that  of  arsenic  trioxid, 
while  the  two  poisons  are  fatal  to  man  in  about  equal  doses. 
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Of  the  protein  substances  having  poisonous  qualities,  some 
(the  toxalbumins)  are  produced  by  bacteria,  and  are  poisonous 
to  animals;  while  others  (the  alexins  or  antitoxins)  are  produced 
physiologically  or  pathologically  in  animals,  and  are  poisonous 
to  bacteria.  Ascarides  are  not  poisoned  by  strychnin,  which 
destroys  their  host.  Quinin  is  more  poisonous  than  strychnin 
to  infusoria  and  to  diatoms,  while  the  reverse  is  the  case  with 
vertebrates.  Neither  alkaloid  has  any  considerable  influence 
upon  the  bacteria  of  putrefaction.  A  rabbit  will  bear  more 
atropin  or  morphin  than  a  man  whose  weight  is  fifty  times  as 
great.  Goats  are  not  affected  by  quantities  of  nicotin  or  of 
lead  sufficient  to  destroy  human  life.  Amygdalin  is  poisonous 
to  rabbits,  but  not  to  dogs.  Frogs  are  very  susceptible  to  the 
action  of  the  digitalis  glucosids,  which  have  very  little  effect 
upon  toads.  While  morphin  causes  complete  insensibility  and 
narcosis  in  dogs,  it  causes  great  excitement  in  hares,  cows,  and 
cats,  and  it  has  no  action  on  goats  unless  taken  in  enormous 
quantity.  Codein  is  much  more  poisonous  to  rabbits  than 
morphin,  while  man  tolerates  from  ten  to  twenty  times  more 
codein  than  morphin.  Instances  such  as  these,  which  might 
be  multiplied,  indicate  that  great  caution  is  necessary  in  drawing 
deductions  applicable  to  the  human  subject  from  experiments 
upon  animals.  While  the  result  of  such  experiments  are  fre- 
quently of  great  value  in  establishing  the  identity  of  certain 
poisons  (see  Physiological  Tests)  and  in  studying  the  method  of 
action  of  poisons  and  medicines  under  conditions  not  easily 
realized  otherwise,  they  should  only  be  considered  as  indicating 
the  action  upon  the  human  subject  when  supported  by  corrobo- 
rative evidence  obtained  from  observations  made  upon  man 
either  in  suicidal  or  accidental  poisonings  or  by  experimentation 
within  the  limits  of  propriety  and  safety.  In  some  cases  of 
homicidal  poisoning  evidence  also  has  been  furnished  by  the 
poisoning  of  domestic  animals  that  have  eaten  the  remains  of  the 
food  in  which  the  poison  was  administered  or  the  vomit  of  the 
victim,  and  by  examination  of  their  bodies. 

Differences  in  the  actions  of  certain  poisons  have  also  been 
observed  in  different  races  of  men.  Thus  opium,  which  causes 
a  sleepy,  dreamy  condition  in  Caucasians  and  Chinese,  is  said  to 
affect  Malays  and  Japanese  with  murderous  mania.     It  is  also 
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said  that  narcotics  in  general  are  more  active  in  the  inhabitants 
of  warm  chmates  than  upon  northern  races. ' 

Whether  these  differences  are  due  to  varying  peculiarities 
in  organization  of  the  individuals  of  different  races  or  to  other 
causes  referred  to  in  this  section,  is  not  determined. 

Age. — The  doses  of  medicinal  substances  properly  adminis- 
tered to  children  are  not  only  absolutely  smaller  than  those 
given  to  adults,  but  are  also  less  relatively  to  the  weights  of  the 
two,  the  susceptibility  of  the  child  being  greater  than  that  of 
the  adult.  The  narcotics  particularly  are  much  more  active 
upon  young  than  upon  adult  subjects.  In  old  age  the  resistant 
power  of  the  individual  diminishes,  and  changes,  particularly 
in  the  walls  of  the  arteries,  of  a  character  favoring  a  fatal  ac- 
tion, are  more  frequently  present.  Old  persons  have  in  several 
instances  been  killed  by  doses  of  drastics  and  of  digitalis  which 
would  have  caused  only  the  usual  therapeutic  actions  in  persons 
of  middle  age. 

Some  exceptions  to  the  rule  that  young  individuals  are  more 
susceptible  to  the  action  of  poisons  than  those  that  are  full-grown 
have  been  observed.  Thus  children  take  calomel  without 
salivation  longer  than  do  adults;^  and  new-born  puppies  with- 
stand larger  doses  of  strychnin  than  full-grown  dogs.^ 

Condition  of  Health. — It  may  be  said,  in  general,  that 
persons  in  health  are  better  capable  of  withstanding  the  action 
of  poisons  than  those  whose  physical  condition  is  impaired  by 
excesses  or  by  disease.  Some  poisons  also,  by  similarity  of  their 
effects  with  those  caused  by  certain  diseases,  may  bring  about 
the  death  of  a  person  so  affected  when  taken  in  small  doses. 
Thus  ordinary  medicinal  doses  of  opiates  may  cause  a  fatal  re- 
sult in  a  person  already  on  the  verge  of  apoplexy.  Tartar 
emetic  or  chloroform  may  suddenly  extinguish  the  life  of  a  per- 
son having  organic  disease  of  the  heart.  Persons  in  a  starving 
condition  have  been  fatally  poisoned  by  quantities  of  poisonous 
berries  and  of  putrid  food  which  would  at  most  have  provoked 
vomiting  in  a  person  in  a  well-nourished  state.  The  increased 
susceptibility  to  the  action  of  poisons  in  general  caused  by  dep- 
rivation of  food  is  due,  in  some  measure  at  least,  to  the  disap- 

'  Husemann:  "Tox.,"  29.  'Bert    and    Demant,    ex    Loew: 

'  Id.:,  op.  cit.,  31.  "Syst.  d.  Giftwirk.,"  88.     Petrone: 

Jahresb.  f.  Thierch.,  1901,  xxxi.,  527. 
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pearance  of  glycogen  from  the  liver  during  starvation,  and 
consequent  diminution  of  the  disintoxicating  action  of  that 
organ  (p.  101).  Persons  whose  hepatic  or  renal  function  is  im- 
paired by  disease  of  the  liver  or  kidneys  are  more  susceptible 
to  the  action  of  poisons  than  are  those  whose  organs  are  normal. 

In  such  cases  a  question  may  well  arise  as  to  whether  the 
disease  or  the  poison  was  the  cause  of  death.  When  there  is 
no  question  of  the  administration  of  the  poison,  and  death  has 
followed  after  the  manifestation  of  the  symptoms  usuallj^  caused 
by  it  and  within  the  usual  time  in  which  that  poison  causes 
death,  the  disease  is  to  be  looked  upon  as  a  condition,  and  the 
death  should  be  attributed  to  the  poison.  But  it  is  possible  that 
a  diseased  person  may  take  a  poison,  manifest  the  symptoms 
attributable  to  the  combined  or  associated  actions  of  the  poison 
and  disease,  and  yet  die  of  the  disease.  Thus,  through  the 
negligence  of  a  physician,  a  child  of  about  four  months  of  age 
was  given  four  drops  of  deodorized  tincture  of  opium  at  9  a.  m. 
Between  noon  on  that  day  and  the  next  morning  the  child 
manifested  marked  symptoms  of  opium  poisoning,  for  which 
it  was  treated  by  the  usual  methods  by  another  physician. 
During  the  two  following  days  the  pupils  regained  their  normal 
size,  the  child  cried  frequently,  had  a  temperature  ranging  from 
103°  to  105.5°  and  died  eighty-eight  hours  after  administration 
of  the  opiate,  with  symptoms  of  compression  of  the  brain. 
The  autopsy  and  the  clinical  history  showed  that,  while  the 
child  had  been  dangerously  poisoned  by  opium,  it  had  recov- 
ered from  the  effects  of  the  narcotic  and  had  died  of  acute 
hydrocephalus. 

The  theory  of  death  from  poisoning  by  improper  medication 
has  also  been  advanced  in  homicide  cases  of  death  alleged  to  be 
caused  by  wounds.  Thus,  in  the  case  of  Stokes,  it  was  claimed 
by  the  defense  that  the  death  of  the  deceased  was  not  due  to  the 
pistol-shot  wound  which  he  received,  but  to  the  action  of  mor- 
phin  administered  by  the  surgeons  who  attended  him.^ 

On  the  other  hand,  patients  suffering  from  certain  diseases 
manifest,  apart  from  habituation,  a  tolerance  for  particular 
medicines  in  doses  which  would  be  poisonous  to  a  healthy  per- 
son. Thus  large  doses  of  opiates  are  frequently  given  to  per- 
sons  suffering  from  dysentery,   tetanus,   cholera,   or  alcoholic 

iPeugnet:  Papers  Med.-Leg.  Soc,  New  York,  1882,  2d  ser.,  294-333. 
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mania  without  the  production  of  poisonous  effects;  syphilitics 
bear  doses  of  mercury  or  of  iodin  which  would  cause  symptoms 
of  poisoning  in  healthy  individuals;  and  strychnin  has  been  ad- 
ministered to  a  hemiplegic  to  the  daily  amount  of  three  grains 
without  injurious  consequence.  But  this  immunity  has  a  limit, 
and  when  the  quantity  of  the  poison  is  further  increased  toxic 
effects  are  produced. 

Mental  influences  may  also  cause  an  explosion  of  symptoms 
of  poisoning  in  a  person  saturated  with  a  drug  taken  medicin- 
ally or  habitually.  This  is  frequently  observed  in  attacks  of 
delirium  tremens,  and  Fere'  has  reported  a  case  of  acute  bromic 
poisoning  in  an  individual  who  had  been  under  the  drug  for 
three  years,  which  was  clearly  due  to  moral  shock. 

Continued  Action. — The  corrosives  frequently  cause  death 
by  mechanical  stricture  or  closure  of  the  openings  of  the  stom- 
ach and  by  destruction  of  the  gastric  follicles,  weeks  or  months 
after  the  primary  action  has  ceased,  by  the  intensity  of  the  in- 
flammatory processes  set  up.  Some  poisons,  also,  as  arsenic, 
may  establish  a  gastro-enteritis  of  sufficient  intensity  to  destroy 
life  after  the  last  traces  of  the  poison  have  been  eliminated 
from  the  system. 

Cumulative  Action. — The  action  of  a  poison  or  medicine 
may  be  cumulative  either  in  the  sense  that  repeated  small  doses 
produce  effects  different  from  those  which  would  result  from  the 
administration  of  a  single  dose,  even  much  greater  in  amount; 
or  in  the  sense  that,  during  the  administration  of  small  doses, 
the  effects  of  a  single  large  dose  may  be  produced.  In  the  first 
sense  all  medicines  and  poisons  are  certainly  "cumulative,"  and 
so-called  "chronic"  poisonings  are  the  results  of  such  repeated 
small  doses.  The  occurrence  of  poisonings  cumulative  in  the 
other  sense  is  most  exceptional.  It  is  stated  that  the  glucosids 
of  digitalis  "  have  the  remarkable  property  that  during  the  con- 
tinued administration  of  small  doses  the  effects  of  a  single  large 
dose  appear. "2  The  same  is  said  to  be  the  case  with  colchicin.' 
Carbon  .monoxid  is  distinctly  a  cumulative  poison,  and  after  dea1;h 
the  blood  is  frequently  found  to  contain  a  larger  proportion  of  the 
gas  than  existed  in  the  inspired  air  (see  p.  1123). 

'  C.  rend.  Soc.   Biol.,  Par.,  1S93,  ^  Husemann    u.    Hilger:    "Pflan- 

9  s.,  v.,  277.  zenstoffe,"  p.  1240. 

'Lewin:  "Toxikol.,"  7. 


CONDITIONS    OF    THE    SUBJECT.  99 

Idiosyncrasy-Intolerance. — By  idiosyncrasy  in  the  medi- 
cal sense,  or  idiocrasy,  is  understood  a  peculiar  susceptibility, 
causing  peculiarities  of  effect  from  the  ingestion  of  certain  sub- 
stances, and  from  external  influences.  Idiosyncrasies  of  odor, 
taste,  smell,  and  sound  are  not  of  interest  here. 

Many  instances  are  recorded  of  persons  upon  whom  ordinary 
articles  of  diet  produce  most  unusual  effects.  Strawberries  have 
been  known  to  cause  febrile  symptoms  and  convulsions.  A  case 
is  reported  by  Fergus'  of  a  person  who  on  three  different  occa- 
sions experienced  severe  symptoms  on  merely  tasting  a  straw- 
berry. Once,  in  less  than  three  minutes,  failure  of  the  heart's 
action  set  in  and  prolonged  fainting  ensued.  Lobsters  and 
oysters  have  been  frequently  known  to  cause  urticaria,  and  we 
have  met  with  a  lady  in  whom  the  most  violent  attacks  of  vom- 
iting and  sickness  always  followed  the  eating  of  a  cooked  oyster, 
while  the  raw  bivalve  could  be  eaten  in  moderate  quantity 
with  impunity.  Honey  has  been  known  to  cause  severe  poison- 
ing in  several  cases.  In  these,  however,  the  toxic  effects  are 
traceable  to  the  fact  of  the  bees  frequenting  poisonous  plants, 
as  in  the  case  of  the  honey  of  Trebizonde,  collected  from  a  spe- 
cies of  rhododendron,  the  Azalea  pontica.^  Cocoa  and  beans 
have  also  been  known  to  cause  poisoning  in  some  persons.^ 

Medicinal  and  toxic  agents  also  act  more  energetically  than 
usual  upon  certain  persons,  and  in  some  cause  symptoms  vary- 
ing from  those  usually  produced.  The  wide  variations  in  the 
symptomatology  of  arsenical  poisoning  may  be  cited  in  support 
of  the  latter  statement.  Instances  of  intolerance  of  certain 
drugs  are  frequently  met  with:  rhubarb,  manna,  and  even 
mineral  waters  have  been  known  to  produce  violent  vomiting 
and  purging  in  small  doses;  the  balsams  and  turpentines  occa- 
sionally produce  urticaria;  belladonna,  even  in  very  small  doses, 
has  caused  a  scarlatinal  rash  and  toxic  symptoms,  and  even  the 
application  of  the  ordinary  belladonna  plaster  has  produced  di- 
latation of  the  pupil  and  marked  dryness  of  the  throat.  Idiosyn- 
crasies with  regard  to  the  action  of  mercurials,  quinin,  and  Ep- 
som salt  have  also  been  observed. "*     It  is  particularly  with  the 

'Lancet,  1869,  ii.,  563.  iii.,  399.     Coleman:  New  Jersey  M. 

=  Pavy:     "Food    and    Dietetics,"       Reptr.,  Burlington,  1S52,  vi.,  46. 
Phila.,     1S74,     p.     321.     See     also  ^  Kobert:  "Intoxikationen,"  23. 

Bidie:  Madras  Q.  J.  M.  Sc,   1861,  "See  MacDonnell:  "Wood's  Ref- 
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modern  synthetic  remedies,  chloral,  chloroform,  sulfonal,  etc., 
that  marked  variations  in  the  action  upon  different  individuals, 
and  even  upon  the  same  individual  at  different  times,  have  been 
observed.  It  is  probable,  however,  that  in  many  of  these  cases 
the  amount  of  the  dose  actually  taken,  or  the  purity  of  the 
product,  is  questionable,  or  some  other  cause  of  death  was  also 
present.'  The  following  statement  of  LeydeP  concerning  the 
toxic  action  of  non-synthetic  poisons  is  in  the  main  correct: 
"That  in  adults  a  peculiar  idiosyncracy  toward  particular  poi- 
sonous substances  exists  is  not  as  yet  proven.  Reference  is  had, 
as  a  rule,  to  the  different  methods  of  application,  which  in  the 
case  described  causes  a  more  rapid  and  more  powerful  action, 
than  in  others  in  which  equally  large  doses  are  in  question." 

Vibert^  has,  however,  reported  an  occurrence  which  shows 
that  not  only  may  the  power  of  resistance  to  equal  quantities  of  a 
poison  be  different  in  different  individuals,  but  also  in  the  same 
individual  at  different  times  under  apparently  like  conditions: 
A  man,  his  wife,  and  a  girl  of  twenty  years  each  took  a  glassful  of 
wine  to  which  aconitin  had  been  added,  in  the  morning,  on  empty 
stomachs.  The  woman  was  attacked  with  aconitic  symptoms, 
aiid  died  in  about  one  and  one-half  hours.  The  man  and  girl 
only  experienced  slight  and  temporary  effects.  The  same  evening 
the  man  and  girl  and  another  man  each  took  the  same  quantity 
of  the  same  wine  under  the  same  conditions  as  previously.  All 
were  attacked.  The  first  man,  practically  unaffected  in  the 
morning,  died,  the  girl  was  slightly  affected,  and  the  second  man 
died.  The  conditions  were  as  nearly  as  possible  alike  in  the 
several  cases. 

Habit-Tolerance. — A  much  more  important  condition  is 
the  tolerance  of  certain  poisons  which  is  gradually  established 
by  their  habitual  use.  The  increasing  quantity  of  morphin  or 
of  the  opiates  which  is  taken  by  those  addicted  to  the  opium 
habit  is  well  known,  and  quantities  are  finally  taken  by  them 
which  would  suffice  to  destroy  several  non-habituated  persons, 

iv.,  2  Ascherson:  Wchnschr.  f.  d.  '  In  this  connection  see  Bora- 
ges. Heilk  1837  m.,  817.  Betan-  triiger:  Viertljschr.  f.  ger.  Med.,  n. 
court:  PhiL  Med  Times,  1881-82,  P.,  18S9,  Hi.,  306-323;  1890,  liii., 
xn.,  72.  Ford:  Mich.  Med.  News,  19-66.  ... 
1S7S,  i  98  Franfois;  Gaz.  m6d.  d.  ^  "Leitfaden  d.  ger.  Med.,"  Berlin, 
Strassb.,    1863,    xxiii.,   77.     Smith,  1895,  107. 

■■•  ^i'^?'^;^^"'-   •^°"™-'   1876-77,  'Ann.  d'hyg.,  1899,  3S.,xli.,308. 
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and  would  have  proved  fatal  to  them  if  taken  at  the  outset. 
Habitual  use  of  alcohol,  hashish,  cocain,  nicotin,  arsenic, 
chloral,  etc.,  also  establishes  a  tolerance  of  those  poisons.  Not 
only  that,  but  the  poison  becomes  a  necessity,  the  deprivation  of 
which  causes  serious  effects,  in  some  instances,  as  with  ar- 
senic, resembling  those  produced  in  normal  individuals  by  the 
ingestion  of  a  poisonous  dose  of  the  same  poison.  It  is  probable 
that  a  similar  habituation  may  be  produced  with  many  poisons 
and  medicines  other  than  those  customarily  used  by  toxicopha- 
gists.  Thus  Kobert'  refers  to  a  feast  in  China  at  which  all  the 
Europeans  were  attacked  with  purging,  while  all  the  Chinese 
remained  unaffected,  in  consequence  of  the  food  having  been 
broiled  ■vC'ith  castor  oil  according  to  the  Chinese  custom. 

The  immunity  from  the  action  of  poisons  established  by 
habit  is,  however,  never  complete,  and  when  the  dose  taken 
surpasses  a  certain  limit  the  symptoms  of  poisoning  are  mani- 
fested. Numerous  deaths  of  morphin,  cocain,  chloroform,  and 
arsenic  habitu6s  caused  by  overdoses  have  been  recorded. 

Portier  and  Richet^  found  that  dogs  treated  with  glycerol 
extracts  of  the  tentacles  of  actinia  are  more  sensitive  to  the 
action  of  that  venom  than  dogs  not  so  treated,  a  condition  to 
which  they  give  the  name  "anaphylaxia."' 

Action  of  the  Liver  upon  Poisons. — By  an  elaborate 
series  of  experiments  and  observations,  Roger*  has  demonstrated 
that  the  liver  acts  as  a  protector  of  the  organism  against  poi- 
soning; that  most  of  the  substances  carried  to  it  by  the  portal 
vein  are  arrested,'  some  are  retained,  others  ehminated,  and 
others  profoundly  modified.  Many  mineral  substances,  such  as 
iron,  copper,  lead,  arsenic,  etc.,  accumulate  in  its  parenchyma, 
and  alkaloids,  nicotin,  quinin,  morphin,  cocain,  atropin,  hy- 
oscyamin,  strychnin  and  veratrin,  and  curare  and  ammonia 
are  arrested  in  their  absorption  by  the  liver.  Injections  of  these 
poisons  into  the  portal  vein  act  with  only  half  or  a  third  the  in- 
tensity of  similar  quantities  injected  into  the  jugular.  The 
peptones,  putrid  poisons,  and  the  toxic  products  of  intestinal 

'  "Intoxikationen,"  p.  23.  'See     further    with     regard    to 

^C.  r.  Soc.  de    biol.,   1902,  Hv.,  habituation     "Arsenic"     p.    513, 

548;  Richet:  Arch,  di  fisiol.,  1903-4,  "Morphin"     p.     959;     Hausmann: 

i,  129;  C.  r.  Soc.  de  biol.,  1905,lviii.,  Ergebn.  d.  Physiol.,  1907,  vi.,  58. 

109,  955;   Ann.  de    I'lnst.  Pasteur,  *  "Action  du  foie  sur  les  poisons," 

1907,  XX.,  7.  Paris,  1887. 
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fermentations  are  also  arrested  by  the  liver.  The  normal  portal 
blood  of  the  dog  has  double  the  toxic  power  of  the  blood  of  the 
hepatic  veins  of  the  same  animal  when  injected  into  the  periph- 
eral circulation  of  rabbits.  The  protecting  influence  of  the 
liver  is  directly  proportionate  to  the  amount  of  glycogen  present. 
This  accumulation,  or  deposition  of  poisons  in  the  liver,  which 
renders  that  organ  the  best  situation  in  the  cadaver  for  the  de- 
tection of  absorbed  poison,  can  only  be  explained  on  the  suppo- 
sition of  the  conversion  of  the  dissolved  poison  into  a  less  sol- 
uble combination,  which  is  deposited.  That  such  compounds 
are  formed  in  the  liver  and  elsewhere  has  been  demonstrated. 
The  metallic  poisons  combine  with  proteins  to  form  sparingly 
soluble  albuminates,  and  de  I'Arbre'  has  shown  that  many 
alkaloids  form  compounds  with  the  biliary  acids,  which  are 
for  the  most  part  difficultly  soluble.  Roger^  considers  it  probable 
that  the  alkaloids  may  enter  into  combination  in  the  liver  with 
glycogen  to  form  sparingly  soluble  conjugate  compounds  similar 
to  the  glucosins  obtained  by  Tanret'  by  the  action  of  glucose  and 
ammonia  upon  each  other  under  pressure.  Stassano*  has  shown 
that  the  nucleins  of  parenchymatous  organs,  such  as  the  liver, 
and  of  leucocytes  combine  chemically  with  silver,  arsenic,  and 
strychnin.  It  has  been  demonstrated  that  the  quantity  of 
glycogen  in  the  liver  is  rapidly  diminished,  frequently  to  the 
point  of  entire  disappearance,  by  the  action  of  many  poisons, 
such  as  arsenic,  antimony,  phosphorus,  morphin,  strychnin,  and 
chloroform;^  and  that  with  several  poisons,  such  as  chloroform, 
carbon  monoxid,  etc.,  the  disappearance  of  glycogen  is  ac- 
companied by  glycosuria.  Kiilz"  has  found  that  in  rabbits 
strychnin  causes  the  disappearance  not  only  of  the  liver  glycogen, 
but  also  the  much  more  resisting  muscle  glycogen,  which  he  at- 
tributes to  the  muscular  activity  due  to  the  tetanizing  action  of 
the  poison.  Ammonium  carbamate  when  injected  into  the 
circulation  of  dogs  in  doses  of  0.5  gm.  per  kilo  causes  violent 
poisoning,   with  epileptiform  and   tetanic   manifestations,   and 

'  "  Verbind.    einzelner    Alkaloide  Anat.,  etc.  Berlin,  1865,  xxxiv.,   79. 

mit   Gallensauren,"   Diss.,   Dorpat.,  Rosenbaum:  Arch.  f.  exp.  Path.  u. 

18^-  .  Ph.,  1SS2,  XV.,  450.  Demant:  Ztsch. 

Loc.cit  f.  physiol.  Ch.,  ISStJ,  X.,  441.     Kim- 

"  Journ.  d.  Ph.  et  de  Chim.,  1SS5,  pel;   Sitzber.   d.   phys.-med.   Gesell. 

o  s.,  xu.,  105.  z.  Wurzb.,  1S03,  135. 

^-C.r.  Ac.  Sc,  1900,  cxxxi.,  72.  »  Marb.   Festschr.,    50iahr.   Jubil. 
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in  somewhat  larger  doses  death;  but,  it  may  be  given  in  very 
much  larger  amount  by  the  stomach  without  any  ill  effects. 
In  dogs,  however,  in  which,  in  consequence  of  Eck's  operation, 
the  blood  passes  from  the  portal  vein  directly  into  the  vena  cava, 
without  traversing  the  liver,  ammonium  carbamate  is  as  actively 
poisonous  when  given  by  the  stomach  as  it  is  when  injected 
directly  into  the  circulation.' 

The  insolubility  of  any  of  the  compounds  whose  formation  in 
the  liver  is  presumed  to  occur  is  not  absolute,  and  consequently 
the  action  of  the  liver  is  not  to  prevent,  but  to  mitigate  the  action 
of  the  poison,  to  extend  the  time  during  which  the  poisonous 
agent  passes  into  the  general  circulation.  Moreover,  the  alka- 
loidal  salts  of  the  biliary  acids,  although  difficultly  soluble  in 
water,  are  readily  soluble  in  the  presence  of  an  excess  of  the  so- 
dium salts  of  the  same  acids  which  exist  in  the  bile;  audit  is  well 
known  that  not  only  alkaloidal,  but  other  poisons  enter  into  the 
bile  and  are  thus  discharged  into  the  intestine  to  be  either  ex- 
creted with  the  feeces  or  reabsorbed  gradually  and  during  several 
hours  later. 

Antidotal  Actions  by  the  Animal  Economy  Itself." — 
Many  poisons,  after  introduction  into  the  body,  are  to  a  greater 
or  less  extent  converted  by  chemical  reactions  into  compounds 
whose  toxic  powers  are  less  marked.  These  changes  are  brought 
about  by  several  different  methods.  In  some  cases  it  is  a  mere 
neutralization,  as  when  absorbed  acids  are  converted  into  their 
alkaline  salts.  By  oxidation  phosphorus  is  to  some  extent  con- 
verted into  the  phosphates,  which  are  normal  constituents  of 
the  body,  and  the  highly  poisonous  sulfids  are  oxidized  to  the 
harmless  sulfates.  By  reduction  potassium  chlorate  is  con- 
verted into  the  much  less  poisonous  chlorid;  and  chloral  [tri- 
chloraldehyde,  (C0H,CCl3)]  is  first  reduced  to  trichloralcohol 
(CH20H,CCl3),  which  is  subsequently  further  modified  as  de- 
scribed below;  by  synthesis  or  formation  of  conjugate  deriv- 
atives. Thus  the  poisonous  phenols  combine  with  the  sulfates 
to  produce  non-poisonous  ester-sulfuric  acids  which  appear  in 
the  urine;  the  camphors,  naphthols  and  chloral,  are  eliminated  in 
the  form  of  conjugate  derivatives  of  glucuronic  acid  (CgHmO,); 

'  Hahn,    Massen,     Neucki    and      '      See  also  under  Cocain,  p.  905, 
Pawlow:  Arch.  f.  exp.P.andP.,  1892,       and  Strychnin,  p.  1053. 
xxxii,  161. 
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benzoic  and  salicylic  acids  and  their  congeners  form  non-poison- 
ous glycocol  conjugates;  and  bromobenzene  combines  with  mer- 
capturic  acid.  By  decomposition  certain  poisonous  glucosids  are 
split  up  into  non-poisonous  substances. 

The  seat  of  these  transformations  in  the  body  has  been  de- 
termined only  imperfectly.  Some,  such  as  the  conversion  of 
benzoic  into  hippuric  acid,  take  place  in  the  kidneys.  The  liver 
is  probably  an  active  agent  in  this  respect,  and  is  known  to  be 
the  seat  of  the  formation  of  the  glucuronic  conjugates.  Other 
changes,  particularly  decompositions  such  as  that  of  the  gluco- 
sids, occur  in  the  alimentary  canal.  The  spleen  appears  to  exert 
a  certain  degree  of  disintoxicating  action  upon  certain  alkaloids, 
including  strychnin,  morphin  and  atropin.^ 

It  would  appear  that  certain  tissues  during  life  exert  a  disin- 
toxicating action  upon  certain  poisons,  notably  upon  strychnin. 
Czylharz  and  Donath,^  experimenting  upon  guinea-pigs,  found 
that  when  an  extremity  is  tightlj^  ligated,  and  a  certainly  lethal 
dose  of  strychnin  is  injected  distally,  on  removal  of  the  ligature 
in  one  to  four  hours  the  animal  remains  perfectly  healthy; 
from  which  they  conclude  that  the  subcutaneous  cellular  tissue, 
the  muscles,  or  the  blood  or  lymph  has  the  power  to  neutralize 
strychnin  during  life.  Previously  Widal  and  Nobecourt^  had 
found  that  by  trituration  with  cerebral  tissue  or  liver  pulp 
shortly  after  death  the  toxic  power  of  strychnin,  and  to  less  de- 
gree of  morphin,  is  notably  diminished;  and  according  to  Sano,* 
the  disintoxication  is  greater  with  the  gray  of  the  motor  cortex 
than  with  that  of  the  sensory.  Although  the  method  of  disin- 
toxication is  unknown,  it  seems  probable  that  combination  of 
strychnin  with  nucleins,  observed  to  occur  by  Stassano,^  may 

•  Nicholas  and  Beau:     C.  r.  Soc.  xxii.,  479;  Kleine:  Ztschr.  f.  Hyg., 

de  bioL,  1900,lii.,881;  J.de  physiol.,  1901,  xxxvi.,  1;  Czylharz:  Ztschr.  f. 

1901,  iii.,  68,  951.  Heilk.,   1901,  xxii.,    156;  Pellacani: 

^  Ctbl.f.inn.  Med.,  1900,  xxi.,  321;  Arch.  f.  exp.  P.  u.  P.,  1908,  Supbd. 

Ztschr.    f.    Heilk.,     1901,    xxii.,     1.  419. 

See   also:    Meltzer   and   Longmann:  ^  Bull,  et  m^m.  Soc.  mcSd.  d.  hop. 

Cbl.  f.  inn.   Med.,    1900,   xxi.,   929:  de  Paris,  189S,  3  S.,  xv.,  182.     See 

Med.  News,    1900,    Ixxvii.,    685;    J.  also:   Ottolenghi:   Rif.   med.,    1897, 

Med.    Res.,    1903,    N.    S.,    iv.,    19;  xiii.,  pt.  iv.,  2;   Arch.   ital.  de  biol. 

Thomot    and    Brouardel:    Bull,    et  1898,  xxix.,  336;  Brunner:  Fortschr. 

m6m.   Soc.   m6d.   d.   hop.   de  Paris,  d.  Med.,  1899,  xvii     7. 

1900,  3  S.,  xvii.,  896;  Severi:  Jbt.  'i  Pflug.  Arch.,  1908,  cxxiv.,  369. 

u.  d.  F.d.Thierch.,  1900,  XXX.,  119;  =  C.  r.  Ac.   sc,    1900,   cxxxi.,  72. 

Baruchello:  /ftid.,   1901,   xxxi.,   114;  See  also:  Hatcher:    Amer.    Ph.    J., 

Carrara:    Cbl.    f.    inn.    Med.,    1901,  1902,  Ixxiv.,  283. 
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have  something  to  do  with  it.  But  Thoinot  and  Brouardel' 
state  that  a  similar  disintoxication  of  strychnin  is  also  produced 
by  trituration  with  numerous  indifferent  substances. 

It  is  clear  that  with  the  organic  poisons  the  occurrence  of 
such  transformations  in  the  system  is  of  great  forensic  interest. 
The  organic  poison  found  by  the  chemist  in  the  cadaver  in  the 
form  in  which  it  was  administered  is  only  the  residue  which  has 
escaped  modification,  and  it  is  quite  conceivable  that  the 
transformation  may  have  been  complete,  so  that  only  the  prod- 
ucts of  the  chemism  of  the  system  upon  the  substance  introduced 
remain.  As  the  exact  nature  of  these  products  derived  from 
many  organic  poisons  is  as  yet  unknown,  and  the  possibility  of 
their  formation  from  other  substances  than  the  poisons  from 
which  they  are  known  to  be  derived  is  in  most  instances  still 
unexcluded,  the  difficulties  in  the  way  of  proving  the  presence 
of  absorbed  organic  poisons  are  great,  except  with  a  few  which 
resist  modification  or  whose  changes  in  the  body  have  been 
more  carefully  studied. 

Compound  Poisoning. — When  two  or  more  poisons  are 
taken  together  or  in  rapid  succession,  the  action  of  each  may  be 
modified  by  that  of  the  other  or  others;  but  in  what  znanner  and 
to  what  extent  cannot  be  predicted,  save  in  some  exceptional 
instances.  The  variations  in  the  combined  effects  of  strychnin 
and  morphin  are  well  illustrated  in  the  following  cases:  A 
man,  twenty-nine  years  of  age,  took  0.2  gm.  (gr.  iij.)  of  strych- 
nin, 3.9  gm.  (3i.)  of  opium,  and  an  unknown  quantity  of 
quinin.  Twelve  hours  after  he  complained  only  of  "feeling 
queer."  Later  he  manifested  symptoms  of  strychnin  poisoning 
of  a  mild  type;  after  which  he  became  profoundly  narcotized 
and  died  forty  hours  after  taking  the  poison.^  Marvin^  has 
reported  a  case  in  which  death  was  caused  by  0.65  gm.  (gr.  x.) 
each  of  morphin  and  strychnin,  and  in  which  the  symptoms 
of  morphin  poisoning  could  hardly  be  recognized.  In  Beatty's 
case*  a  woman  of  twenty-two  years  took  0.1  gm.  of  strychnin 
(a  packet  of  Battle's  vermin  killer),  and  immediately  afterward 
7.4  CO.    (5ij-)  of  laudanum,  and  then  2  gm.  (3ss.)  of  red  pre- 

'  Bull,  et  mim.  Soo.  m^d.  d.  hop.  '  Chicago  Med.  Journ.,  1860,  xviii. 

de  Paris,  1898,  3  S.,  xv.,  276.     See       635. 

also  Abelous:     C.   r.  Soc.   de  biol.,  'Med.    Herald,    Louisville,    1879, 

1898,  10  S.,  v.,  398.  i.,  4. 

*  Lancet,  1871,  ii.,  907. 
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cipitate.  In  three  hours  she  was  found  suffering  from  narcotic 
poisoning.  She  recovered  under  treatment,  and  at  no  time  mani- 
fested any  symptoms  of  strychnin  poisoning.  Almost  the  same 
proportion  of  strychnin  and  laudanum  were  taken,  with  very 
different  results,  in  a  case  reported  by  Harrison:'  A  man  of 
fifty-four  years,  who  had  been  drinking,  took  a  package  of 
Battle's  vermin  killer  (0.1  gm.  strychnin)  and  5.6  c.c.  (5iss.) 
of  laudanum.  In  an  hour  he  had  a  spasm,  and  afterward  had . 
violent  tetanic  convulsions,  from  which  he  recovered  under  treat- 
ment, without  having  manifested  any  symptom  of  narcotic  poi- 
soning. A  case  intermediate  in  character  between  these  has 
been  reported  by  King,^  of  a  man  of  seventy  years  who  took 
0.26  gm.  (gr.  iv.)  of  morphin  and  "some"  strychnin.  He 
suffered  violent  tetanic  spasms  and  during  the  intervals  had  all 
the  symptoms  of  opium  poisoning.  After  a  most  violent  con- 
vulsion he  went  to  sleep  and  slept  nine  hours,  and  subsequently 
recovered. 

A  similar  variation,  although  not  so  marked,  has  been  ob- 
served in  three  cases  of  poisoning  by  compound  liniment  of 
belladonna  and  aconite,  in  which,  clearly,  the  relative  propor- 
tion of  the  two  poisons  was  the  same,  although  the  absolute 
quantity  varied  with  the  dose.^  In  Simpson's  case  the  pupils 
are  said  to  have  been  contracted,  although  both  belladonna  and 
aconite  cause  dilatation. 

When  one  poison  is  given  before  another  the  effects  of  that 
last  administered  may  be  modified.  Thus  Preyer*  has  shown 
that  animals  under  the  influence  of  atropin  are  not  killed  by 
doses  of  hydrocyanic  acid  sufficient  to  cause  the  death  of  indi- 
viduals not  so  prepared,  and  Stille=  states  that  double  the  quan- 
tity of  hydrocyanic  acid  necessary  to  cause  death,  injected  hy- 
podermically  into  a  dog  under  the  influence  of  ether,  failed  to 
produce  any  evidence  of  poisoning  for  three-quarters  of  an  hour 
during  which  ether  was  being  inhaled,  but  caused  the  usual 
symptoms  of  poisoning  and  death  on  cessation  of  the  etherization. 
Or  if  atropin  be  administered  first  and  morphin  afterward,  the 
quantities  may  be  so  adjusted  that  the  influence  of  the  morphin 

'  {6*£^:,  1882,  i.,  780.  ISSS,  i.,  694.     Simpson:  Ibid.,  1SS2, 

"  Louisville  Med.  News,  1880,  x.,  i.,  774. 
^6?„-  ,       ,  *"Die  Blausaure,"  i.,  73. 

loo.    ''■    '■'^'^""^   Brit.   Med.  Journ.,  MVIiarton    and     StiU^:     "Med. 

1885,     1.,     327.     Lipscomb:     Ibid.,  Jur., "  4th  ed.,  ii.,  62. 
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upon  the  pupil  will  be  masked  and  the  clinical  history  of  the 
case  will  record  a  combination  or  succession  of  effects  of  the 
two  alkaloids. 

If  the  substances  administered  differ  materially  in  the  rapid- 
ity of  their  action  the  victim  may  either  succumb  to  the  more 
rapidly  acting  poison  or  corrosive,  without  having  manifested 
the  symptoms  of  that  which  behaves  more  slowly,  or  may  re- 
cover from  the  effects  first  caused  and  subsequently  die  from  the 
action  of  the  slower  poison.  Thus  Ludwig"-  cites  the  case  of  a 
man  who  died  in  five  hours  from  the  effects  of  caustic  potash 
which  he  had  taken  along  with  Paris  green  and  phosphorus. 
And  Maclaren^  reports  the  case  of  a  man  of  twenty-two  years, 
who  took  a  combination  of  strychnin  and  phosphorus,  and  after 
having  recovered  completely  from  a  violent  attack  of  strychnin 
poisoning,  died  in  five  days  with  all  of  the  symptoms  caused  by 
phosphorus.  When  complex  mixtures  containing  several  poi- 
sonous ingredients  are  taken,  life  may  be  prolonged  for  a 
longer  period  than  is  usual  in  fatal  poisonings  by  the  most  active 
ingredient,  and  death  may  result  after  an  illness  the  clinical 
history  of  which  is  rather  a  combination  or  succession  of  the 
effects  of  the  different  constituents  of  the  mixture  than  that 
of  any  one.  A  case  illustrating  this,  in  which  a  woman  of 
sixty-eight  years  died  in  four  days  from  the  effects  of  a  dose  of 
chlorodyne,  has  been  reported  by  Leighton.^  Much  will,  how- 
ever, depend  upon  the  magnitude  of  the  dose  of  a  given  mixture. 
Thus  while  in  most  cases  of  chlorodyne  poisoning  (see  Opium) 
the  clinical  history  is  either  of  the  complex  type  just  referred 
to  or  that  of  profound  narcotism,  in  Browne's  case*  of  a  man 
who  committed  suicide  by  swallowing  three  bottles  of  chloro- 
dyne, the  patient  was  found  in  a  dying  condition  and  expired 
soon  after  with  manifestations  of  a  distinctly  cyanic  character. 

Sometimes  an  organism  permanently  under  the  influence  of  a 
certain  poison  is  thereby  rendered  more  susceptible  to  another. 
Thus  alcoholics  are  very  liable  to  poisoning  by  chloroform,  and 
morphinists  to  the  toxic  action  of  cocain. 

1  Med.  Jahrb.,  1880  (reprint).  =  New  Engl.  Med.  Mthly.,  1882-83, 

2  Glasgow  Med.  Journ.,  1881,  xv.,      ii.,  270. 

320.  "  Austral.   Med.   Journ.,    1879,   n. 

s.,  i.,  587. 
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ELIMINATION  OF  POISONS. 

Poisons  existing  in  the  blood  of  living  beings  are  separated 
therefrom  and  discharged  from  the  body,  either  in  the  state  in 
which  they  were  taken  or  in  a  more  or  less  modified  form,  by 
all  of  the  excretory  organs,  and  by  other  channels  not  physio- 
logically excretory.  The  mere  expulsion .  of  the  contents  of 
the  stomach  by  vomiting  shortly  after  the  introduction  of  the 
poison  or  of  the  intestinal  contents  by  primary  diarrhoea  is 
not,  strictly  speaking,  elimination,  but  operates  rather  to  pre- 
vent absorption.  Later,  however,  the  excretory  action  of  the 
stomach  and  intestines  becomes  notable  with  some  poisons,  such 
as  arsenic,  mercury,  and  iodin.  The  latter,  when  administered 
by  other  channels,  is  eliminated  principally  by  the  gastric 
folHcles  and  vomiting.  Morphin  and  alcohol  also,  when  injected 
hypodermically  or  intravenously,  are  eliminated  in  part  by  the 
stomach.  According  to  Stassano,^  mercury,  arsenic,  strychnin, 
and  morphin  are  eliminated  by  the  stomach  and  upper  intestines, 
but  not  by  the  rectum,  the  first  two  named  being  in  combination 
with  nucleins  in  a  form  insoluble  in  the  gastric  secretion.  Mer- 
cury during  its  elimination  by  the  large  intestine  produces 
characteristic  lesions. 

As  a  rule,  elimination  takes  place  principally  by  the  urine, 
except  with  gaseous  poisons,  which  are  eliminated  mainly  by 
the  lungs.  The  excretory  function  of  the  liver  also  plays  an 
important  part  in  the  elimination  of  many  poisons  which  pass 
into  the  bile,  and  are  so  either  separated  in  the  alvine  dejections 
or  reabsorbed  in  a  modified  form  to  be  subsequently  eliminated  by 
the  kidneys.  P^limination  also  takes  place  bj-  the  perspiration, 
the  serum  of  vesications  and  of  serous  effusions,  the  saliva,  the 
pancreatic  and  intestinal  secretions,  and  the  milk.  In  chronic 
arsenical  poisoning  an  important  method  of  elimination  is  by  the 
loss  of  hair,  and  even  of  nails,  and  exfoliation  of  epidermis  which 
occur,  and  in  the  secretions  of  the  laryngo-branchial  epithelium. 
The  leucocytes  not  only  remove  deleterious  bacteria  by  their 
phagocytic  action,  but  also  aid  in  the  elimination  of  many  poisons. 

The  duration  of  elimination  and  the  relation  between  the 
rapidity  of  absorption  and  that  of  elimination  are  questions  of 
great  forensic  and  clinical  interest.  The  beginning  of  elimina- 
'  C.  r.  Soc.  de  biol.,  1902,  liv.,  1 100. 


ELIMINATION    OF    POISONS.  109 

tion  is  probably  coincident  with  or  very  shortly  follows  the 
beginning  of  absorption.  Potassium  iodid  may  be  detected  in 
the  urine  ten  minutes  after  its  administration;  and  potassium 
ferrocyanid  has  been  found  in  the  same  excretion  two  minutes 
after  having  been  swallowed.  The  rapidity  of  elimination  and 
its  duration  vary  with  different  poisons,  and  also  with  the  same 
poison  according  to  the  form  and  manner  in  which  it  is  taken, 
and  variations  in  the  species  and  physiological  conditions  of  the 
subject.  As  a  rule,  metallic  poisons  are  eliminated  more  slowly 
than  alkaloidal  or  synthetic  poisons.  Mineral  poisons  are  also 
usually  eliminated  more  slowly  when  administered  in  repeated 
small  doses  than  when  taken  in  a  single  dose.  Silver  may  be 
deposited  in  the  tissues  as  metal  and  remain  indefinitely.  With 
some  poisons,  such  as  the  copper  salts,  absorption  is  rapid  and 
elimination  quite  slow.  With  others  the  rapidity  of  elimination 
as  compared  with  that  of  absorption  from  the  intestinal  canal  is 
so  great  that  the  substance,  although  actively  poisonous  when  in- 
jected into  the  circulation,  is  inert  when  given  by  the  stomach. 
Thus  curare  is  non-poisonous  when  swallowed  by  mammals  if  the 
function  of  the  kidneys  is  unimpaired,  but  produces  the  same 
symptoms  of  poisoning  as  it  does  when  injected  into  the  blood 
if  administered  to  an  animal  in  which  the  renal  arteries  have 
been  previously  tied.  The  functional  activity  of  the  kidneys 
consequently  is  an  important  factor  in  influencing  the  effects 
produced  by  a  given  dose  of  poison,  and  persons  whose  kidneys 
are  diseased  may  be  expected  to  suffer  more  serious  effects  than 
those  whose  kidneys  are  normal  from  the  same  dose  of  a  given 
poison,  for  the  same  reason  that  serious  disease  of  the  kidney 
causes  auto-intoxication;  i.e.,  deficient  elimination  of  the  poison. 
The  rapidity  of  renal  elimination  is  diminished  and  its  dura- 
tion is  increased  with  the  age  of  the  individual.  Brouardel' 
administered  a  gram  of  salicylic  acid  during  a  day  to  each 
of  three  healthy  persons,  aged,  respectively,  twenty,  forty- 
five,  and  seventy  years.  The  acid  was  detectable  in  the  urine 
of  the  first  in  one  hour  after  breakfast,  in  that  of  the  second  in 
the  evening,  and  in  that  of  the  third  only  on  the  third  day. 
The  elimination  was  completed  in  the  first  the  day  after  the 
administration,  in  the  second  in  four  days,  and  in  the  third  in 
nine  days. 

'Ann.  d'hyg.,   1894,  3  s.,  xxxii.,  483. 
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The  rapidity  of  absorption  and  its  relation  to  that  of 
eUmination  for  a  given  poison  appears  to  differ  in  different 
species  of  animals.  Thus  Molitoris  attributes  the  immunity  of 
hens  to  strychnin  to  the  facts  that  that  poison  is  very  slowly  ab- 
sorbed from  the  alimentary  canal,  and  that  the  organism  has  the 
power  of  eliminating  relatively  large  quantities  in  a  form  which 
although  bitter  is  not  toxic' 

TREATMENT  OF  POISONING.' 

Removal  of  Cause. 

The  first  indication  in  a  case  of  true  poisoning  is  the  re- 
moval from  the  system  of  any  poison  which  may  yet  remain 
unabsorbed,  or  its  conversion  into  some  insoluble  or  inert  deriva- 
tive or  compound.  The  former  end  is  attained  by  the  adminis- 
tration of  emetics  or  purgatives  or  by  physical  means;  the  lat- 
ter by  the  action  of  the  so-called  chemical  antidotes. 

Removal  of  the  Poison  from  Wounds. — As  absorption 
from  wounds  is  very  rapid,  attempts  at  the  removal  of  poisons 
so  introduced  must  be  made  soon  after  the  introduction  to  be  of 
any  avail.  The  means  adapted  to  this  end  are  squeezing  or 
sucking  out  the  poison,  or  washing  it  out,  preferably  with  dilute 
hydrogen  peroxid  if  the  presence  of  putrid  substances  or  bacteria 
be  suspected;  the  application  of  tincture  of  iodin  to  "post- 
mortem" or  "dissection"  wounds;  and  the  application  of  the 
actual  cautery  to  the  poisoned  wounds  inflicted  by  venomous 
animals.  If  the  wound  be  in  an  extremity  the  intensity  of  the 
poisoning  may  be  diminished  if  a  ligature  be  placed  to  com- 
press the  veins  above  the  injury  immediately  after  its  infliction, 
and  venesection  practised  below. 

Removal  of  Poison  from  the  Stomach. — This  is  accom- 
plished by  the  action  of  emetics  or  by  mechanical  means, 
which  should  always  be  promptlj^  resorted  to  in  cases  of 
poisoning,^  except  it  be  known  that  the  poison  is  already 
completely  removed  from  the  stomach,  in  which  case  the  admin- 
istration of  emetics  is  not  only  not  beneficial  but  harmful.     Cer- 

'  Verhandl.   d.     Gesellsch.     devit.  =  It  is  usually  to  be  avoided  when 

Naturf.  u.  Aerzte,    1905-6,    Ixxvii.,       a    corrosive    has    been    swallowed. 
2  Th.,  453.  See  p.  23'J. 

'  For   treatment   of   corrosion   by 
acids  and  alkalies  see  pp.  23!),  321. 
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tain  poisons,  notably  morphin  and  arsenic,  pass  into  the  stomach 
quite  rapidly  even  when  administered  hypodermically;  therefore, 
to  prevent  reabsorption  stomach  lavage  should  be  practised,  even 
when  such  poisons  have  been  taken  otherwise  than  by  the  mouth. 

The  most  available  emetic  is  apomorphium  chlorid,  which 
acts  within  three  or  four  minutes,  may  be  always  within  the 
immediate  reach  of  the  physician,  and  may  be  administered  in 
spite  of  the  resistance  of  the  most  obstinate  suicide.  The  phy- 
sician's pocket  case  should  always  contain  compressed  tablets  of 
0.007  gm.  (gr.  1/10)  of  the  official  salt,  one  or  two  of  which  may 
be  dissolved  in  about  thirty  drops  of  water,  and  injected  hypo- 
dermically within  a  very  few  minutes.  Immediately  after  the 
injection  the  usual  mechanical  methods  of  provoking  emesis 
should  be  adopted  if  possible,  such  as  tickling  the  fauces  with 
a  feather,  bending  the  body  forward  and  manipulating  the 
epigastrium  from  the  sides  toward  the  median  line,  and  the  ad- 
ministration of  lukewarm  water  into  which  some  butter  or  lard 
has  been  melted.  If  an  emetic  is  to  be  given  by  the  mouth,  zinc 
sulfate  should  be  used  in  doses  of  1.5  to  2  gm.  (gr.  xx.-xxx.), 
or,  in  cases  of  phosphorus  poisoning,  cupric  sulfate  in  doses  of 
0.2  to  1  gm.  (gr.  iij.-xv.).     Tartar  emetic  should  never  be  used. 

A  more  prompt  and  radical  method  of  removing  poison  from 
the  stomach  is  by  the  use  of  the  stomach  pump  or,  preferably, 
the  siphon.  The  latter  consists  of  a  rubber  tube  of  about  8  mm. 
internal  diameter  and  2  m.  in  length,  one  end  of  which  is  closed 
and  rounded,  and  has  near  it  a  single  lateral  opening.  A  stout 
hard-rubber  ring,  through  which  the  soft-rubber  tube  passes,  is 
desirable  to  insert  between  the  teeth  in  poisoning  by  strychnin 
and  other  poisons  which  cause  trismus.  The  rounded  end,  well 
oiled,  is  introduced  into  the  pharynx  and  pushed  gently  down  the 
oesophagus  into  the  stomach,  with  the  aid,  if  possible,  of  an 
effort  of  swallowing  on  the  part  of  the  patient.  A  funnel  is  now 
placed  in  the  free  endof  the  tube  and  through  it  from  half  a  litre 
to  a  litre  of  lukewarm  water,  or,  preferably  in  poisoning  by  the 
alkaloids,  infusion  of  tea  or  coffee,  is  poured  into  the  stomach, 
the  tube  being  compressed  to  closure  near  the  funnel  before  the 
latter  has  been  completely  emptied.  The  funnel  is  now  removed, 
the  free  end  of  the  tube  depressed  while  still  closed,  and  the  pres- 
sure released,  when  the  contents  of  the  stomach  are  siphoned 
into  a  vessel  placed  for  that  purpose.     More  than  a  litre  of  liquid 
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should  not  be  used  at  one  time,  and  the  operation  may  be  re- 
peated as  many  times  as  may  be  desirable  with  fresh  liquid. 
The  pipe  should  be  introduced  in  adults  to  a  length  of  45  to  50 
cm.  from  the  teeth.  Occasionally  the  opening  of  the  siphon  in 
the  stomach  becomes  plugged  by  solid  particles  of  food  or-  of  the 
poison  too  large  to  enter  it.  In  that  event,  the  tube  should  be 
withdrawn  after  a  few  gentle  movements  in  and  out  for  a  short 
distance  and  of  rotation,  by  which  vomiting  is  usually  mechani- 
cally induced.  A  siphon  may  also  be  extemporized  from  an 
ordinary  oesophageal  sound  having  a  rubber  tube  fitted  to  the 
free  end.  The  sound  should,  however,  have  but  a  single  lateral 
opening,  and  being  of  a  harder  material  than  the  soft-rubber 
siphon  is  not  so  desirable.  The  introduction  of  the  pipe  is  some- 
times interfered  with  by  spasms  of  the  oesophagus.  When  this  oc- 
curs the  end  of  the  pipe  may  be  smeared  with  an  ointment  con- 
taining cocain,  as  suggested  by  Lafosse.^ 

Removal  of  Poison  from  the  Intestine. — If  the  poison 
has  already  passed  into  the  intestine  the  administration  of  a 
purgative  may  be  desirable,  particularly  if  the  substance  taken 
be  known  to  be  one  which  is  slowly  absorbed  from  the  intestine. 
The  purgative  used  should  be  one  which  has  no  solvent  action 
upon  the  poison,  and  if  possible  one  which  tends  to  render  it  less 
soluble.  Thus  castor  oil  should  not  be  given  in  phosphorus 
poisoning,  as  the  oil  dissolves  that  element,  and  sodium  or 
magnesium  sulfate  is  to  be  selected  in  lead  poisoning,  with  a 
view  to  the  formation  of  the  insoluble  lead  sulfate.  A  recto- 
colonic  tube  may  be  used  with  advantage  in  some  instances,  and 
the  rectum  and  colon  washed  out. 

Antidotes  to  Prevent  Absorption. — These  may  act  either 
physically  or  chemically.  The  most  generally  useful  of  those 
acting  physically  is  animal  charcoal  in  moderately  fine  powder, 
which  has  the  property  of  absorbing  and  retaining  alkaloidal 
and  also,  to  a  less  degree,  mineral  poisons.  To  be  of  service  it 
must  be  freshly  burnt  or  must  have  been  kept  in  well-closed  ves- 
sels after  having  been  burnt.  Vegetable  charcoal  possesses  the 
same  property,  but  in  a  much  less  degree.  It  may  be  added  to 
the  liquid  used  in  washing  out  the  stomach.  Either  form  of 
charcoal  is  itself  non-poisonous  and  is  not  contraindicated  in  any 
form  of  poisoning. 

'  Bull.  g(5n.  de  th^rap.,  etc.,  Paris,  1S8.5,  cix.,  128. 
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Albumen,  in  the  form  of  white  of  egg,  is  readily  obtainable 
and  is  never  harmful.  Its  action  is  partly  mechanical  in  im- 
prisoning the  particles  of  a  still  undissolved  poison  and  prevent- 
ing its  adherence  to  the  walls  of  the  stomach,  and  partly  chem- 
ical in  forming  sparingly  soluble  compounds  with  many  of  the 
mineral  poisons  and  with  some  of  those  of  vegetable  origin.  If 
the  albumen  be  not  spontaneously  vomited  after  a  few  moments 
it  should  be  followed  by  an  emetic,  particularly  in  poisoning  by 
corrosive  sublimate,  to  prevent  its  resolution  by  the  gastric 
secretion. 

Milk  is  not  so  advantageous  as  albumen,  as  it  is  distinctly 
contraindicated  in  poisoning  by  phosphorus,  by  reason  of  the 
solvent  action  of  its  fat.  Moreover,  the  proteins  which  it  con- 
tains do  not  combine  with  poisons  so  readily  as  do  those  of 
white  of  egg.  Other  demulcents,  such  as  mucilage,  gelatin, 
tragacanth,  etc.,  act  only  mechanically. 

The  chemical  antidotes  are  administered  with  the  view  of 
forming  sparingly  soluble  or  insoluble  compounds,  such  as 
tannin  produces  with  the  alkaloids,  glucosids,  and  antimony 
and  zinc  compounds;  ferric  hydrate  with  arsenic;  slaked  lime 
with  oxalic  acid;  common  salt  with  silver  nitrate,  etc.,  or  of 
converting  a  harmful  substance  into  one  which,  although  soluble, 
is  comparatively  harmless,  as  magnesia  usta  forms  magnesium 
sulfate  with  sulfuric  acid,  and  vinegar  converts  caustic  potash 
into  potassium  acetate. 

Treatment  to  Favor  Elimination. — This  is  accomplished 
by  infusion  of  physiological  salt  solutions  into  the  veins,  with  or 
without  previous  venesection.  Roger'  has  shown  that  the  elimi- 
nation of  foreign  substances  begins  and  ends  earlier,  if  saline 
solutions  have  been  previously  infused. 

Symptomatic  Treatment. 

To  combat  the  effects  of  absorbed  poison  the  efforts  of  the 
physician  should  be  directed  to  the  counteraction  by  physical  or 
antidotal  means  of  individual  effects  which  are  menacing  to 
life,  and  thus  bridging  over  a  critical  period  until  the  natural 
processes  of  the  economy  have  either  eliminated  the  poison  or 
rendered  it  harmless. 

I  C.  r.  Soc.  de  biol.,  1896, 10  S.,  iii.,      de  Paris,  1905,  2  S.,  xvii.,  28. 
976.     See  also  Martin:  J.   de  m^d. 
IV— 8 
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The  objects  to  be  attained  are  most  frequently  to  prevent 
cessation  of  respiration  or  of  the  heart's  action,  or  to  re-establish 
one  of  those  functions  after  a  short  interruption.  The  phys- 
ical means  adapted  to  these  ends  are: 

Artificial  Respiration.— This  is  one  of  the  most  valuable 
means  of  preventing  death  by  all  poisons  which  affect  the  respi- 
ration. It  should  be  resorted  to  whenever  there  is  threatened 
arrest  of  respiration,  and  should  not  be  abandoned  as  useless  so 
long  as  the  action  of  the  heart  is  perceptible. 

Before  proceeding  with  artificial  respiration  the  freedom  of 
the  upper  air  passages  from  obstruction  must  be  assured. 
Mucus  and  fragments  of  vomited  matter  are  removed  from  the 
pharynx,  if  present,  by  the  finger  covered  with  a  handkerchief. 
In  syncope  and  narcosis  the  tongue  falls  back,  and  pressing 
upon  the  epiglottis  closes  the  entrance  to  the  larynx.  To  free 
this  opening  the  operator,  facing  the  patient,  places  his  two 
thumbs  on  the  two  sides  of  the  upper  jaw  below  the  zygoma, 
and  with  the  fingers  behind  the  angles  of  the  lower  jaw  draws 
it  and  the  attached  soft  parts  as  well  forward  as  possible.'  If 
the  laryngeal  opening  is  closed  by  oedema  which  cannot  be 
overcome  by  the  finger,  intubation  of  the  larynx  may  be  prac- 
tised or  tracheotomy  performed.  The  latter  operation  is  also 
sometimes  called  for  when  the  jaws  are  fixed  by  trismus.  The 
blowing  of  expired  air  into  a  tracheal  tube  is  not  desirable,  ow- 
ing to  its  large  percentage  of  carbon  dioxid.  Air  from  a  bag 
with  properly  constructed  valves  may,  however,  be  used,  pro- 
vided the  apartment  be  warm  and  the  air  be  filtered  through  a 
cotton  plug.  In  most  cases  in  which  artificial  respiration  is 
called  for  pure  oxygen  is  to  be  preferred  to  atmospheric  air. 
If  an  assistant  be  availal^le,  the  best  method  of  artificial  res- 
piration in  cases  of  poisoning  is  that  of  Sjdvester,  combined 
with  Heiberg's  manipulation.  The  patient  is  placed  upon  his 
back;  one  operator,  standing  or  kneeling  astride  the  hips,  leans 
forward  and,  without  pressure  upon  the  body,  holds  the  tongue 
forward  in  the  manner  above  described,  while  the  second,  kneel- 
ing above  the  patient's  head,  seizes  the  arms  near  the  elbows 
and  draws  them  above  the  head,  holds  them  there  for  two  or 
three  seconds,  and  then,  bending  the  arms  down,  presses  them 
against  the  sides  of  the  chest  to  expel  the  air  for  the  same  length 
'  Ileiberg:  Berl.  kl.  Wochenschr.,  1874,  xi.,  449. 
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of  time.  The  movements  are  repeated  about  fifteen  times  a 
minute.  The  operators  should  alternate  with  each  other  and 
will  be  materially  aided  by  a  third  or  fourth,  particularly  in 
opium  poisoning,  in  which  artificial  respiration  may  have  to  be 
continued  for  a  number  of  hours.  A  single  operator  should  se- 
lect Marshall  Hall's  method  while  waiting  for  further  assist- 
ance. He  kneels  beside  the  patient  and  with  the  right  fore- 
finger maintains  the  tongue  depressed  and  drawn  as  far  forward 
as  possible,  while  with  the  left  hand  he  rolls  the  body  upon  its 
face  and  presses  upon  the  abdomen  to  expel  the  air,  then  rolls  it 
upon  the  back  to  permit  entrance  of  air  by  the  return  of  the 
elastic  walls  of  the  chest  to  their  normal  position.^ 

The  faradic  current  is  a  powerful  aid  to  or  substitute  for 
artificial  respiration.  The  cathode  of  a  faradic  battery  of  mod- 
erate power  is  fitted  with  a  double  (bifurcated)  electrode,  the 
two  parts  of  which  are  applied  over  the  phrenic  nerves  on  each 
side  of  the  root  of  the  neck  above  the  clavicles  and  behind  the 
sterno-cleido-mastoid  muscle,  which  is  pressed  somewhat  for- 
ward; the  flat  anode  is  applied  to  the  epigastrium.  The  cur- 
rent is  closed  for  about  two  seconds  at  a  time,  at  intervals  also  of 
two  seconds.  While  the  current  is  closed  the  head,  shoulders, 
and  arms  are  fixed  by  an  assistant,  and  pressure  is  exerted  upon 
the  abdomen  in  the  intervals.  From  time  to  time  a  short  pause 
is  made  in  the  faradization  to  observe  whether  and  to  what  ex- 
tent natural  respiration  is  established. 

When  failure  of  respiration  is  threatened  from  paralysis  of 
the  respiratory  centres  due  to  insufficient  blood  supply,  as  evi- 
denced by  coma  accompanied  by  a  slow,  feeble  pulse,  the  action 
of  gravity  may  be  utilized  to  favor  the  blood  supply  to  the  brain 
by  inclining  the  patient  with  the  head  downward.  This  is  the  op- 
posite to  the  "  ambulatory  treatment"  adopted  in  the  threatened 
coma  from  cerebral  congestion  produced  by  morphin  poisoning. 

The  warmth  of  the  body  must  be  maintained  in  poisonings 
by  agents,  such  as  chloral  and  other  hypnotics  and  narcotics, 
which  cause  diminution  of  the  body  temperature  as  evidenced 
by  the  indications  of  the  thermometer  and  the  coldness  of  the 
nose  and  extremities.  The  room  in  which  such  patients  are 
treated  should  be  warm — not  less  than  70°  F.     Artificial  heat 

1  For  other  methods  of  artificial      Ref.  Handb.  Med.   Sc, "  2d  Ed.  i., 
respiration     see     Small:     "Wood's      559-561. 
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should  not  be  applied  to  the  patient  too  suddenly.  The  temper- 
ature should  be  gradually  raised  by  simply  placing  the  patient 
in  bed  with  sufficient  covering,  and  the  application  of  hot-water 
bottles  or  bags  to  or  near  the  soles  of  the  feet,  or  by  friction 
with  warm  towels.  If  a  warm  bath  be  used  it  should  not  be 
resorted  to  until  after  the  body  temperature  has  approached  the 
normal.  All  liquids  introduced  into  the  body  should  be  pre- 
viously warmed  to  about  100°  F. 

The  use  of  the  cold  douche  or  ice  bags  applied  to  the  head 
in  cases  of  narcotic  poisoning  attended  with  cerebral  congestion, 
as  in  opium  poisoning,  may  diminish  the  sopor  and  tendency  to 
coma,  but,  if  incautiously  applied,  may  operate  detrimentally 
in  .further  diminishing  the  already  low  body  temperature.  If 
they  be  used  the  body  must  be  kept  warm,  either  as  indicated 
above  or  by  immersion  in  a  bath  of  about  100°  F. 

Stimulants  other  than-  warmth  and  electricity  are  frequently- 
indicated — either  mild  stimulants,  such  as  tea  and  coffee,  or  more 
powerful  agents,  such  as  brandy,  ether,  acetic  ether,  or  camphor 
hypodermically.  Inhalation  of  ammonia  serves  as  an  active 
respiratory  stimulant  in  syncope,  but  it  must  be  remembered 
that  death  has  been  caused  by  the  use  of  this  agent  in  too  con- 
centrated a  form  for  this  purpose. 

Transfusion  of  Blood  is  rarely  possible,  and  if  practised  by  the 
older  methods  is  of  questionable  utility  and  attended  with 
danger.  Crile's  method  of  direct  transfusion  has,  however, 
been  used  successfully  in  poisoning  by  illuminating  gas.^ 

Bleeding,  followed  by  infusion  of  a  saline  solution  such  as 
Little's^  in  double  the  quantity  of  the  amount  of  blood  removed, 
has,  however,  been  found  in  experiments  upon  animals  to  be  of 
benefit  in  poisoning  by  hydrocyanic  acid,  carbon  monoxid, 
potassium  chlorate,  amyl  nitrite  and  nitro-benzol,  by  removing 
a  large  proportion  of  the  absorbed  poison  or  of  permanently 
vitiated  blood,  as  well  as  by  accelerating  elimination  by  in- 
crease of  blood  pressure.  This  method  of  treatment  is  referred 
to  by  continental  writers  as  "lavage  of  the  organism"  or  "blood- 
lavage".^ 

'Seep.  1128.  ^Schtvartz:    Berl.   kl.  Wchnschr., 

Sod.  chlor.,    ai.;  potass,  chlor.,  1SS2,   xix.,    536;    Landerer:  Virch. 

gr.   VI.;   sod.   phosph.,  gr.  iij.;  sod.  Arch.,  1886,   ov.,   351;  Ther.  Mtsh.. 

carb.,  jr.    xx.;    alcohol,     5ij.;    aq.  1902,  xvi.,  S;  Schramm:  Wein.  med, 

dest.,  oxx.  jrb.,   1885,  490;  Sanquirico:  Arch. 
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Physiological    Antidotes — Antagonism    of    Poisons.— The 

distinction  between  "  antidotism "  and  "antagonism"  is 
that  in  the  former  the  poison  itself  is  acted  upon,  as  when  mor- 
phin  is  oxidized  by  potassium  permanganate;  in  the  latter  the 
effects  of  the  poison  are  counteracted,  as  when  the  spasms  of 
strychnin  are  allayed  by  chloral  hydrate. 

The  idea  that  for  each  poison  there  is  a  counter-poison  is  as 
old  as  the  Ayur  Vedas,  which  antedate  b.  c.  600,  and  is  not  yet 
eradicated  from  the  popular  mind.  Yet  there  are  no  two  poi- 
sons whose  actions  are  in  all  respects  opposite  or  antagonistic. 
The  nearest  approach  is  with  muscarin  and  atropin,  but  even 
with  them  the  antagonism  is  not  complete,  although  the  admin- 
istration of  atropin  rapidly  counteracts  the  menacing  symptoms 
caused  by  muscarin.  Physiological  antidotes  are  of  value  only 
when  they  tend  to  counteract  an  effect  of  the  poison  which  is 
dangerous  to  life,  as  when  chloral  or  chloroform  is  given  in 
strychnin  poisoning  to  prevent  or  mitigate  the  tetanic  spasms. 
On  the  other  hand,  there  are  many  cases  reported  in  medical 
literature  as  cases  of  morphin  poisoning  which  are  in  truth 
poisonings  by  atropin  and  morphin,  the  former  alkaloid  having 
been  administered  as  a  physiological  antidote. 

An  ideal  physiological  antidote  would  be  one  which  would  act 
chemically  upon  the  poison  in  the  blood  or  tissues  to  form  an 
inert  substance.  We  know,  however,  of  but  one  instance  of 
such  "disintoxication":  that  of  sodium  thiosulfate  toward  mal- 
onic  nitril,  in  which  the  poisonous  cyanogen  group  is  converted 
into  the  practically  inert  thiocyanogen,  and  its  toxic  action  is 
arrested  even  after  it  has  been  fully  established.' 

In  poisonings  or  corrosions  attended  with  great  pain  it  is 
not  only  the  part  of  humanity,  but  also  serves  to  maintain  the 
resisting  force  of  the  system,  to  allay  the  pain  by  the  hypo- 
dermic administration  of  morphin  unless  its  use  is  directly 
contraindicated. 

p.  le  sc.  med.,  1887,  ix.,  275;  Roger:  Masoin:     Arch.  int.  de  pharm.  et  de 

C.    r.   Soc.    de    biol.,    1896,    10   S.,  tWrap.,  1897,  iii.,  151;  Id.  ibid.,  p. 

iii.,   976;    Schuecking:    Deut.  med.  359,  ibid.,  1900,  vii.,  297;  Vorbrugge: 

Wchnschr.,  1899,  xxv.,  307;  Lesn^  ibid.,  1898,  v.,  161;    Maurice:   ibid., 

&  Richet:  C.  r.  Soc.  de  bioi.,  1903-4,  1900,  vii.,  11 ;  Reid  Hunt:  ibid.,  1904, 

xii.,    331;  Martin:    J.  de    m6d.  de  xii.,  447;  Morishima:  ibid.,  1900,  vii., 

Paris,  1905,  2  S.,  xvii.,  28.  273;  Lang:  Arch.  f.  exp.  P.  and  P., 

'  Seep.  815.     Also  Heymans  and  1895,  xxxvi.,  77. 
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PROGNOSIS  OF  POISONING. 


The  action  of  a  poison  or  corrosive  may  result  in  death,  in 
complete  recovery,  or  in  partial  recovery. 

Death  from  the  primary  action  of  poisons  and  corrosives 
may  be  due  to  exhaustion  caused  by  persistent  vomiting,  vio- 
lent convulsions,  or  severe  pain;  to  cerebral  paralysis  affecting 
the  respiratory  centres;  to  cardiac  paralysis;  to  wdema  of  the 
lungs  or  of  the  glottis;  to  internal  asphyxia  by  modification 
of  the  haemoglobin  of  the  blood;  to  diminished  body  tempera- 
ture; to  hemorrhage  caused  by  perforation  of  blood-vessels 
by  corrosion;  or  to  more  remote  effects,  such  as  suppression  of 
urine,  etc. 

Complete  recovery  results  in  most  cases  of  non-fatal  poi- 
soning in  which  the  toxic  agent  is  eliminated,  and  in  which 
the  pathological  changes  produced  are  either  insignificant  in 
kind,  or  of  such  nature  that  progressive  repair  follows  the  re- 
moval of  the  cause. 

Partial  recovery  is  practically  recovery  from  the  primary 
effects  of  the  deleterious  substance,  followed  by  prolonged  illness 
or  death  from  its  secondary  effects.  Thus  death  from  starva- 
tion frequently  occurs  months  after  the  primary  effects  of  the 
mineral  acids  and  alkalies  have  disappeared;  atrophy  and  de- 
generation of  various  organs  follow  as  secondary  effects  of 
several  poisons,  of  the  gastric  follicles  by  arsenic,  of  the  liver 
and  kidneys  by  phosphorus,  of  the  extensor  muscles  by  lead, 
etc.;  necrotic  changes  are  produced  in  certain  organs,  as  in  the 
maxillary  bones  by  phosphorus,  in  the  teeth  by  mercury,  and  in 
the  extremities  by  ergot ;  cataract  follows  ergot  poisoning,  amaurosis 
is  caused  by  wood  alcohol;  and  many  poisons  cause  as  secondary 
effects  great  sensitiveness  to  external  influences  of  certain  or- 
gans, which  persists  for  months  or  years. 

OF  THE  EVIDENCE  IN  OASES  OF  MURDER  BY  POISON.' 

The  proof  in  a  trial  for  murder  by  poison  is  divisible  into 
three  parts: 

1.  The  deceased  died  from  the  effects  of  a  certain  poison. 

'For  an  excellent  article  on  the      more:    "Med.    Leg.    Journ.,"    New 
legal  aspect  of  this  subject  see  Wig-      York,  1888,  vi.,  392-413. 
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2.  Said  poison  was  administered  to  the  deceased  Vjy  the 
defendant. 

3.  Said  administration  was  with  a  deliberate  and  premedi- 
tated design  on  the  part  of  the  defendant  to  cause  the  death  of 
the  deceased. 

The  evidence  upon  which  a  crime  of  this  character  is  estab- 
lished is  of  necessity  circumstantial.  It  is  within  the  limits  of 
possibility  that  a  person  might,  unobserved  by  the  murderer,  be 
an  eye-witness  to  the  administration,  knowing  the  nature  of  the 
substance  administered.  But  in  such  an  event,  unless  the  wit- 
ness, while  knowing  the  nature  of  the  substance  administered, 
was  ignorant  of  its  capacity  to  cause  death  or  was  under  phys- 
ical or  moral  restraint,  he  would  be  an  accessory  to  the  crime; 
or  its  consummation,  except  the  poison  were  one  of  those  acting 
with  extrenie  rapidity,  would  be  seriously  jeopardized  by 
interference  with  the  administration  on  the  part  of  the  wit- 
ness or  with  the  effects  of  the  poison  on  the  part  of  medical  as- 
sistance summoned  by  him.  And  even  in  a  case  so  improb- 
able the  question  as  to  whether  the  substance  administered  was 
actually  the  cause  of  death  would  still  remain  to  be  solved  by 
expert  evidence.  But  the  intentional  killing  by  poison  is  a 
crime  secret  in  its  essence,  and  while  in  many  cases  there  have 
been  witnesses  to  the  administration  of  the  substance  containing 
the  poison,  and  in  many  others  an  innocent  party  or  the  victim 
himself  has  been  the  agent  of  administration,  the  incorporation 
of  the  poison  with  the  vehicle  has  been  an  act  previously  per- 
formed in  secret  by  the  real  criminal — an  act  which  can  be 
proved  only  by  circumstantial  evidence.  It  is  true  that  direct 
evidence  of  the  crime  may  be  furnished  by  one  conspirator 
against  another;  but  such  evidence  is  always  reluctantly  be- 
lieved by  jurors,  and,  under  the  rules  of  evidence,  must  be  cor- 
roborated by  other  testimony. 

With  the  second  and  third  parts  of  the  above  division  the 
toxicological  expert  has  to  do  only  to  the  extent  of  furnishing 
evidence  with  regard  to  individual  facts,  which,  along  with 
those  developed  by  the  moral  evidence,  are  to  be  weighed  by 
the  jury  in  determining  these  points. 

Questions  for  the  toxicologist  bearing  upon  administration 
or  intent  arise  in  every  trial  for  murder  by  poison,  and  always 
have  an  important,  sometimes  a  crucial,  influence  in  determin- 
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ing  guilt  or  innocence.  In  some  instances  the  distinguishing 
facts  are  easily  observable  and  become  evident  in  the  course  of 
the  analysis,  as  when  Paris  green  in  substance,  or  arsenic  and 
copper  in  the  proportion  to  constitute  that  pigment,  is  found  in 
the  cadaver.  Under  these  circumstances  proof  of  the  posses- 
sion of  Paris  green  by  the  deceased  and  of  white  arsenic  by  the 
accused  would  have  very  different  significance  from  that  of  evi- 
dence tracing  Paris  green  into  the  hands  of  the  defendant.  At 
other  times  the  solution  of  such  collateral  questions  may  involve 
investigations  independent  of  the  main  analysis  and  call  for  all 
the  resources  of  the  expert.  In  a  case,. for  instance,  in  which 
it  was  claimed  by  the  defendant  that  he  had  administered  five 
grains  of  quinin  and  a  sixth  of  a  grain  of  morphin  to  the  de- 
ceased, the  absence  of  quinin  became  quite  as  important  an  ele- 
ment as  the  presence  of  morphin,  and  its  importance  depended 
upon  the  relative  delicacy  of  the  tests  for  the  two  alkaloids  and 
the  influences  of  changes  produced  in  them  in  the  body  during 
life  and  after  death.  In  the  Aff.  Canaby^  the  claim  of  the  de- 
fendant that  she  had  purchased  Fowler's  solution  from  several 
druggists  (upon  forged  prescriptions)  for  her  own  use  was  con- 
troverted by  analyses  of  her  own  hair  and  that  of  the  intended 
victim,  as  well  as  the  hairs  of  several  patients  under  arsenical 
treatment.  The  defendant's  hair  contained  "a  quantity  of 
arsenic  very  near  the  physiological  or  normal,"  while  that  of  her 
husband  contained  40  mgm.  per  kilo,  or  more  than  could  be  ac- 
counted for  by  medicinal  administration. 

It  is  chiefly  in  the  endeavor  to  obtain  evidence  upon  intri- 
cate and  novel  questions  that  the  expert  stands  in  danger  of 
traveling  too  far  into  the  domain  of  theory.  The  introduction 
of  scientific  evidence  of  too  finely  spun  a  character  usually  has  the 
opposite  effect  to  that  intended;  the  expert  assumes  a  position 
in  his  direct  evidence  which  he  is  unable  to  maintain  in  its  in- 
tegrity in  the  cross,  and,  by  basing  his  inferences  upon  data  the 
correctness  or  sufficiency  of  which  is  open  to  question,  invites  the 
submission  of  opinions  at  variance  with  his  own  by  the  opposing 
party,  with  the  ultimate  result  of  causing  the  jury  to  disregard 
entirely  a  mass  of  conflicting  evidence  upon  points  which  at  best 
they  can  understand  but  imperfectly. 

The  question  whether  the  deceased  came  to  his  death  from 
'  Dumora:  Arch,  d'anthrop.  crim.,  1906,  xxi.,  716. 
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the  action  of  a  certain  poison  depends  for  its  solution  entirely 
upon  expert  evidence,  to  obtain  which  in  the  most  complete 
and  satisfactory  form  possible  requires  the  united  services  of 
the  clinician,  the  pathologist,  and  the  chemist.  The  evidence  of 
the  cause  of  death  is  obtained  from: 

1.  The  symptoms  manifested  during  life. 

2.  The  gross  and  microscopic  appearances  observed  in  the 
cadaver. 

3.  The  existence  of  the  poison  in  the  body,  the  vomited 
matters,  the  excreta,  or  the  remains  of  articles  of  food,  medi- 
cine, etc. 

EVIDENCE  OF  POISONING  FROM  THE  LIVING  BODY. 

From  the  History  of  the  Attack. 

In  the  great  majority  of  criminal  and  suicidal  poisonings 
the  dose  administered  or  taken  is  large,  and  consequently  the 
attack  is  sudden,  whether  the  victim  be  in  condition  of  health 
or  of  illness,  and  with  most  poisons  progresses  rapidly.  But  in 
several  forms  of  disease  and  of  internal  injuries  which  prove 
rapidly  fatal  the  attack  is  equally  sudden,^  as  in  cerebral  hemor- 
rhage, organic  disease  of  the  heart,  the  rupture  of  internal 
organs,  in  certain  forms  of  Bright's  disease,  etc.,  most  of  which, 
however,  are  attended  with  well-marked  pathological  changes, 
easily  recognizable  at  the  autopsy.  On  the  other  hand,  if 
the  poison  be  administered  in  small  and  repeated  doses,  the 
onset  is  more  gradual,  and  the  clinical  history  more  closely 
resembles  that  of  some  natural  disease.  Thus  in  the  Havre 
poisonings  by  arsenic^  the  attacks  were  so  insidious  that  the 
investigation  as  to  their  cause  originated  in  a  suit  brought  by 
the  tenant  against  his  landlord,  alleging  the  unsanitary  condition 
of  the  house  in  which  the  poisonings  occurred. 

The  relation  of  time  between  the  taking  of  a  meal,  or  of 
medicine  or  drink,  and  the  manifestation  of  symptoms  is  al- 
ways one  of  high  forensic  importance,  and  frequently  aids 
greatly  either  to  indicate  the  guilty  party  or  to  prove  the  inno- 

'  Schuchardt,     in     Maschka's  ^Affaire  Pastrd-Beaussier,   Brou- 

"Handb.  d.  ger.  Med.,"  ii.,  34-42,       ardel    and    Pouehet:    Ann.    d'hyg., 
reports  several  cases  of  sudden  death       1889,  3  s.,  xxii.,  137,  356,  460. 
from    "natural"    causes    in    which 
there  was  suspicion  of  poisoning. 
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cence  of  one  wrongly  suspected.  Poisons  usually  (although  by 
no  means  always)  act  within  an  hour  after  their  administra- 
tion; and  for  every  poison  the  period  of  time  which  elapses  be- 
tween the  administration  and  the  appearance  of  its  effects 
varies,  according  to  circumstances,  within  comparatively  nar- 
row limits.  If,  for  instance,  a  person  be  attacked  with  symp- 
toms of  arsenical  poisoning  about  half  an  hour  after  having 
eaten  a  meal,  the  probabiHty  that  the  poison  was  contained 
in  some  article  of  food  or  drink  then  taken  is  worthy  of  serious 
consideration;  and  if  on  analysis  one  of  these  is  found  to  con- 
tain arsenic,  we  have  then  the  demonstrated  combination  of  an 
effect  and  a  cause  capable  of  producing  such  effect. 

But  if,  on  the  other  hand,  a  person  be  accused  of  adminis- 
tering arsenic  to  another  in  a  certain  article  of  food,  drink,  or 
medicine  which  is  found  to  contain  the  poison,  the  accusation  is 
to  be  looked  upon  with  grave  suspicion  if  a  day  or  more  have 
elapsed  between  the  time  when  the  administration  was  alleged 
to  have  occurred  and  the  manifestation  of  its  effects. 

The  nature  of  the  symptoms  is  to  be  considered  in  this  con- 
nection, whether  they  are  those  of  a  poison  whose  action  is  al- 
ways rapid,  or  those  of  one  whose  effects  may  be  delayed  for 
several  hours. 

In  poisonings  by  repeated  doses,  also,  the  connection  of  oppor- 
tunity of  administration  and  the  occurrence  of  symptoms  is 
of  importance.  Thus  in  the  Havre  poisonings  mentioned  above 
the  symptoms  abated  in  some  of  the  victims  when  they  went 
out  of  the  reach  of  the  accused,  and  again  made  their  appear- 
ance after  their  return;  and  in  a  case  reported  by  Kornfeld,'  in 
which  a  woman  was  convicted  of  the  murder  of  her  husband  by 
arsenic,  the  deceased,  who  worked  away  from  home,  suffered  an 
attack  only  when  he  visited  his  home  or  his  wife  visited  him. 

In  multiple  poisonings,  where  poison  is  mixed  with  an  ar- 
ticle of  food  of  which  several  persons  partake,  all  usually  suffer 
from  its  effects  in  varying  degrees  of  intensity  according  to  the 
amount  eaten  by  each  and  his  or  her  condition  of  age,  etc.  If 
several  persons  eating  of  a  particular  dish  or  drinking  of  a  bev- 
erage manifest  the  same  symptoms  of  sudden  illness,  there  is 
great  probability  that  the  cause  of  the  disorder  is  a  poison 
either  mixed  with  or  generated  in  the  food  or  drink  taken. 
'  Friedreich's  Bl.  f.  ger.  Med.,  1885,  xxxvi.,  149-160. 
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But,  while  it  seldom  occurs  that  a  number  of  persons  are  simul- 
taneously attacked  with  disease  suddenly,  such  instances  have 
been  known,  and  Taylor^  has  recorded  several  cases. 

It  is  not  to  be  inferred,  on  the  other  hand,  that  because 
symptoms  of  poisoning  are  observed  only  in  some  of  those 
partaking  of  a  particular  article  of  food  or  drink  and  not  in 
others  who  have  taken  as  much  or  more,  the  symptoms  are 
due  to  disease  and  not  to  poison.  The  poison  may  be  one  for 
which  those  who  escape  from  the  effects  have  established  a 
tolerance  by  habit ;^  or  the  toxic  agent  may  have  been  incor- 
porated as  a  sohd  in  such  manner  as  to  accumulate  in  certain 
portions  of  the  dish;  or  the  administration  may  have  been 
intentionally  limited  to  one  or  more  of  the  persons  apparently 
partaking  equally  of  the  same  food.^ 

From  the  Symptoms. 

Can  a  case  of  poisoning  be  diagnosed  from  the  ssmiptoms 
alone?  The  medical  witness  should  not  answer  this  question 
without  qualification.  If  among  the  symptoms  we  include 
the  detection  of  the  poison  in  the  excreta,  as  the  existence  of 
sugar  in  the  urine  is  included  among  the  symptoms  of  diabetes, 
then  the  question  is  answerable  in  the  affirmative  in  whatever 
sense  the  word  "  diagnosis"  may  be  used.  But  if  the  poison  be 
one  which  is  not  detectable  in  the  excreta  with  certainty,  the 
question  must  be  differently  answered  according  to  the  value 
given  to  the  word  "  diagnosis."  In  attending  a  case  of  poisoning 
or  of  disease  the  physician,  partly  from  positive  indications  ex- 
hibited by  the  patient  and  partly  by  exclusion,  reaches  a 
"diagnosis"  upon  the  accuracy  of  which  sufficient  reliance  may 
be  placed  to  warrant  the  adoption  of  the  treatment  appropriate 
to  the  form  of  poisoning  or  the  disease  indicated.  Such  a  "  work- 
ing diagnosis,"  made  by  an  experienced  clinician,  is  correct  in 
the  great  majority  of  cases,  but  the  symptomatology  of  poisoning 
by  the  commoner  poisons  so  closely  resembles  that  of  some 
disease  produced  by  so-called  natural  causes  that  a  mistaken 

'"Poisons,"  3d  Am.  ed.,  87-91.  found  in  Taylor,  "Poisons,"  3d  Am. 

^  See  p.  100.  ed.,    p.   88.     Maschka:   Friedreich's 

'  Instances   of   the   cunning   with  BI.  f.  ger.  Med.,  1855,  vi.,  Heft  4, 

which   one  victim   may  be   singled  66-69.      Wormley:      "Micro-Chem. 

out  from  among   many  are  to   be  Pois.,"  2d  ed.,  40. 
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diagnosis  is  a  possibility,  even  with  the  most  careful  and  expert 
physician.  While  the  symptoms,  excluding  examination  of  the 
excreta,  do  not  afford  positive  proof  of  poisoning,  they  frequently 
indicate  the  strong  probability  of  its  existence,  and  the  certainty 
that  the  patient  is  suffering  either  from  the  effects  of  the  par- 
ticular poison  or  poisons  to  which  they  point  or  from  one  of  very 
few  diseases  presenting  a  closely  similar  clinical  picture. 

Although  the  clinical  history  is  therefore  not  to  be  relied 
upon  alone  to  prove  with  absolute  certainty  that  a  poisoning  has 
occurred,  it  is  of  the  first  importance,  in  conjunction  with  the 
results  of  the  autopsy  and  of  the  chemical  examination,  to  estab- 
lish that  fact  to  a  demonstration,  and  consequently,  whenever  it 
is  practicable,  the  manifestations  during  the  life  of  the  patient 
should  be  observed  with  the  utmost  minuteness  and  accuracy. 
In  a  case  of  morphin  poisoning  it  may  be  claimed  that  death 
was  due  to  cerebral  apoplexy,  or  to  uraemic  coma  consequent 
upon  Bright's  disease.  If  the  patient  has  during  life  mani- 
fested the  symptoms  which  may  be  due  to  one  of  the  three 
causes,  and  if,  after  death,  the  anatomical  lesions  caused  by 
apoplexy  and  Bright's  disease  are  found  to  be  absent,  and  those 
due  to  morphin  poisoning  (and  to  other  causes  also)  are  found 
to  be  present,  and  if  morphin  be  found  on  analysis  of  the  cadaver 
or  of  the  vomited  matters,  the  agency  of  morphin  as  the  cause  of 
death  cannot  be  questioned  as  between  the  three  causes  men- 
tioned. Further,  symptoms  afford  one  of  the  surest  means  of 
answering  the  question,  "  Was  the  poison  introduced  during 
life?"  There  is  no  analytical  method  by  which  undertaker's 
arsenic  can  now  be  differentiated  from  that  taken  during  life, 
but  it  is  clear  that  a  history  of  the  symptoms  of  arsenical  poison- 
ing during  life  is  strong  evidence  of  ante-mortem  administration. 

The  symptoms  of  poisoning  present  no  general  characters 
which  permit  of  a  distinction  between  poisonings  and  disease — 
indeed  many  diseases  are  endogenous  poisonings.  The  ques- 
tion presented  to  the  clinician  in  the  treatment  of  poisoning  and 
in  the  medico-legal  proof  of  its  occurrence  is  one  of  differential 
diagnosis,  which,  of  course,  varies  with  the  poisons  producing 
different  effects.  The  points  of  distinction  to  be  observed  in  a 
case  of  strychnin  poisoning  are  not  the  same  as  those  which 
customarily  present  themselves  when  arsenic  has  been  taken. 
General  considerations  upon  this  important  branch  of  the  proof 
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of  poisoning  are  idle.  The  effects  of  each  poison  must  be  con- 
sidered in  comparison  with  the  symptoms  of  those  diseases 
whose  symptomatology  is  similar  to  that  of  the  form  of  poison- 
ing in  question,  and  therefore  we  defer  consideration  of  this 
branch  of  the  subject  to  the  division  on  special  toxicology.' 

From  the  Detection  of  the  Poison  in  Excreta,  etc 

The  most  direct  proof  that  poison  has  been  administered  or 
taken  during  life  is  its  detection  in  the  matters  vomited  by  the 
victim,  or  in  the  urine  or  faeces  passed  during  his  lifetime.^  In 
non-fatal  cases  these,  along  with  suspected  articles  of  food  or 
medicines,  are  the  only  materials  for  chemical  analysis.^ 

The  vomited  matters  frequently  have  easily  determinable 
qualities  which  are  of  great  diagnostic  value — as,  for  instance, 
their  luminous  appearance  in  phosphorus  poisoning,  their  al- 
kaline reaction  when  the  alkalies  or  potassium  cyanid  have 
been  taken,  their  intense  acidity  in  corrosion  by  the  min- 
eral acids,  their  characteristic  odor  in  poisoning  by  phenol, 
prussic  acid,  or  chloroform,  etc.  If  the  poison  be  heavy  and 
have  been  taken  in  the  solid  form  and  is  not  readily  soluble,  it 
may  be  found  deposited  in  the  bottom  of  the  vessel  containing 
the  vomit  or  washings  of  the  stomach,  as  has  been  frequently 
observed  in  arsenical  poisoning.  As  a  rule,  the  quantity  of 
poison  expelled  will  diminish  with  each  succeeding  vomit,  yet 
Ryan^  has  reported  an  instance  in  which  the  stomach  pump  was 
used  after  three  acts  of  vomiting,  and  in  which  the  quantity  of 
arsenic  in  the  material  removed  by  the  pump  was  greater  than 
in  the  matters  last  vomited. 

It  is  quite  possible  that  the  poison  may  be  completely  re- 
moved by  vomiting  and  elimination  and  yet  death  result  from 
its  action.  In  that  event,  clearly,  the  poison  may  be  detectable 
in  the  urine  and  vomit,  but  not  in  the  cadaver.  Such  a  case  is 
reported  by  Taylor'  in  which  a  man  died  seventeen  hours  after 
taking  about  one  ounce  of  arsenic. 

'  See  also  Tardieu,  "  Empoisonne-  any  possibility  that  the  poison  may 

ments,"  2eme  ed.,   25-55.     Taylor,  have  been  subsequently  added. 

"Poisons,"     3d    Am.    ed.,     94-117.  ^  For  a  few  poisons  the  blood  may 

Kobert,       "  Intoxikationen,"        2te  be  examined  with  the  micro-spec- 

Aufl.  i,  45-63.  troscope. 

^  It  goes  without  saying  that  there  *  Lancet,'  1851,  i.,  410. 

must  be  no  question  as  to  the  iden-  *  Guy's  Hosp.  Rep.,  1837,  ii.,  77. 
tity  of  the  matters   examined,  nor 
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It  is,  unfortunately,  exceptional  in  homicidal  cases  that  the 
vomit  is  preserved.  This  defect  in  the  medical  conduct  of  the 
case  may  sometimes  be  supplied  by  an  examination  of  the  vessel 
into  which  the  vomit  was  received  or  of  the  floor,  ground,  or 
fabrics  upon  which  it  may  have  been  spilled.  The  surface  of  a 
board  floor  may  be  removed  by  planing,  and  portions  of  the 
carpet  or  other  textile  fabrics  may  be  cut  out.  Samples  should 
be  taken  for  analysis  not  only  from  the  places  where  the  vomit 
was  deposited,  but  also  from  other  portions  for  comparison. 

The  detection  of  the  poison  in  the  urine  or  faeces  passed 
during  the  patient's  lifetime  removes  all  doubt  concerning  the 
cause  of  the  symptoms  observed,  provided  the  analysis  is  prop- 
erly made  and  the  purity  of  the  chemicals  used  is  placed  beyond  . 
question.  The  negative  result  of  such  an  examination  does  not 
by  any  means  prove  that  the  symptoms  observed  are  not  due  to 
poison.  Even  arsenic,  whose  detection  by  an  experienced  ana- 
lyst is  certain,  has  been  found  to  be  absent  from  the  urine  in 
cases  of  undoubted  poisoning  by  the  white  oxid,  either  because 
the  elimination  has  been  completed,  or  because  of  an  apparent 
intermission  in  the  elimination;  and  instances  of  failure  to  de- 
tect morphin  in  the  urine  of  patients  who  had  unquestionably 
taken  large  doses,  and  even  when  its  presence  in  the  vomited 
matters  was  demonstrated,  are  numerous.' 

The  examination  of  vessels  and  of  articles  of  food  and  of 
medicine  frequently  affords  evidence  of  the  manner  of  the  ad- 
ministration, and  may  serve  to  connect  a  particular  person  with 
the  crime.  It  must  be  remembered,  however,  that  the  detection 
of  poison  in  an  article  of  food  alleged  to  have  been  taken  is  not  of 
itself  evidence  that  the  poison  has  been  actually  taken.  Several 
cases  have  occurred  in  which  the  symptoms  of  poisoning  have 
been  feigned  and  poisoned  food  has  been  submitted  for  ex- 
amination to  substantiate  a  false  accusation. 

The  number  and  variety  of  articles  which,  in  a  case  of  al- 
leged homicide,  may  be  submitted  for  analysis  for  the  purpose 
of  tracing  administration  probably  reached  the  maximum  in  the 
Maybrick  case,  in  which  one  hundred  and  seventy-four  articles, 
other  than  portions  of  the  body  and  excreta,  were  delivered  to 
the  analyst. 

'■  See  Elimination,  p.  108,  and  also  Elimination  under  Arsenic,  Morphin, 

Strychnin,  etc. 
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DUTIES  OF  THE  PHYSICIAN  IN  A  CASE  OF  SUSPECTED 
CRIMINAL  POISONING. 

The  nature  of  the  physician's  relations  with  his  patients  and 
the  course  of  his  daily  practice  are  such  that  the  idea  of  poison- 
ing does  not  suggest  itself  unless  forced  upon  his  recognition  by 
the  circumstances  of  the  case,  and  even  then  is  reluctantly  en- 
tertained. That  he  should  be  frequently  deceived  in  attributing 
the  effects  of  poison  to  other  causes  is  natural,  .and,  be  it  said, 
it  is  preferable  that  he  should  be  sometimes  misled  by  the  craft 
of  the  poisoner  than  that  he  should  go  into  every  household  in 
the  double  capacity  of  physician  and  detective.  Yet,  as  it  is  the 
physician's  function  to  ascertain  not  only  the  present  condition 
of  his  patient,  but  also  the  cause  of  his  ailment,  he  should,  when 
called  to  attend  a  case  of  poisoning,  recognize  or  at  least  sus- 
pect its  true  character.  If  the  case  be  not  plainly  one  of  acci- 
dent or  suicide,  upon  him  may  then  devolve  a  responsibility 
more  serious  than  that  attending  the  most  desperate  case  of  dis- 
ease or  of  injury — a  responsibility  not  of  his  own  seeking  and 
entirely  beyond  the  ordinary  functions  of  his  profession.  He 
may  be  suddenly  placed  between  an  intending  murderer  and  his 
victim,  with  the  possible  intent  on  the  part  of  the  former  to 
render  him  an  unconscious  accessory  to  his  crime;  and  should 
the  deed  be  consummated,  upon  him  the  fulfillment  or  the  frus- 
tration of  the  ends  of  justice  -will  largely  depend.  That  a  re- 
sponsibility so  onerous,  with  the  subsequent  annoyance  and  in- 
terference with  regular  practice,  should  be  shirked  and  evaded 
by  many  is  to  be  expected,  and  we  believe  that  many  a  poisoner 
has  escaped  punishment  through  a  disinclination  on  the  part  of 
the  attending  physician  to  assume  the  responsibilities  of  the  po- 
sition into  which  he  has  been  thrust  by  his  attendance  upon  the 
victim,  and  to  incur  the  risks  and  discomforts  which  an  accusa- 
tion would  entail.  Three  cases  in  illustration:  A  physician  of 
ability  greater  than  the  average  and  of  unquestionable  integ- 
rity, being  called  in  attendance  upon  a  woman,  was  so  thoroughly 
convinced  that  she  was  being  poisoned  with  arsenic  by  her  hus- 
band that  he  accused  him  of  the  attempt  and  forbade  him 
visiting  the  house  in  which  his  wife  lay  ill  until  she  should  be 
either  recovered  or  dead.     Yet  upon  her  death  he  signed  a  cer- 
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tificate  attributing  the  death  to  "malaria  and  gastritis,"  and 
permitted  the  only  undertaker  in  the  village  to  fill  the  cadaver 
with  arsenic  before  tardily  communicating  his  suspicions  to  the 
prosecuting  officer.  Had  he  had  a  proper  sense  of  his  responsi- 
bility, either  a  murderer  would  not  have  escaped  the  penalty  of 
his  crime  through  the  impossibility  of  a  distinction  between 
undertaker's  and  ante-mortem  arsenic,  or  an  innocent  man 
would  not  have  been  subjected  to  a  year's  imprisonment  and 
the  chances  of  two  trials  for  his  life.  In  another  case  a  physi- 
cian who  had  a'ttended  the  husband  and  one  child  during  their 
last  illness,  refused  to  attend  the  second  child  of  a  woman  who 
subsequently  confessed  to  having  poisoned  all  three,  and  was  con- 
victed of  the  murder  of  the  last;  his  refusal  being  based  upon 
suspicion  of  foul  play  in  the  two  previous  deaths,  which  he  had 
certified  as  being  due  to  "inflammation  of  the  bowels"  and  "con- 
gestion of  the  bowels."  Yet  not  a  word  did  he  breathe  of  his 
suspicions,  except  to  the  woman  herself,  until  after  her  confession. 
We  have  known  a  prominent  surgeon  of  this  city  to  advise  a 
nurse  who  had  obtained  evidence  of  the  criminal  administration 
of  corrosive  sublimate  to  a  patient  under  her  charge  to  "keep 
her  knowledge  to  herself."  ' 

The  duties  of  the  practitioner  in  this  connection  we  appre- 
hend to  be: 

1st.  To  rescue  the  patient  from  the  effects  of  the  poison  or 
corrosive  already  taken. 

To  accomplish  this  a  "working  diagnosis"  of  poisoning  by 
X  must  be  arrived  at.  To  reach  this  the  symptoms  will  have 
been  studied  to  the  exclusion  of  those  diseases  having  similar 
symptomatology,  and  the  history  of  the  inception  and  cause  of 
the  disorder  previous  to  the  physician's  visit  will  have  been  in- 

'  It  is  but  fair  to  the  medical  pro-  case,    who   was   out   on   $250  bail, 

fession  to  state  that  an  equal  disin-  Her  husband  had  died  after  a  short 

clination  to  assume  the  responsibil-  illness,  marked  by  the  symptoms  of 

ities   of   a   prosecution  in  cases   in  arsenical    poisoning.     Arsenic    was 

which  a  prima-facie  case  seems  to  present  in  the  unembalmed  body, 

be  clearly  established  is  sometimes  and  the  immoral  circumstances  of 

exhibited  by  those  upon  whom  this  the  case  indicated  the  existence  of 

duty  devolves  under  the  law.     Upon  a  strong  motive  to  the  commission 

one  occasion  the  author,   while  in  of  the  crime  by  the  wife.     Never- 

attendance  upon  a  grand-jury  hear-  theless,     neither     district    attorney 

ing  in  one  of  the  northern  counties  nor    grand     jury    found    sufficient 

of  this  State,  had  the  novel  experi-  cause   for   proceeding   further,  and 

ence  of  being  waited  upon  at  the  the  woman  emigrated  to  a  Western 

hotel  table  by  the  woman  in  the  State  with  her  paramour. 
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quired  into.  The  attendant  and  possibly  the  patient  will  have 
been  questioned,  and  from  the  nature  and  manner  of  the  an- 
swers received  the  physician  may  frequently  obtain  indications 
which  will  govern  his  future  course.  Should  there  be  the 
slightest  doubt  in,  the  mind  of  the  medical  attendant  that  the 
case  is  not  one  of  accidental  poisoning,  he  should  take  for  ex- 
amination the  urine  and  vomit  and  any  remains  of  medicine  or 
food  taken  by  the  patient.  Portions  of  these  he  should  exam- 
ine, with  all  proper  precautions,  by  the  simpler  tests  for  the 
poison  which  he  believes  to  have  been  taken — but  by  no  means 
should  he  use  all  of  the  samples  taken  for  this  examination,  the 
purpose  of  which  is  solely  the  verification  of  his  diagnosis  for 
■the  government  of  his  treatment.  The  chemical  knowledge  and 
manipulative  skill  in  analytical  methods  of  practitioners  of 
medicine  are  rarely  if  ever  adequate  to  the  test  of  cross  exami- 
nation upon  a  criminal  trial. 

2d.  To  prevent  any  further  administration.  From  the  in- 
formation obtained  in  fixing  his  diagnosis  and  fro.m  his  obser- 
vation of  the  surrounding  circumstances  the  physician  may 
in  most  cases  determine  what  means  to  adopt  to  accomplish 
this  end.  He  may,  further,  with  proper  discretion,  ascertain 
whether  any  person  visiting  or  in  attendance  upon  the  patient 
has  any  reason  for  enmity.  If  the  attack  was  traceable  to  the 
taking  of  a  particular  meal  or  dose  of  medicine,  by  whom  was  it 
prepared  or  administered,  and  in  whose  care  or  keeping  was  it? 
He  will  have  to  decide,  from  the  degree  of  his  conviction  that  a 
certain  person  is  the  author  of  the  poisoning,  from  the  condition 
of  the  patient,  and  from  the  nature  of  the  surroundings,  whether 
and  to  what  extent  he  should  communicate  his  suspicions  to  the 
patient  or  to  any  member  of  the  household.  Under  no  circum- 
stances, however,  should  he  give  expression  to  any  suspicion 
which  he  may  have,  or  encourage  the  expression  of  such  sus- 
picions by  others,  as  a  matter  of  gossip  or  public  rumor.  ■  There 
is  always  the  possibility  of  his  being  mistaken,  and  in  that 
event  the  injury  which  may  be  done  to  an  innocent  person  is 
irreparable,  as  such  rumors  travel  rapidly,  and  any  subsequent 
retraction  will  probably  not  reach  all  who  have  heard  the  suspi- 
cion originally  expressed.  In  some  cases  it  may  be  proper  for  the 
medical  attendant  to  insist  upon  the  absence  from  the  sick-room 
or  from  the  house  of  a  certain  person  to  whom  circumstances 
IV— 9 
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point  with  sufficient  directness  as  the  author  of  the  poisoning. 
In  other  cases,  particularly  those  in  which  he  finds  no  one  ia 
the  household  to  whom  he  deems  it  wise  to  communicate  his 
suspicions,  the  physician  may  demand  either  that  the  patient 
be  removed  to  a  hospital,  or  that  a  trained  nurse  of  his  own  selec- 
tion shall  be  called  in. 

3d.  In  case  of  death,  to  avoid  interfering  with  a  proper  in- 
vestigation by  giving  a  certificate  of  death  or  permitting  the 
undertaker  to  embalm  the  body. 

As  no  dead  body  may  be  buried  without  a  certificate  setting 
forth  the  cause  of  death  from  the  attending  physician  or  a  per- 
mit from  the  coroner  or  medical  examiner,  the  physician  who 
still  entertains  the  belief  that  the  deceased  may  have  died  from 
the  effects  of  poison  and  signs  a  death  certificate,  attributing  the 
death  to  "  gastritis  "  or  "  apoplexy  "  or  some  other  disease,  becomes 
morally  if  not  legally  an  accessory  after  the  fact.  According 
to  the  degree  of  his  doubt  he  has  one  of  two  courses  to  pursue- 
either  to  insist  upon  a  post-mortem  by  which  he  may  determine 
whether  any  sufficient  natural  cause  of  death  exists,  or  to  turn 
the  case  over  to  the  proper  authorities  for  investigation.  Should 
he  adopt  the  former  course,  which  has  the  advantage  that  if 
the  death  was  really  due  to  disease  the  expression  of  an  un- 
founded suspicion  of  poisoning  has  been  avoided,  the  physician 
must  consider  his  qualifications  for  personally  making  such  an 
examination.  As  a  rule,  the  practitioner  is  not  fitted  to  prop- 
erly conduct  a  medico-legal  autopsy,  and  this  may  become  one, 
and  it  will  be  much  preferable  for  the  proper  conduct  of  the  in- 
quiry, if  one  becomes  necessary,  and  for  the  future  comfort  of 
the  physician  himself,  that  he  should  call  in  the  assistance  of 
one  skilled  and  experienced  in  such  work.  If  the  services  of 
the  coroner's  physician  or  medical  examiner  can  be  obtained 
unofficially  or  semi-officially  so  much  the  better,  as,  not  only 
should  he  be  expert  in  such  matters,  but  if  the  case  be  one  of 
poisoning  he  may  then  and  there  take  charge  of  it  officially. 

As  legislatures  in  this  country  have  been  very  respectful  of 
the  liberties  of  the  "funeral  directors,"  they  are  entirely  unre- 
stricted in  all  of  the  States  except  New  York,  New  Jersey,  and 
Michigan,  and  unless  expressly  forbidden  so  to  do  by  some  one  in 
authority,  it  is  their  custom  to  inject  into  every  cadaver  a  more 
or  less  extensive  collection  of  poisons  as  soon  as  possible,  after 
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death,  sometimes  within  two  hours.  Poison  so  introduced  can- 
not at  present  be  distinguished  from  that  existing  in  the  body 
before  death,  and  consequently  it  is  the  plain  duty  of  the  physi- 
cian, when  he  believes  that  death  has  been  due  to  poison,  to  ex- 
pressly state  to  the  relatives  and  to  any  undertaker  that  he  may 
have  reason  to  believe  has  or  will  have  charge  of  the  funeral 
that  the  body  should  not  be  embalmed,  and  if  necessary  to  re- 
quest of  the  coroner  that  he  forbid  any  treatment  of  the  body 
before  the  autopsy. 

The  statutory  regulation  of  embalming  in  Michigan  is  too 
narrow,  as  arsenic  only  is  prohibited.  That  in  New  Jersey  is 
practically  inoperative  because  of  indefiniteness.  It  provides 
that  "  no  pei'son  shall  employ  for  the  purpose  of  embalming  or 
preserving  any  dead  human  body,  any  arsenical  solution  nor  any 
other  poisonous  agent,  which  may  by  its  presence  in  the  viscera 
prevent  the  detection  of  criminal  uses  of  said  poisonous  agents 
before  the  death  of  the  individual  occurred."  In  the  State  of 
New  York  the  undertaking  fraternity  deserves  the  credit  of 
having  (after  prolonged  resistance  of  legislation,  be  it  said) 
themselves  put  in  force  restrictions  to  promiscuous  embalming 
which  are  precise  and  comprehensive.  Chapter  555  of  the  Laws 
of  1898,  asamendedbyChap.  324,  Laws  of  1899,  Chap.  498, 1904, 
and  Chap.  572,  Laws  of  1905,  establishes  a  State  Board- of  Em- 
balmers,  with  power  to  "  make  and  adopt  rules,  regulations  and 
by-laws  not  inconsistent  with  law,  whereby  the  transaction  of  the 
business  and  the  practice  of  embalming  shall  be  regulated  and 
performed,  subject  to  the  approval  of  the  state  department  of 
health."  The  act  also  provides  for  the  limitation  of  the  practice 
of  embalming  to  licentiates  of  the  board,  for  the  revocation  of 
licences  for  violation  of  its  regulations,  and  for  the  punishment 
of  such  violations  as  misdemeanors.  Under  this  law  the  board 
on  December  13,  1906,  adopted  the  following  regulations,  which 
were  approved  by  the  State  Commissioner  of  Health,  December 
17,  1906:  "From  and  after  October  1,  1907,  no  embalmer  shall 
inject  into  any  dead  human  body,  for  the  purpose  of  preserving, 
disinfecting  or  embalming  the  same  any  fluid  that  is  not  a 
thorough  germicide  in  the  proportions  ordinarily  used  in  embalm- 
ing, that  is  eight  parts  of  fluid  to  one  hundred  and  fifty  parts  of 
body  weight,  or  that  contains  arsenic,  zinc,  mercury,  copper,  lead, 
silver,  antimony  or  chloral  or  any  substance  or  compound  that 
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contains  either  or  any  of  them,  or  any  poisonous  alkaloid.  Ex- 
cept that  nothing  in  this  regulation  shall  apply  to  the  use  of  the 
above  named  substances  in  any  duly  incorporated  medical 
college  or  scientific  institution  by  those  having  in  their  legal 
possession  human  cadavers  intended  to  be  used  for  the  purpose 
of  medical  study  or  other  legitimate  purposes."  The  regulations 
also  prohibit  the  sale  of  embalming  liquids  containing  the 
poisons  above  mentioned,  and  provide  for  the  bacteriological 
examination,  chemical  analysis  and  certification  of  such  hquids 
by  the  board. 

While  in  attendance  upon  a  case  of  poisoning  the  physician 
should  bear  in  mind  that  every  detail  of  symptoms,  treatment, 
etc.,  may  become  of  importance  upon  a  subsequent  trial,  and 
that  he  may  be  called  upon  months  or  even  years  afterward  to 
recite  his  observations.  He  should  therefore  make  full  and  ac- 
curate notes  of  such  cases,  from  which  he  may  subsequently 
refresh  his  memory. 

EVIDENCE  OF  POISONING  FROM  THE  DEAD  BODY. 

The  examination  of  the  body  of  a  person  supposed  to  have 
been  poisoned  is  divided  into  three  parts:  1st.  The  autopsy 
proper,  at  which  the  appearance  of  the  body  and  its  surroundings 
and  the  existence  or  non-existence  of  any  departure  from  the 
natural  conformation  of  tissues  or  organs  detectable  by  the  un- 
aided eye  are  observed.  2d.  The  pathological  examination,  by 
which  the  presence  or  absence  of  minute  changes  in  the  tissues, 
caused  by  disease  or  by  the  action  of  poisons,  is  determined  by  the 
use  of  methods  involving  the  use  of  the  microscope.  3d.  The 
analysis,  whose  object  it  is  to  separate  and  demonstrate  the 
presence  of  poison  in  the  cadaver,  if  such  exist. 

Evidence  prom  Position  and  Surroundings. 

Before  proceeding  to  the  autopsy  proper  the  coroner  or  med- 
ical examiner  should,  particularly  when  the  person  has  been 
found  dead,  make  note  of  the  position  of  the  body  and  its  sur- 
roundings. Observations  then  made  may  frequently  be  of  great 
service  in  differentiating  between  poisoning  and  some  other 
cause  of  death,  or  in  determining  whether  the  case  is  one  of 
suicide,  accident,  or  murder. 
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Note  should  be  made  of  the  following  points:  1st.  The  date 
and  place  of  the  examination.  2d.  The  names  of  the  persons 
present.  3d.  The  position  of  the  body.  4th.  Whether  clothed 
or  not,  and  the  condition  of  the  dress.  5th.  Had  the  deceased 
vomited,  and  if  so  the  relation  of  stains  of  vomit  to  the  ca- 
daver. 6th.  Stains  of  vomit  upon  the  clothing  or  other  articles, 
with  the  marks  placed  by  the  examiner  upon  such  articles  for 
identification,  and  the  name  of  the  person  into  whose  custody 
they  are  given.  7th.  Similarly  as  to  stains  of  urine  and  of 
faeces  if  present.  8th.  Description  of  any  cup,  bottle,  or  other 
vessel,  paper  or  weapon,  found  near  the  body,  and  its  position 
with  regard  to  the  body;  with  notes  for  identification  as  in  6th. 
9th.  Had  stains  of  vomit,  etc.,  been  made  while  the  body  was  in 
the  position  in  which  it  was  found,  or  had  the  body  been  subse- 
quently moved,  and  any  appearance  which  would  indicate 
whether  such  movement  occurred  before  or  after  death?  10th. 
The  temperature  of  the  room.  11th.  In  cases  of  exhumation 
also  note  the  position  of  the  grave,  the  nature  of  the  soil,  the 
condition  of  the  casket,  and  transcribe  any  inscription  upon  the 
cofHn  plate. 

If  the  autopsy  be  made  upon  an  exhumed  body  the  possibility 
of  fortuitous  impregnation  with  poison  should  be  borne  in  mind. 
The  condition  of  preservation  should  be  accurately  noted,  as 
well  as  any  evidence  of  the  cadaver  being  or  having  been  mois- 
tened by  ground  water.  Samples  of  the  earth  from  above,  be- 
low, and  each  side  of  the  coffin  should  be  taken,  and  particu- 
larly samples  of  any  colored  article,  such  as  artificial  flowers, 
and  of  any  portion  of  the  grave  clothes  or  casket  trimmings 
which  is  colored. 

THE  AUTOPSY. 

Direct  and  positive  evidence  of  death  from  poisoning  is  not 
to  be  expected  from  post-mortem  appearances  alone.  Although 
intense  inflammation,  softening,  and  corrosion  of  the  oesophagus 
and  stomach,  accompanied  by  a  marked  alkalinity  of  the  con- 
tents of  the  latter,  may  indicate  that  corrosion  by  a  mineral  al- 
kali has  occurred,  there  is  no  true  poison  whose  action  produces 
characteristic  lesions,  and  many  may  cause  death  without  leav- 
ing any  evidence  of  their  effects  in  structural  change  of  organs 
or  tissues. 
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Nevertheless,  very  important  evidence  in  two  directions  is 
obtainable  by  a  post-mortem  examination:  either  as  corrobora- 
tive of  other  proof  of  poisoning  directly,, or  bearing  upon  the 
possibility  of  death  having  been  due  to  other  causes. 

Certain  appearances  or  conditions  observable  at  the  autopsy 
may  by  their  existence  serve  to  confirm  the  theory  of  poisoning 
by  a  certain  agent,  or  by  their  absence  or  the  presence  of  their 
opposites  may  even  exclude  the  possibility  of  a  specific  poison 
from  consideration  as  a  possible  cause  of  death.  Thus  a  con- 
gested condition  of  the  cerebral  vessels  is  present  after  death 
caused  by  the  opiates,  as  well  as  after  death  by  suffocation  from 
any  mechanical  cause;  a  dark  color  of  the  blood  is  inconsis- 
tent with  the  theory  of  death  from  carbon  monoxid  or  illumin- 
ating gas;  and  an  acid  reaction  of  the  contents  of  the  stomach, 
with  absence  of  the  odor  of  peach  blossoms,  is  antagonistic  to 
the  supposition  that  death  was  caused  by  potassium  eyanid. 

The  second  purpose  served  by  an  autopsy  and  a  pathological 
examination  is  probably  the  more  important  in  cases  of  supposed 
poisoning.  It  is  the  proof  of  the  existence  or  non-existence  of 
natural  causes  of  death  whose  symptomatology  resembles  the 
effects  of  a  given  poison  more  or  less  closely,  but  which  are 
attended  with  changes  in  the  appearance  of  organs  or  in  the 
structure  of  tissues  which  are  observable  with  certainty  in  a 
properly  conducted  autopsy,  aided  by  a  micro-pathological  ex- 
amination. Thus,  in  a  case  of  poisoning  by  morphin,  the 
pathologist  may  exclude  the  possibility  that  death  may  have 
been  due  to  cerebral  hemorrhage  or  to  disease  of  the  kidneys. 
The  presence  of  lesions  in  such  cases  materially  weakens  the 
proof  of  poisoning,  although  it  must  not  be  forgotten  that  kid- 
ney lesions,  for  instance,  are  quite  common,  and  that  a  person 
suffering  from  kidney  disease,  recognized  or  unrecognized  dur- 
ing life,  may  be  poisoned  by  morphin.  Indeed,  poisoners  have 
been  known  to  take  advantage  of  an  epidemic  of  Asiatic  cholera 
to  remove  their  victims  by  the  action  of  arsenic. 

Autopsies — by  Whom- and  How  Conducted.' 

The  practitioner  of  medicine,  not  specially  engaged  in  path- 
ological investigations,  should  avoid  assuming  the  responsibili- 
ties of  a  medico-legal  autopsy.     Indeed,  even  coroners'  physi- 
'  See  also  vol.  i.,  pp.  817-820;  833-864. 


THE  AUTOPSY.  135 

clans  are  more  frequently  found  ignorant  than  informed  of  the 
details  which  should  be  regarded  in  an  autopsy  after  death  sup- 
posed to  be  due  to  poison.  Whenever  it  is  possible  the  post- 
mortem examination  should  be  conducted  by  a  skilled  and  ex- 
perienced pathologist,  and  the  chemist  who  is  to  -make  the 
analysis  should  be  present. 

The  autopsy  should  be  made  as  soon  as  possible  after  death, 
the  earlier  the  better  for  the  success  of  both  pathological  and 
chemical  examinations.  If  made  after  putrefractive  changes 
have  modified  the  structure  of  the  tissues,  microscopic  altera- 
tions indicative  of  certain  diseased  conditions  can  no  longer  be 
observed,  and  in  a  still  more  advanced  condition  of  decay  but 
few  observations  of  modifications  in  gross  appearances  can  be 
made,  and  the  autopsy  becomes  merely  the  means  of  securing 
material  which  the  chemist  may  examine  for  mineral  poisons. 
The  pathologist  should,  however,  not  discourage  the  making  of 
an  autopsy  even  in  a  case  of  supposed  death  from  vegetable  or 
volatile  poison  merely  because  a  month  or  two  have  elapsed 
since  the  burial.  In  the  Harris  case  the  body  was  exhumed 
fifty-three  days  after  death,  and  in  the  Buchanan  case  forty- 
three  days  after,  and  both  bodies  were  found  in  a  condition  of 
preservation  sufficient  not  only  to  permit  of  accura-te  observa- 
tion of  gross  appearances,  but  also  to  a  certain  extent  of  the 
minute  structure  of  the  organs  and  tissues. 

The  autopsy,  consisting  of  the  external  and  internal  ex- 
aminations, should  be  made  with  due  regard  to  directions 
given  in  the  chapter  on  medico-legal  autopsies;^  and  the  notes 
of  the  observations  made  should  be  written  at  the  time  by  an 
assistant  at  the  dictation  of  the  examiner,  should  be  minute  and 
accurate  in  all  respects,  and  should  be  verified  by  the  examiner 
immediately  after  the  completion  of  the  autopsy,  while  the  organs 
may  be  reexamined  if  necessary. 

Under  no  circumstances  should  any  person  upon  whom  sus- 
picion of  criminality  in  the  case  under  examination  attaches  be 
permitted  to  be  present  at  the  autopsy,^  and  should  any  pro- 
fessional man  be  present  in  the  interests  of  an  accused  or  sus- 

'  See  vol.  i.,  pp.  833-864.  was  present  and  made  two  attempts 
^  At  the  autopsy  upon  the  body  of  to    interfere    with    the    proper    re- 
Cook,     Palmer,     who     was     subse-  moval  of  the  stomach  for  analysis, 
quently   executed    for   his   murder,  "Times  Report  of  Trial,"  p.  21. 
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pected  person,  his  function  should  be  strictly  limited  to  that  of 
a  spectator.' 

External  Examination. 

The  exterior  of  the  cadaver  should  first  be  carefully  inspected 
and  note  taken  of  the  following  points :  1.  The  sex  and  apparent 
age.  2.  The  identity.  If  identified,  by  whom;  if  unknown, 
any  marks,  scars,  etc.,  useful  for  identification  should  be  noted.^ 
3.  The  exact  time  after  death  when  the  autopsy  is  made  if 
known;  if  not,  the  apparent  time.  4.  The  degree  of  rigidity. 
5.  The  condition  of  preservation.  6.  Whether  the  hair  is  loos- 
ened or  colored  at  the  roots.  7.  The  condition  of  dilatation  of 
the  pupils  (in  early  autopsies).  8.  The  general  color  of  the  sur- 
face. 9.  Any  discolorations  of  the  surface,  and  their  exact  loca- 
tion and  appearance.  10.  Any  wounds,  particularly  incisions  or 
punctures,  made  for  embalming,  over  the  carotid,  brachial,  fem- 
oral, or  tibial  arteries  or  in  the  abdominal  walls,  or  evidences  of 
hypodermic  injections.  11.  Any  particles  of  foreign  matter 
found  between  the  teeth  or  in  the  mouth  should  be  preserved. 
12.  If  an  autopsy  has  been  previously  made,  note  the  fact,  and 
the  condition  in  which  the  organs  are  found. 

Internal  Examination. 

In  this  place  it  is  only  necessary  to  allude  to  the  precautions 
which  should  be  taken  in  the  removal  of  parts  for  analysis. 
These  should  consist  of:  1.  The  stomach,  ligated  at  both  ex- 
tremities and  unopened.  2.  The  intestine,  from  the  duodenum 
to  the  lower  rectum,  also  ligated  and  unopened.  3.  The  entire 
liver.  4.  Both  kidneys  (preserved  in  separate  jars).  5.  The 
entire  brain.  6.  The  spleen.  7.  A  large  piece  of  muscular  tissue 
from  the  thigh.  8.  Any  urine  which  remains  in  the  bladder, 
which  may  be  collected  before  opening  the  abdomen  by  passing 
a  catheter  into  the  bladder  and  receiving  its  contents,  expelled  by 

'  When  a  coroner  directs  a  post-  to  be  present;  he  loses  no  legal  right 

mortem  exammation,    he    may,    in  by     being     excluded.     Crisfield    v. 

his    discretion,    determine   whether.  Ferine,  15  Hun.   200-affd    SI  N.Y., 

any  person  shall  be  present  besides  622. 

the   surgeons      And   it   seems   that  ^  See  "Identity,"   vol.  i.,  p.  867, 

one  suspected  of  the  munler  of  the  seq. 
person  to  be  examined  has  no  right 
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pressure  upon  the  abdomen,  into  a  phial.  9.  A  portion  of  the 
blood  from  the  heart  and  great  vessels.  10.  The  fluid  which 
collects  in  the  thoracic  and  abdominal  cavities  during  the 
autopsy.*  11.  The  lungs.  Before  placing  the  liver,  kidneys, 
lungs,  and  brain  in  their  respective  jars  as  described  below  they 
are  to  be  examined  as  to  their  gross  appearance,  and  the  small 
portions  required  for  pathological  examination  removed  and  pre- 
served in  the  strongest  obtainable  alcohol,  apart  from  the  re- 
mainder of  the  organs  destined  for  chemical  analysis. 

It  is  rare  that  all  the  parts  of  the  cadaver  mentioned  are 
subjected  to  analysis,  but  at  the  time  of  the  autopsy,  which  is 
usually  made  soon  after  suspicion  is  first  aroused,  one  cannot  tell 
in  what  direction  an  examination  may  become  necessary  in  the 
light  of  later  developments.  A  second  autopsy  is  always  more 
unsatisfactory  than  a  first,  because  of  disturbance  of  the  organs 
and  post-mortem  imbibition,  is  frequently  difficult  to  obtain,  and 
may  have  become  impossible  by  cremation  of  the  cadaver.  In 
the  Patrick-Rice  case  there  was  no  suspicion  of  the  use  of  a 
volatile  poison  at  the  time  of  the  autopsy  and,  as  the  cadaver  was 
reeking  with  formalin,  the  author  considered  it  to  be  unnecessary 
to  preserve  the  lungs,  a  decision  which  he  subsequently  had  cause 
to  regret  deeply  when  the  case  developed  into  one  of  chloroform 
poisoning. 

The  whole  of  each  of  the  viscera  mentioned,  except  such 
small  portions  as  are  taken  by  the  pathologist,  are  required 
for  the  analysis,  because,  the  distribution  of  poisons  not  being 
uniform  in  them,  quantitative  determinations  can  only  be  made 
from  properly  sampled  fractions  of  the  whole  comminuted  and 
thoroughly  mixed  organ. 

Each  of  the  organs  mentioned  should  be  placed  by  itself  in 
a  new  glass  jar  of  suitable  size,  which  has  been  well  rinsed  out 
with  water,  preferably  distilled  water,  and  which  is  to  be  closed 
with  a  glass  cover^  or  stopper,  or  with  a  cork  tied  over  with 
moistened  bladder  or  parchment  paper.  Jars  having  metallic 
caps  should  never  be  used.  The  outside  of  the  jar  and  cover 
having  been  thoroughly  dried  (in  order  that  sealing-wax  may 

'  This  may  be  removed  by  a  new  ^  The  so-called  "anatomical  jars  " 

sponge  which  has  been  previously  are   the  best  for   the  purpose,   the 

soaked   in  dilute  hydrochloric  acid  rubber  gasket  having  been  replaced 

and    then    washed    with    water    to  by  one  of  parchment  paper, 
neutrality. 
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adhere  to  the  glass),  a  cord  or  tape  is  to  be  tied  about  them  and  so 
fastened  to  the  glass  by  sealing-wax,  bearing  a  private  imprint, 
that  it  is  impossible  to  gain  access  to  the  contents  without  break- 
ing the  seals  or  cutting  the  cords  or  tapes.  If  a  cork  be  used  it 
should  not  be  covered  with  the  wax.  No  preservative  should  be 
added,  unless  the  parts  must  be  kept  for  several  days  at  room 
temperature  before  transmission  to  their  destination.  Under 
these  undesirable  conditions  alcohol  or  a  2  to  4  per  cent,  solution 
of  formalin  only  should  be  used,  and  if  used,  generous  samples 
must  be  separately  submitted  for  analysis.  A  cold-storage  re- 
ceptacle should  be  resorted  to  if  available. 

In  removing  and  transmitting  the  parts  destined  for  analysis 
the  examiner  should  exercise  the  minutest  care  to  prevent  the 
possibihty  of  error,  contamination,  or  loss.  Each  organ  as  re- 
moved, and  after  examination  as  to  its  gross  appearance  and 
removal  of  such  fragments  as  may  be  required  for  microscopic 
examination,  should  be  transferred  to  its  jar  and  immediately 
sealed  by  an  assistant,  under  the  observation  of  the  examiner, 
and  with  his  private  seal.  In  making  the  sections  of  organs 
after  their  detachment  they  should  never  be  placed  upon  a  table, 
nor  upon  any  surface  of  whose  cleanliness  the  examiner  is  not 
personally  assured,  but  should  be  supported  either  by  the  hand 
of  the  examiner  or  upon  a  new  and  clean  dish  or  plate.  Nor 
should  any  part  intended  for  analysis  be  permitted  to  pass,  even 
for  a  moment,  into  the  hands  of  any  person  other  than  the  ex- 
aminer or  the  chemist.  After  having  been  properly  sealed  the 
jars  containing  the  viscera  should  remain  in  the  custody  of  the 
examiner  until  they  are  transmitted  by  him  to  the  chemist,  and, 
immediately  before  their  transmission,  the  integrity  of  the  seals 
should  be  verified.  If  no  preservatives  have  been  used,  and  if 
more  than  forty-eight  hours  have  elapsed  since  the  autopsy, 
when  the  jars  containing  the  viscera  are  sent  to  a  distance  it  is 
advisable  to  release  the  pressure  upon  the  covers  sufficiently  to 
allow  any  accumulated  gas  to  escape,  as  sometimes  the  pressure 
so  produced  has  been  sufficient  to  cause  the  fracture  of  the  jars 
when  they  are  subjected  to  agitation  in  transit. 

The  stomach  and  intestines  should  not  be  opened  until  they 
reach  the  chemist's  laboratory,  and  when  they  are  opened  he 
should  proceed  with  the  analysis  for  volatile  poisons  as  expe- 
ditiously as  possible.     It  is  highly  desirable  that  the  pathologist 
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and  chemist  should  both  be  present  when  the  stomach  and  intes- 
tines are  opened,  and  that  the  former  should  then  note  the  ap- 
pearance of  the  mucous  membrane  and  take  sections  of  the 
tissue,  and  samples  of  the  contents  and  scrapings  from  the  sur- 
face for  microscopic  examination.  If  such  joint  work  be  not 
possible,  the  chemist  should  carefully  note  the  condition  of  the 
gastric  and  intestinal  walls,  their  degree  of  preservation,  whether 
thinned  or  thickened,  or  softened,  the  color  and  appearance  of 
the  gastric  and  intestinal  mucous  membranes  in  detail,  locating 
any  peculiarity  in  color  or  texture;  and  should  dehver  to  the  path- 
ologist sections  cut  through  all  the  coats  of  the  stomach  and 
intestines,  taken  particularly  at  any  point  where  ulceration, 
thickening,  or  other  unusual  appearances  are  observed. 

In  exceptional  instances  the  body  has  been  more  or  less 
completely  eviscerated  and  the  internal  parts  removed.  Thus 
in  the  Affaire  Gloeckler,  in  1846,'  the  internal  organs  were  re- 
moved from  the  cadaver  and  thrown  into  a  privy,  whose  con- 
tents were  subsequently  spread  upon  a  field,  where  the  heart, 
liver,  and  one  kidney  were  found.  In  the  Shann  case,  in  New 
Jersey  in  1893,  all  the  internal  organs  of  the  trunk  except  the 
bladder  and  one  kidney  were  removed.^     In  such  instances  any 

'  Devergie,     "M6d.    l^g., "    36me  plus  a  very  bad  sore  throat  and  an 

ed.,  iii.,  563.  ulcer  in  the  inside   of   the   mouth, 

^  We  are  indebted  to  Dr.  J.  Stock-  which  almost  perforated  the  cheek 

ton  Hough,  of  Trenton,   N.  J.,  for  before  death.     In  the  prescriptions 

an     opportunity     to     consult     the  written  for  the  patient  during  his 

stenographer's  minutes  in  this  ex-  illness  calomel  was  the  only  mercurial 

traordinary   case.     Mrs.    Mattie    C.  given,  of  which  the  total  quantity 

Shann,  a  widow,  was  tried  for  the  used   in   the   Shann   family   during 

murder  of  her  son,  John  F.  Shann,  this  period  was  2^  grains.     A  drug- 

at  the  Mercer  County  (N.  J.)  Oyer  gist,  during  John's  illness,  refilled  a 

and   Terminer,    August,    1893,    and  prescription    for    antiseptic    tablets 

acquitted,  the  motive  alleged  by  the  containing  corrosive  sublimate  three 

State  having  been  to  obtain  the  pay-  or  four  times  for  the  defendant  or 

ment  of  insurances  upon  the  life  of  her     seventeen-year-old     daughter, 

the  deceased,  which  had  been  written  Mabel.     There    was    evidence    that 

some  six  months  before  his  death.  John    had    taken    other    medicine 

The  deceased,  about  twenty  years  than  that  ordered  by  Dr.  Bergen,  the 

of  age,  and  residing  with  his  mother  nature    of    which   did   not  appear, 

at  Princeton,  was  taken  sick  about  and,  it  was  claimed  by  the  defense, 

February  22d,  1893,  took  to  his  bed  had  contracted  syphilis  during  the 

March  6th,  and  died  early  on  the  preceding  Christmas  holidays.     The 

morning  of  April  18th,  having  been  body  was  laid  on  a  cooling  board, 

attended  during  his  illness  by  the  in  a  room  in  which  the  defendant 

family  physician.  Dr.  Bergen.     The  and    her    daughter    slept,    by    an 

physician  diagnosed  the  case  as  one  undertaker,  a  cousin  of  the  deceased, 

of  gastritis,  which  he  assigned  as  the  the    following    morning.     Cloths 

cause  of  death  in  his  certificate.    The  dipjjed     in     "Utopia"     embalming 

symptoms   were   those   of  gastritis,  liquid  were  laid 'upon  the  stomach, 
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remaining  contents  of  the  thorax,  abdomen,  or  pelvis  which  may 
be  found  should  be  carefully  preserved  for  analysis,  as  well  as  the 
brain  and  large  portions  of  muscular  tissue.  Diligent  search 
should  be  made  for  the  missing  organs,  and  the  appearance  of 
what  remains  of  the  cadaver  should  be  minutely  noted,  as  to 
how  the  evisceration  was  performed,  whether  by  a  skilled  hand 
or  otherwise,  and  whether  the  body  had  been  embalmed  previous 
to  evisceration. 

PosT-MoRTEM  Appearances  of  Toxicological 
Significance. 

External  Appearance. — Rapidly  acting  poisons  do  not 
modify  the  general  appearance  of  nutrition  of  the  cadaver. 
After  death  from  poisons  causing  inanition,  or  whose  action  is 
attended  with  the  loss  of  notable  quantities  of  fluid,  the  body  is 
emaciated,  sometimes  to  complete  loss  of  subcutaneous  fat;  as 
after  death  from  the  secondary  effects  of  corrosives,  and  after 
prolonged  poisoning  by  arsenic,  mercury,  or  lead. 


hands,  and  face  and  about  a  tea- 
spoonful  was  injected  into  the  sore 
upon  the  face,  but  the  body  was  not . 
embalmed,  the  defendant  desiring 
that  it  should  not  be  done.  The 
body  was  last  seen  in  an  unmutilated 
state  by  the  undertaker  at  about 
10  A.  M.  on  the  19th,  and  at  about 
the  same  time  by  the  local  agent  of 
the  life  insurance  company.  From 
that  time  until  about  3  A.  M.  on  the 
20th,  when  the  body  had  been 
mutilated,  it  was  not  seen,  so  far 
as  the  evidence  shows,  except  by  the 
defendant  and  her  two  daughters. 
One  of  these,  Mamie  Kelly,  alleges 
that  she  saw  the  body  intact  at  two, 
five,  and  nine  o'clock  on  the  19th, 
at  five  o'clock  in  the  presence  of 
another  person  who,  however,  flatly 
contradicts  her  in  his  evidence.  At 
about  5  p.  M.  on  the  18th  an  agent  of 
the  insurance  company  asked  to  see 
the  body  and  was  refused  permis- 
sion by  the  defendant;  and  at  about 
eleven  o'clock  on  the  evening  of 
April  19th  the  defendant  was  in- 
formed that  the  insurance  com- 
pany's physician  would  make  an 
autopsy  on  the  following  morning. 
At  three  o'clock  on  the  morning  of 
the  same  night  the  defendant  awak- 


ened one  of  her  male  lodgers,  to 
whom  she  related  the  particiilars 
given  below,  and  who  at  her  request 
looked  at  the  body  and  found  blood 
stains  on  the  sheet  upon  which  it 
lay,  and  on  the  canopy  which  cov- 
ered it.  At  about  seven  to  eight 
o'clock  the  same  morning  (April 
20th)  Dr.  Bergen  examined  the 
body  sufficiently  to  see  that  the  ab- 
domen had  been  cut  open  and  its 
contents  removed.  The  body  was 
transferred  to  Trenton  by  the  county 
physician  that  evening  and  an  ex- 
amination was  made  the  following 
day,  April  21st,  when  it  was  found 
that  all  the  contents  of  the  abdomi- 
nal and  thoracic  cavities  had  been 
removed,  with  the  exception  of  one 
kidney,  the  bladder,  which  had  been 
slit,  about  three  inches  of  the  rec- 
tum, and  parts  of  the  cesophagus  and 
trachea.  Some  of  the  brain,  the 
kidney,  and  some  bloody  matter 
from  the  abdomen  were  put  into  one 
iar  together,  and  about  two  and  a 
half  inches  of  the  rectum  in  another. 
These  were  analyzed  by  Professor 
Wormley,  who  found  about  i  grain 
of  mercury  in  the  contents  of  the 
first  jar  and  about  ^  grain  in  the 
piece  of  rectum.     On  May  13th  the 
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Usually  there  is  a  slight  elevation  of  the  temperature  of  the 
cadaver  immediately  after  death,  after  which  it  gradually  falls, 
reaching  that  of  the  surrounding  air  in  from  fifteen  to  twenty 
hours.  In  many  forms  of  poisoning  the  body  temperature  falls 
notably  before  death,  when  the  cooling  of  the  cadaver  is  complete 
in  a  much  shorter  period.  On  the  other  hand,  after  death  from 
carbon  monoxid  the  process  is  much  slower,  occupying  from  one 
to  three  days. 

Rigor  mortis  usually  begins  within  six  hours  after  death, 
and  gives  place  to  flaccidity  in  from  sixteen  to  twenty-four  hours. 
But  in  poisoning  by  strychnin  and  other  spinal  poisons,  when 
death  occurs  during  a  spasm,  the  muscles  remain  rigid  until  rigor 
mortis  supervenes,  and  this  continues  sometimes  for  several  days. 
In  such  cases  the  cadaver  also  remains  in  the  characteristic 
posture  of  the  spasm.  After  death  from  narcotics  or  from 
phosphorus  post-mortem  rigidity  is  less  pronounced  than  usual. 

After  a  phosphorus  poisoning  of  not  too  short  duration  the 
entire  surface   (and  the  tissues  as  well)   is  icteric.     A  yellow 


body  was  exhumed  and  the  remain- 
der of  the  brain,  the  bladder,  the 
fractions  of  oesophagus  and  of 
trachea,  the  larynx,  both  tonsils, 
both  parotid  glands,  an  ulcer  in  the 
cheek,  the  calves  of  both  legs,  and  a 
part  of  the  muscles  of  the  right  thigh 
were  removed,  placed  in  six  jars 
and  submitted  to  Professor  Corn- 
well,  who  found  them  to  contain 
mercury.  No  trace  was  found  of  the 
viscera  removed  from  the  body. 
The  officers  of  the  insurance  com- 
pany denied  any  knowledge  of  their 
removal.  The  defendant  related 
that  during  the  night  of  the  eviscer- 
ation "three  persons  dressed  in 
storm  coats,  slouch  hats,  and  whose 
general  appearance  (but  not  with 
much  particularity)  she  described, 
came  to  her  front  door,  rang  the  bell; 
she  arose,  went  down,  opened  the 
door,  admitted  these  three  men. 
That  they  insisted  upon  seeing  the 
body  of  her  son — she  refused;  they 
continued  to  insist,  and  in  answer  to 
some  questions,  she  told  them  where 
the  body  lay.  Two  of  them  went 
upstairs  and  entered  the  room  where 
the  body  lay.  They  came  down 
after  some  length  of  time,  she  being 
meanwhile  detained  by  a  third  per- 


son at  the  foot  of  the  stairs  by  vio- 
lence, who  threw  her  twice  against 
the  wall  when  she  attempted  to  go 
upstairs;  that  then  they  departed 
and  left.  Whether  they  had  any- 
thing with  them  or  not  she  was  un- 
able to  say.  During  this  time  the 
lamp  was  on  the  table  in  the  hall, 
which  she  had  brought  down,  burn- 
ing. She  says  that  her  condition 
of  mind  under  the  circumstances 
was  such  that  she  thought  these 
persons  came  from  the  insurance 
company  to  make  some  examination 
or  otherwise,  and  that  she  was  so 
affected  by  it  that  she  was  unable  to 
make  any  outcry,  or  do  anything  so 
as  to  arouse  any  of  the  boarders  in 
the  house,  or  her  daughter,,  or  Aunt 
Eliza  who  slept  in  a  room  about 
eight  feet  from  where  she  stood,  de- 
tained by  one  of  these  three  men" 
[charge  of  Judge  Abbott].  There 
was  some  collateral  evidence  in  cor- 
roboration of  minor  points  of  this 
testimony,  but  no  dn-ect  evidence 
in  support  of  it  by  any  of  the  six 
boarders  in  the  house  at  the  time; 
and  the  daughter,  Mabel,  slept, 
without  awakening,  within  a  few 
feet  of  the  cadaver  during  the  en- 
tire period. 
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color  of  the  skin  (and  internal  organs),  usually  in  limited  areas, 
is  also  observed  in  exhumed  bodies  which  have  been  embalmed 
with  arsenic.  After  death  from  carbon  monoxid  or  illuminating 
gas  the  skin  is  bright  red  in  color,  particularly  on  the  inner  sur- 
faces of  the  thighs.  A  cyanotic  appearance  is  observed  after 
death  from  nitro-benzene.  The  formation  of  cadaveric  lividity 
or  hypostasis  is  not  of  toxicological  significance,  except  as  in- 
dicating the  progress  of  putrefaction.  The  formation  of  stains  or 
eschars,  red,  brown,  black,  yellow,  or  white,  by  contact  of  cor- 
rosives, usually  about  the  mouth  or  upon  the  chin  or  breast,  or 
the  presence  or  cicatrices  resulting  therefrom,  constitute  quite 
characteristic  indications. 

The  cadaver  may  exhale  the  odor  of  a  highly  odorous  poison, 
such  as  ammonia  or  hydrocyanic  acid. 

After  phosphorus  poisoning  the  mouth,  teeth,  and  lips  may 
present  a  luminous  appearance  in  the  dark. 

In  the  Blood. — Manj^  poisons  act  chemically  in  or  upon 
the  blood,  and  produce  changes  in  its  appearance  observable  at 
the  autopsy.  The  blood  is  found  to  be  frothy  from  the  pres- 
ence of  bubbles  of  gas,  if  the  autopsy  be  made  soon  after  death 
from  hydrogen  peroxid,  which  may  cause  death  by  the  mechan- 
ical action  of  the  gaseous  oxygen  which  it  liberates  on  being 
decomposed  in  the  blood.  A  similar  appearance  has  been  ob- 
served in  animals  poisoned  by  diazobenzene  salts,  which  gener- 
ate free  nitrogen  when  decomposed  in  the  blood,  and  also  in 
some  cases  of  death  from  chloroform  and  ether  in  the  human 
subject. 

The  COLOR  of  the  blood  is  dark  after  death  from  the  action 
of  poisons  which  interfere  with  the  proper  oxygenation  of  its 
coloring  matter,  as  morphin,  strychnin,  or  carbon  dioxid,  or 
which  act  chemically  upon  it,  with  formation  of  methsemo- 
globin,  or  hsematin,  or  of  sulfhsemoglobin,  as  potassium  chlor- 
ate, and  hydrogen  sulfid.  It  is  bright  red  after  poisoning  by 
carbon  monoxid.      (See  Physical  Examination,  p.  149.) 

Unusual  coagulation  of  the  blood  is  observed  after  death 
from  castor  oil  beans,  jequirity,  or  the  mineral  alkalies;  while 
the  blood  is  fluid  when  death  has  been  caused  by  strychnin, 
morphin,  chloroform,  oxalates,  carbon  monoxid,  etc. 

Certain  poisons  cause  a  more  or  less  complete  destruction  and 
solution  of  the  red  blood  corpuscles,   sometimes  so  extensive 
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that  the  blood  in  thin  layers  appears  perfectly  transparent  and 
uniform  in  consistency,  while  normal  blood  obstructs  the  passage 
of  light,  even  when  in  very  thin  strata.  This  solution  of  cor- 
puscles is  observed  after  poisoning  by  hydrogen  arsenid  and  by 
certain  fungi. 

In  the  Brain  and  its  Coverings. — The  odors  of  ether,  chloro- 
form and  hydrocyanic  acid  may  sometimes  be  observed  on 
opening  the  cranial  cavity,  even  when  they  are  not  detectable  in 
the  abdomen  or  thorax.  Congestion  of  the  cerebral  and  menin- 
geal blood-vessels  and  effusions  of  serum  into  the  ventricles  and 
beneath  the  arachnoid  are  usually  found  after  death  caused  by 
acute  poisoning  by  alcohol,  morphin,  cocain,  nicotin,  coniin, 
strychnin,  etc.  After  late  death  from  carbon  monoxid  sometimes 
areas  of  hemorrhagic  necrosis  and  softening  which  are  quite 
characteristic  are  observed. 

In  the  Thoracic  Organs. — Effusions  into  the  pericardium  and 
pleura  are  found  after  death  from  many  poisons.  An  unusually 
contracted  condition  of  the  left  heart  is  sometimes  found  after 
death  from  digitalin  and  veratrin;  and  endocardial  ecchymoses 
are  frequently  observed  after  death  from  arsenic.  The  heart 
muscle  is  the  seat  of  fatty  degeneration  in  death  from  arsenic, 
antimony,  and  phosphorus. 

The  lungs  are  congested  and  sometimes  oedematous  in  poison- 
ing by  morphin,  nicotin,  pilocarpin,  and  certain  fungi,  and  highly 
so  after  death  from  the  inhalation  of  irritant  gases  or  vapors. 
In  such  cases  the  odor  of  the  gas  or  vapor  if  it  have  one,  may 
be  observed  on  opening  the  thorax. 

In  the  Abdominal  Viscera. — It  is  here  chiefly  that  post- 
mortem appearances  of  toxicological  interest  are  to  be  found. 
On  opening  the  abdomen,  the  characteristic  odor  of  a  given 
poison  may  sometimes  be  observed;  the  garlic  odor  of  phos- 
phorus, the  peach-blossom  odor  of  hydrocyanic  acid,  the  tur- 
pentine-like odor  of  savin,  the  characteristic  odors  of  phenol, 
camphor,  alcohol,  etc. 

The  peritoneal  surface  of  the  abdominal  organs,  par- 
ticularly the  stomach  and  adjacent  parts,  is  found  reddened,  in- 
flamed, ecohymotic,  and  the  blood-vessels  injected  after  death 
from  the  action  of  powerful  irritants  and  corrosives.  The 
peritoneal  cavity  may  contain  serous,  purulent,  or  bloody  exu- 
dations, or  even  the  contents  of  the  stomach,  if  the  walls  of 
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that  organ  have  been  powerfully  attacked  or  perforated  by  a 
corrosive. 

The  appearance  of  the  external  surface  of  the  stomach  and 
its  degree  of  distention  are  to  be  noted,  the  organ  being  held  by 
its  two  extremities  before  a  good  light.  If  its  size  depart  from 
the  normal  it  is  to  be  measured  and  its  dimensions  noted.  The 
contents  are  then  removed  by  holding  the  stomach  by  its  two 
extremities  over  a  clean,  weighed  beaker,  and  making  an  in- 
cision with  a  scissors  at  the  most  dependent  part.  The  beaker 
and  contents  are  weighed  and  the  weight  of  the  latter  deter- 
mined by  subtraction  of  the  weight  of  the  beaker.  A  mark  is 
placed  on  the  outside  of  the  beaker  at  the  level  of  the  contents 
that  their  volume  may  be  subsequently  determined.  The  color, 
consistency,  and  odor  of  the  contents  are  noted  and  portions  of 
the  solid  part  removed  for  microscopic  examination  (see  below). 
The  reaction  is  determined.  An  alkaline  reaction  may  be  due 
to  caustic  alkalies,  alkaline  earths,  or  potassium  cyanid,  or  to 
the  administration  of  alkaline  antidotes.  An  intensely  acid  re- 
action may  be  due  to  acids  or  to  acid  salts.  The  contents  are 
observed  in  the  dark;  they  are  luminous  in  the  presence  of  phos- 
phorus provided  alcohol  or  oil  of  turpentine  be  not  present. 

To  examine  the  mucous  surface  of  the  stomach  it  is  divided 
from  end  to  end  along  the  greater  curvature  and  spread  out, 
with  the  mucous  surface  upward,  upon  a  new  and  clean  plate  or 
dish.  The  characters  of  adherent  particles  are  first  noted  carefully 
by  examination  with  the  unaided  eye,  then  with  a  hand  mag- 
nifier of  about  two  diameters  and  the  microscope.  In  this  man- 
ner valuable  information  is  sometimes  rapidly  obtained.  Arsenic 
trioxid,  if  taken  in  substance,  is  frequently  found  in  the  shape  of 
octahedral  crystals,  accompanied  or  not  by  white  amorphous 
particles,  and  sometimes  tinged  yellow  by  formation  of  the 
trisulfid  during  putrefaction.  Crystals  of  white  arsenic  ac- 
companied by  black  particles  of  carbon  indicate  that  the  poison 
was  taken  as  "rough  on  rats"  or  some  similar  combination  of 
arsenic  and  soot,  in  substance.  Green,  metallic  particles  may  be 
found  adherent  to  the  walls  of  the  stomach  in  poisoning  by  Paris 
green,  and  green  scales  when  death  has  been  caused  by  canthari- 
des.  Small  fragments  of  wood  with  sulfur  attached  have  been 
found  when  match  heads  have  been  taken,  and  fragments  of 
various  seeds   and  other  vegetable  tissues  after  nux  vomica, 
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stramonium,  savin,  aconite,  tobacco,  and  other  poisonous 
vegetable  drugs  have  been  taken  in  substance.  Sometimes  also 
particles  of  a  peculiar  food  substance,  or  of  one  peculiarly 
modified,  as  by  the  presence  of  mould,  may  serve  to  identify  the 
vehicle  in  which  the  poison  was  administered. 

After  any  particles  adherent  to  the  walls  of  the  stomach  have 
been  examined  and  collected,  the  mucous  surface  is  to  be  washed 
with  a  small  quantity  of  distilled  water  (which  should  be  pre- 
served for  examination  along  with  the  contents).  The  appear- 
ance of  the  mucous  membrane  is  to  be  carefully  noted,  and  any 
departures  from  the  normal  located.  Excoriations,  ulcerations, 
erosions,  and  even  perforations  are  found  after  death  from  the 
immediate  effects  of  corrosives,  or  marked  thickening,  ulcera- 
tion, absence  of  epithelium,  and  contraction  of  one  or  both  ori- 
fices after  death  from  their  secondary  effects.  Irritant  poisons, 
whether  mineral,  animal,  or  vegetable:  arsenic,  antimony,  po- 
tassium cyanid,  croton  oil,  savin,  many  ethereal  oils,  canthar- 
ides,  etc.,  produce  more  or  less  intense  inflammation,  marked 
by  redness,  sometimes  diffused  over  the  entire  mucous  surface 
and  darker  in  the  depressions  between  the  rugae,  sometimes  of 
a  dotted  or  petechial  character;  and  by  more  or  less  injection  of 
the  blood-vessels. 

With  corrosives  and  some  poisons  similar  changes  are  observed 
in  the  oesophagus,  pharynx,  and  mouth.  With  volatile  corrosives 
and  poisons,  such  as  hydrochloric  acid,  ammonia,  chlorin,  etc., 
the  larynx  and  trachea  are  the  seat  of  intense  inflammation; 
and  may  be  eroded  if  a  liquid  corrosive  has  been  aspirated. 

The  INTESTINES  are  to  be  dissected  from  the  mesentery,  di- 
vided at  the  ileo-caecal  valve,  and  the  small  and  large  intestines 
separately  examined  in  the  same  manner  as  the  stomach,  the 
contents  being  removed  either  by  "stripping"  each  portion  be- 
tween the  index  and  middle  finger  from  above  downward  or 
preferably,  by  the  handle  of  the  scalpel  after  the  gut  has  been 
opened  by  the  enterotome.  Irritant  poisons  produce  more  or 
less  extensive  intestinal  inflammation,  particularly  in  the  upper 
part  of  the  small  intestine  and  in  the  large  intestine.  Or  the 
upper  part  of  the  small  intestine  may  be  pecuharly  colored: 
green  by  Paris  green  or  the  salts  of  copper;  brown  by  iodin, 
potassium  dichromate,  or  phosphorus;  yellow  by  picric  acid, 
lead  chromate,  or  nitric  acid;  black  by  silver. 
IV— 10 
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The  LIVER,  HEART,  and  kidneys  are  the  seat  of  fatty  degen- 
eration in  poisoning  by  phosphorus,  arsenic,  antimony,  iodin, 
and  certain  fungi  and  in  "delayed"  chloroform  poisoning. 

The  kidneys  are  the  seat  of  active  hyperemia  in  poisoning 
by  cantharides,  turpentine,  iodin,  etc.  They  crackle  on  section 
and  contain  crystalline  deposits  of  calcium  oxalate  after  death 
from  oxalic  acid  or  the  oxalates,  or  infarcts  of  calcium  carbonate 
in  poisoning  by  the  mercurials;  and  they  contain  reddish-brown 
casts,  visible  to  the  unaided  eye,  after  death  from  mineral  acids 
or  alkalies,  potassium  chlorate,  etc. 

In  poisoning  by  the  compound  ammonias  (hydroxylamin,  me- 
tatoluidin,  etc.),  the  kidneys  and  spleen  are  pigmented,  and 
pigmentary,  murifbrm  masses  are  found  in  the  latter  organ. ^ 

EVIDENCE  FROM  THE  PRESENCE  OF  POISON  IN  THE 
CADAVER. 

If  post-mortem  introduction  of  poison  be  excluded,  the  most 
satisfactory  evidence  of  poisoning  is  from  the  demonstration  of 
the  presence  of  the  toxic  agent  in  the  cadaver. 

This  may  be  attained  by  one  of  three  methods  or  a  combina- 
tion of  them:  The  physical  examination,  by  which  the  poison 
is  identified,  when  present  in  substance,  by  its  appearance, 
crystalline  form,  color,  etc.,  or  by  spectroscopic  or  other  physical 
examination;  the  chemical  analysis,  by  which  the  dissolved  or 
absorbed  poison  is  separated  in  a  form  which  permits  of  its 
identification  by  its  physical  characters  and  chemical  reactions; 
and  the  physiological  examination,  by  which  the  nature  of  the 
poison  is  determined  by  observation  of  its  effects  upon  animals, 
by  "life  tests."  These  three  methods  are  used  jointly,  and  to- 
gether constitute  a  toxicological  analysis. 

CONDITIONS  OF  A  TOXICOLOGICAL  ANALYSIS. 

The  expert  selected  to  perform  the  analysis  must,  of  neces-. 
sity,  be  a  chemist  of  experience.^  He  should  also  be  a  graduate 
in  medicine  and  familiar  with  the  methods  of  physiological  ex- 

'Pilliet:  Compt.  rend.  soc.  bioL,  a  child  and  swore  positively  to  the 

Paris,  1804,  10  S.,  i.,  331.  presence  of  arsenic  before  the  coro- 

'  As  recently  as  1861  (Phar.  Jour.  ner.     The  jury  demanded  a  further 

and     Trans.,     1860-61,     n.     s.,     ii.,  examination   by   a    chemist,   which 

614)   two  medical  men  in  England  was    made    and    demonstrated   the 

analyzed  (?)  portions  of  the  body  of  absence  of  arsenic. 
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perimentation.  Indeed,  the  peculiar  experience  and  training 
requisite  to  enable  one  properly  to  conduct  an  intricate  toxi- 
cological  analysis  are  such  that  only  most  exceptionally  can 
persons  truly  competent  be  found,  except  among  those  who  in 
the  larger  institutions  of  medical  and  pharmaceutical  instruc- 
tion have  devoted  themselves  specially  to  this  subject. 

In  some  countries,  as  in  France,  the  analysis  is  entrusted  to 
two  experts,  who  conduct  the  operations  jointly.  In  a  circular 
of  February  6th,  1867,  the  French  Minister  of  Justice  deprecates 
the  multiplication  of  experts  in  the  following  language :  "  Under 
the  pretext  of  reaching  greater  certitude  and  of  carrying  to  the 
mind  more  entire  conviction,  magistrates  show  themselves 
much  too  ready  to  call  in  at  once  and  without  distinction  two 
and  even  three  experts.  This  is  a  regrettable  tendency  against 
which  we  must  contend.  In  fact,  the  expert  investigation  does 
not  bind  either  the  magistrates  or  the  defense,  and  the  number 
(of  experts)  which  always  delays  the  solution  of  questions  in- 
volved is  no  guaranty  of  the  value  of  the  work. 

"It  seems  evident  to  me,  in  fact,  that  expert  investigations 
draw  their  force  much  less  from  the  number  of  specialists  con- 
sulted than  from  the  well-known  merit,  knowledge,  and  in- 
tegrity of  the  expert.  It  frequently  happens  that  a  report  offers 
all  the  more  security  when  it  is  signed  by  a  single  expert,  be- 
cause the  responsibility  falls  upon  him  alone,  because  he  has 
verified  everything  himself,  and  because  no  opinion  is  expressed 
as  a  sort  of  compromise. 

"  It  is  therefore,  I  repeat,  by  knowing  how  to  choose  the  ex- 
pert to  whom  a  mission  is  confided,  and  not  in  multiplying  their 
number,  that  one  assures  all  the  importance  which  it  should 
have,  to  this  aid  to  the  information  which  is  necessary  in  many 
cases.  .  .  . 

"It  is  hardly  necessary  that  I  should  add  that  all  the  rules 
which  I  have  laid  down  apply  to  chemical  analyses."' 

In  these  views  we  heartily  concur,  as  we  have  found  that 
the  collaboration  of  two  experts  greatly  increases  the  time  nec- 
essarily consumed  in  the  analysis  and  in  the  exchange  of  views 
concerning  the  propriety  of  the  steps  to  be  taken,  without  in  any 
way  rendering  the  result  more  reliable  than  if  reached  alone 
by  the  more  experienced  analyst. 

1  Dubrac:     "Traits  de  jurispr.  med., "  etc.,  Paris,  1893,  pp.  193,  194. 
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Still  more  superfluous,  and  even  subversive  of  accuracy  of 
the  results  of  so  delicate  an  investigation,  is  the  presence  during 
the  analysis  of  the  purely  medical  examiner  which  was  required 
in  Russia.' 

No  person  whose  ability  or  integrity  is  open  to  the  doubt 
implied  by  the  requirement  of  testimony  at  the  mouth  of  two 
witnesses,  or  whose  perception  of  color  is  deficient,  should  ever 
be  entrusted  with  a  toxicological  analysis,  either  alone  or  in  con- 
junction with  another.  Purely  chemical  evidence  is  of  fact  rather 
than  of  opinion,  and  the  chemical  witness  is  "  expert"  only  in  that 
he  requires  exceptional  skill  and  training  that  he  may  ascertain  the 
facts.  His  evidence  can  be  traversed  only  by  the  testimony  of 
equally  competent  witnesses  to  the  effect  that  the  existence  of  the 
facts  testified  to  has  been  inferred  from  insufficient  data,  or  by  an 
attack  upon  the  common  veracity  of  the  witness.  Although  in- 
competent persons  with  a  desire  for  notoriety  and  for  pecuniary 
profit  may,  and  frequently  do,  appear  before  the  courts  as  toxi- 
cological experts,  it  would  appear  hardly  probable  that  one  such 
should  resort  to  bald  lying  in  face  of  the  certainty  that  the 
falsity  of  such  testimony  can  be  demonstrated  to  the  satisfaction 
of  even  a  lay  jury  if  it  be  seriously  attacked.  Yet  the  author  has 
met  with  two  instances  in  which  alleged  chemical  experts  have, 
in  capital  cases,  sworn  to  that  which  they  must  have  known  to  be 
untrue,  and  in  one  of  these  the  falsehoods  were  given  as  evidence 
for  the  people,  a  perjury  tantamount  to  attempted  judicial  mur- 
der. In  this  case  (Peo.  vs.  Fleming,  New  York  County,  1896) 
proof  of  the  falsity  of  one  of  the  people's  experts  (?)  and  of  his 
general  bad  character  constituted  the  whole  of  the  defense,  and 
the  defendant  was  promptly  acquitted.  In  the  second  case 
(State  vs.  McAllister,  Death  and  Campbell,  N.  J.,  1901)  the  false 
evidence  was  given  in  favor  of  the  defense  and  was  considered  by 
the  prosecution  to  be  too  fantastic  in  character  to  be  worthy  of 
notice  in  rebuttal.  This  alleged  expert  subsequently  served  a 
term  in  the  Massachusetts  State  Prison  for  perjury  in  another 
matter. 

To  insure  the  physical  impossibility  of  admixture  of  foreign 

substances  by  mistake  or  intentional  interference,  the  analysis 

should  be  conducted  in  a  room  in  which  no  other  work  is  done 

at  the  same  time,  in  which  there  are  no  poisonous  substances 

1  Dragendorff:     "  Ermittelung  v.  Giften,"  Ite  Aufl.,  1868,  p.  2. 


PHYSICAL    EXAMINATION.  149 

other  than  those  possibly  present  in  the  articles  under  examina- 
tion and  certain  chemicals  necessarily  used,  and  which  no  person 
other  than  the  analyst  is  permitted  to  enter.  The  windows 
should  be  sealed,  and  also  the  door  during  the  absence  of  the 
analyst,  and  the  integrity  of  the  seals  verified  each  time  they 
are  broken. 

The  vessels  used  in  each  analysis  should  be  new.  Each 
should  bear  a  distinctive  number  or  letter,  and  the  notes  of  the 
analysis  should  refer  to  these  in  such  manner  that  at  no  time  can 
there  be  any  doubt  of  what  may  be  the  contents  of  each  vessel. 

No  solvent  or  chemical  is  to  be  considered  as  pure  unless 
proved  to  be  so  by  the  proper  tests,  or  by  purification  by  the 
analyst  himself. 

When  it  is  possible  it  is  highly  desirable  that  samples  of  the 
poison  actually  separated  from  the  articles  examined  shall  be 
preserved  in  as  many  of  its  distinctive  forms  as  may  be.^  This 
is  always  possible  if  the  poison  separated  by  analysis  is  min- 
eral in  nature,  but  with  the  volatile  and  vegetable  poisons,  when 
present  in  small  quantity,,  it  is  frequently  impossible  or  un- 
desirable. Thus  when  morphin  has  been  separated  in  very 
minute  quantity  it  is  preferable  to  use  all  of  the  material  re- 
maining after  the  application  of  the  chemical  tests  to  portions, 
in  the  application  of  a  life  test,  rather  than  to  reserve  a  part, 
as  notable  quantities  are  required  to  produce  the  physiological 
action,  and  as  evidence  of  this  character  is  more  satisfactory  to 
the  minds  of  a  lay  jury  than  that  based  upon  delicate  chemical 
reactions. 

Finally,  we  would  caution  the  analyst  against  undue  haste. 
No  step  in  the  analysis  should  be  taken  except  after  mature  re- 
flection and  appreciation  of  its  possible  influence  upon  the  opera- 
tions to  follow.  Nor  should  the  analyst  permit  himself  to  be 
led  into  the  expression  of  an  opinion  as  to  what  poison  may  be. 
present  before  he  is  perfectly  certain  that  it  is  present.  All 
"tails,"  such  as  filtrates,  washings,  remainders  after  extraction, 
etc.,  should  be  preserved  until  the  end  of  the  analysis. 

PHYSICAL  EXAMINATION. 

It  sometimes  happens,  when  a  poison  has  been  taken  in  the 
sohd  form,  or  is  a  substance  having  a  characteristic  odor,  that 
'  See  Forensic  Questions,  4,  p.  207. 
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Fig.  1. 


-Microscope  Super-stage  for  Ex- 
amining Crystals,  etc. 


portions  may  remain  in  the  stomach  sufficient  to  permit  of 
identification  or  to  afford  indications  of  its  probable  character, 
from  its  crystalline  form,  botanic  character,  color,  odor,  etc. 
Such  a  preliminary  physical  examination  of  the  contents  of 
the  stomach  and  of  fragments  adherent  to  its  walls  (see  p.  144),  or 
between  the  teeth,  and  of  articles  of  food,  medicine,  etc.,  sup- 
posed to  have  been  the 
vehicle  of  administration 
should  never  be  neglected. 
Very  frequently  the  nar 
ture  of  a  substance  is  indi- 
cated by  its  crystalline  form, 
either  in  its  own  form  or  in 
precipitates  obtained  by 
the  action  of  reagents.  The 
crystals  are  almost  always 
small  and  require  the  use 
of  a  microscope  for  the  de- 
termination of  their  forms.  In  some  cases  also  the  polarizing 
microscope  is  of  service.  We  have  found  a  super-stage  of  the 
form  shown  in  Fig.  1,  very  convenient  for  microscopic  examina- 
tion of  objects  in  dishes,  tubes,  etc.  For  tubes  the  body  of  the 
microscope  is  tilted  back  and  the  tube  placed  against  the  pins  aa. 
Dishes  and  other  round-bottomed  vessels  are  supported  by  the 
three  projecting  pieces  b,  whose  points  are  covered  with  small 
sections  of  rubber  tubing  to  prevent  slipping.^ 

A  spectroscopic  examination  of  blood  or  urine  may  in  some 
cases  promptly  furnish  valuable  evidence.  Thus  after  death 
from  illuminating  gas  or  carbon  monoxid  the  blood  presents 
the  characteristic  spectrum  of  carbon  monoxid  haemoglobin,* 
and  in  poisoning  by  sulfonal  the  urine  shows  that  of  hsemato- 
porphyrin.^ 

The  action  of  certain  substances  upon  polarized  light  may  also 
be  utilized.  Thus  copaiba,  salicylic  acid,  salol,  arbutin,  antifebrin, 
and  chloral  render  the  urine  Isevogyrous.  Certain  crystals  are 
also  brilliantly  colored  when  examined  with  polarized  light. 

'  See  also  "  Micro-sublimation,"  p.       Vivo:    "Atlas    de    micro-quimica, 
180,  and  Wormley:  "  Micro-chemis-      etc.,    Barcelona,    1S78.     Sedgwick; 
try  of  Poisons,"  2d  ed.,  Phila.,  1885.      St.  Andrew's  M.  Grad.  Assoc.  Trans., 
Erhard:   "Die  gittige   Alkaloide  u.       1867,  i.,  200-207. 
d.    Ausmitt.    auf    mikroskopischem  '  See  vol.  iii.,  p.  856. 

Wege,"    Passau,    1866.     Valenti    y  ^  See  vol.iii.,Pl.ix.,Fig.l4,p.854. 
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CHEMICAL  EXAMINATION. 

The  purposes  of  the  chemical  analysis  are:  1.  The  separa- 
tion of  the  poison  from  the  constituents  of  the  viscera,  vomit, 
etc.,  in  a  condition  of  purity  sufficient  to  permit  of  the  proper 
application  of  the  chemical  or  physiological  tests  suitable  for  its 
identification;  and  2.  The  recognition  of  the  identity  of  the 
poison  by  its  physical,  chemical,  and  physiological  characters. 
It  is  with  the  methods  of  separation  only  that  we  have  to  deal 
in  this  place.  The  individual  reactions  of  the  various  poisons 
will  be  considered  in  the  division  on  Special  Toxicology. 

The  methods  adapted  to  the  extraction  of  poisons  from  or- 
ganic mixtures  vary  with  the  nature  of  the  poison.  For  ana- 
lytical purposes,  poisons  and  corrosives  may  be  classified  into: 

I.  Mineral  Acids  and  Alkalies. — These  cause  extensive  de- 
struction of  tissue,  recognizable  at  the  autopsy.  With  the 
possible  exception  of  nitric  acid,  they  are  either  in  their  own 
form  or  in  other  forms  of  combination  normal  constituents  of 
the  body,  and  hence  require  to  be  quantitatively  determined  in 
cases  of  supposed  death  or  injury  from  their  action  in  which 
analytical  investigation  is  desirable. 

II.  Volatile  and  Gaseous  Poisons  are  such  as  are  sepa- 
rable from  acid  or  alkaline  mixtures  by  mere  distillation. 

III.  Organic  Poisons,  including  all  non-volatile  substances 
which  are  decomposed  by  powerful  reagents,  and  which  must 
consequently  be  separated  by  the  action  of  solvents  or  precipi- 
tants  not  capable  of  modifying  their  composition,  except  in 
so  far  as  they  may  be  converted  into  combinations  from  which 
they  may  be  released  without  being  themselves  decomposed. 

IV.  Mineral  Poisons. — Substances  of  such-  stability  that 
they  remain  in  a  more  or  less  modified  form  of  combination 
after  the  action  of  reagents  capable  of  destroying  or  removing 
the  organic  material  with  which  they  are  mixed. 

While  conditions  may  exceptionally  exist  in  which  it  is  per- 
missible to  limit  the  analysis  to  the  search  for  a  particular  poi- 
son or  group  of  poisons,  in  the  great  majority  of  cases  the  work 
should  be  so  conducted  that  the  search  for  a  particular  poison 
shall  not  render  the  detection  of  another  impossible.  It  is  de- 
sirable also  that  a  portion  of  materials  submitted  shall  be  set 
aside,  if  the  quantity  be  sufficient,  in  case  of  accident.     For 
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these  reasons  the  objects  examined  should  be  divided,  except 
under  the  conditions  mentioned  below.  The  division,  however, 
should  be  so  made  as  to  permit  of  calculations  of  quantity  in  an 
entire  organ  from  the  amount  to  be  found  present  in  a  portion 
thereof.  The  material,  if  solid,  should  be  finely  divided  by  a 
hashing  machine,  mill,  or  mortar,  thoroughly  mixed,  weighed, 
and  the  portions  removed  for  each  analysis  also  weighed.  If 
liquid  they  should  be  both  weighed  and  measured,  and  the 
weight  and  volume  of  portions  taken  after  thorough  stirring  also 
weighed  and  measured.  In  some  cases  the  entire  organ  or  sub- 
stance must  be  submitted  to  analysis,  as  when  a  liver  is  to  be 
examined  for  organic  poison,  or  when  the  stomach  contents  or 
other  material  are  very  small  in  quantity.  Under  these  circum- 
stances the  chances  of  detecting  the  poison  are  so  remote  that 
they  should  not  be  diminished  by  operating  upon  any  less  mater- 
ial than  the  entire  quantity  available. 

If  the  amount  of  material  available  be  large,  it  may  be 
divided  into  three  portions,  one  of  which  is  set  aside  with  the 
addition  of  sufficient  purified  alcohol^  or  formalin  to  prevent 
putrefaction,  or  preferably  preserved  without  addition  of  any 
antiseptic  in  a  cold  storage  receptacle;  the  second  is  examined, 
first  for  volatile  poisons  by  distillation,  and  the  residue  for 
mineral  poisons;  and  the  third  directly  for  organic  poisons. 

In  some  analyses,  however,  it  will  be  found  necessary  to  use 
the  entire  quantity,  of  some  portion  submitted  at  least,  for  the 
detection  of  both  organic  and  mineral  poisons,  with  or  without 
the  previous  removal  of  a  fraction  for  the  search  for  volatile 
poisons.  When  this  is  to  be  done  the  analysis  for  organic  poi- 
sons must  necessarily  precede  that  for  mineral  poisons.  All 
"tails,"  i.e.,  filters,  washings,  the  final  aqueous  liquid  after  the 
extraction  of  vegetable  poisons  by  immiscible  solvents,  and  the 
residues  remaining  after  the  search  for  vegetable  poisons  are 
to  be  united  with  the  residue  of  distillation  left  after  the  search 
for  volatile  poisons,  and  the  materials  so  reunited  examined  for 
mineral  poisons. 

No  reagent  is  added  in  the  search  for  volatile  or  organic 
poisons  which  interferes  with  the  subsequent  detection  of  min- 
eral poisons,  and  in  proceeding  as  above  directed  there  are  but 
two  possible  causes   of  partial  loss   of  material.     During  the 
'  See  p.  1,'iS,  note  1. 
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heating  necessary  to  distillation  certain  organic  poisons  may 
suffer  partial  or  complete  decomposition,  hence  only  a  portion 
of  the  material  should  be  used  for  this  purpose.  There  is  neces- 
sarily a  slight  loss  of  material  in  collecting  the  various  "tails," 
distributed  in  a  number  of  vessels,  and  consequently  an  error  in 
the  quantitative  determination  of  mineral  poisons.  But  as 
this  error  is  not  great,  and  is  in  favor  of  the  defense,  it  may  be 
disregarded. 

Examination  foe  Volatile  Poisons. 

The  poisons  included  in  this  analytical  group  are:  Phos- 
phorus, the  cyanic  poisons,  chloroform,  chloral,  alcohols,  ethers, 
hydrocarbons,  phenol,  nitrobenzene,  carbon  disulfid,  camphor 
and  essential  oils,  iodin,  bromin,  and  hydrochloric  acid. 

The  following  method  and  apparatus  are  designed  for  the 
qualitative  detection  of  all  volatile  poisons,  and  should  be  ap- 
plied to  a  portion  only  of  the  materials  available,  which  portion 
may  subsequently  serve  for  the  detection  of  mineral  poisons. 
When  only  one  specified  volatile  poison  is  to  be  sought  for,  or 
when  quantitative  results  are  desired,  some  modification  is 
usually  required,  as  will  be  indicated  in  the  sequel  under  the 
appropriate  headings. 

The  substances  to  be  examined,  finely  hashed  if  solid,  and 
made  up  to  a  liquid  measure  of  about  300  c.c,  are  acidulated 
with  tartaric  acid  if  not  already  acid,  and  placed  in  the  distill- 
ing flask  a  of  the  apparatus  shown  in  Fig.  2,  which  is  placed  in  a 
water-bath  containing  a  solution  of  calcium  chlorid  or  paraffin. 
The  stop-cock  h  of  the  carbon  dioxid  generator  c  is  at  first  closed. 
The  distillation  is  conducted  in  a  dark  room  and  with  screens  so 
placed,  if  necessary,  that  after  the  burner  is  lit  the  fractioning 
tube  d  and  the  upper  part  of  the  condenser  e  are  in  total  ob- 
scurity. The  heating,  which  must  be  moderate  and  gradually 
increased  at  first  to  avoid  bumping  and  frothing,  ^  is  continued 
until  250  c.c.  of  distillate  have  been  collected  in  separate  portions 
of  50  c.c.  each  in  five  numbered  flasks  placed  at/. 

During  the  distillation  the  fractioning  tube  d  and  the  con- 
denser e  as  well  as  the  connecting  tube  are  to  be  carefully  ex- 

'  Bumping  may  be  prevented  by  of  the  flask;  and  frothing,  in  some 
adding  a  few.  short  pieces  of  capil-  measure,  by  the  addition  of  a  frag- 
lary  glass  tube  to  the  cool  contents       ment  of  paraffin. 
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amined  for  the  phosphorescence  produced  by  phosphorus  (see 
Phosphorus) ;  the  temperature  indicated  by  the  thermometer  g 
is  to  be  noted  when  the  distillate  begins  to  collect  and  at  each 
change  of  the  receiving  flasks,  and  the  several  distillates  are  to 
be  examined  by  the  tests  for  the  volatile  poisons  to  be  subse- 
quently described.     The  reaction  of  the  distillate  is  to  be  noted 


Fig.  2. — Distilling  Apparatus  for  Volatile  Poisons. 

from  time  to  time.  If  any  odor  of  turpentine  be  observable 
either  in  the  original  material  or  in  the  distillates,  or  if  any  pro- 
nounced odor  capable  of  masking  that  of  turpentine  be  pres- 
ent, the  distillation  must  be  further  conducted  for  the  detec- 
tion of  phosphorus  in  the  manner  directed  in  the  special  con- 
sideration of  that  poison.     Otherwise  the  apparatus  is  allowed 
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to  cool,  100  c.c.  of  water  holding  enough  magnesia  to  render 
the  contents  of  the  flask  alkaline  are  added,  and  two  further  dis- 
tillates of  50  c.c.  each  are  collected. 

In  the  distillate  from  the  acid  liquid  alcohols,  ethers,  chloro- 
form, chloral,  hydrocarbons,  camphors,  essential  oils,  phenols, 
nitrobenzene,  hydrocyanic  acid,  iodin,  bromin,  hydrochloric  and 
acetic  acids  are  to  be  searched  for;  and  in  the  distillate  from  the 
alkaline  liquid,  chloroform  originating  from  decomposition  of 
chloral,  ammonia,  anilin,  and  volatile  bases,  including  nicotin  and 
coniin. 

Examination  foe  Alkaloids,  Glucosids,  etc. 

The  processes  at  present  in  use  for  the  separation  of  alka- 
loidal  poisons  from  complex  organic  mixtures  are  either  proc- 
esses by  precipitation  or  by  solution  in  solvents  immiscible 
with  water.  The  former,  while  valuable  for  pharmaceutical 
purposes  and  for  investigation,  are  not  adapted  to  the  needs  of 
forensic  toxicology. 

The  various  methods  of  extraction  by  immiscible  solvents 
are  variations  of,  and  improvements  upon,  the  method  first  used 
by  Stas  in  the  Bocarme  case,'  which  was  founded  upon  the  fol- 
lowing facts : 

1st.  The  tartrates  (and  most  other  salts)  of  the  alkaloids  are 
readily  soluble  in  water  and  in  alcohol. 

2d.  The  alkaloids  are  separated  from  aqueous  solutions  of 
their  salts  by  ammonia  and  other  powerful  bases. 

3d.  The  alkaloids  thus  liberated  pass,  more  or  less  completely 
and  readily,  into  ether  or  other  liquids  immiscible  with  water, 
when  these  are  shaken  with  aqueous  liquids  containing  the  free 
alkaloids. 

Method  of  Stas.^ — The  material  is  treated  with  twice  its 
weight  of  strong  alcohol  and  0.5  to  2  gm.  of  tartaric  acid  or 
oxalic  acid,  preferably  the  former,  and  warmed  to  60°-65° 
(104°-149°  F.),  cooled,  filtered,  and  the  filtrate  evaporated, 
preferably  in  a  vacuum  over  sulfuric  acid  or  in  a  current  of 
air,  at  a  temperature  not  exceeding  35°  (95°  F.).  The  remain- 
ing liquid  is  filtered,  and  filtrate  and  washings  are  evaporated 

'  Poisonine  by  nicotin,  at  Bury  in  =  Bull.    Acad.    roy.    d.    m^d.    d. 

Belgium,  in  1851.  Belg.,  Brux.,  1851-52,  xi.,  202-312 

(p.  304). 
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in  vacuo.  The  residue  is  taken  up  with  strong  alcohol,  and  the 
alcoholic  solution  again  evaporated  spontaneously  or  in  vacuo. 
The  residue  is  dissolved  in  the  smallest  possible  quantity  of 
water,  gradually  alkalized  with  monosodic  or  monopotassic  car- 
bonate, and  agitated  with  four  or  five  times  its  volume  of  ether, 
which  is,  after  separation,  decanted  and  allowed  to  evaporate 
at  the  ordinary  temperature. 

The  modifications  suggested  by  Julius  Otto,  and  constitut- 
ing the  Stas-Otto  method,  properly  so  called,  consisted  in 
agitating  the  final  aqueous  liquid  while  still  acid  with  ether  for 
the  purpose  of  removing  fats  and  other  substances,  other  than 
alkaloids,  soluble  in  ether,  and  in  adding  ammonium  chlorid 
to  the  alkaline  aqueous  liquid  after  extraction  by  ether,  for  the 
purpose  of  causing  morphin  (which  when  crystalline  is  practi- 
cally insoluble  in  ether  and  soluble  in  aqueous  liquids  alkaHzed 
with  soda)  to  cr3'stallize.' 

Prollius'  adopted  the  method  of  St  as  for  the  extraction 
more  particularly  of  strychnin,  with  the  modification  that  chlo- 
roform was  used  in  place  of  ether. 

Method  of  Uslar  and  Erdmann.^ — The  substances  under 
examination  are  digested  for  one  to  two  hours  at  60°-80°  (140°- 
176°  F.)  with  water  faintly  acidulated  with  hydrochloric  acid, 
and  the  solution  filtered,  treated  with  a  slight  excess  of  am- 
monium hydroxid,  and  evaporated  to  dryness.  The  residue  is 
extracted  three  or  four  times  with  hot  amyl  alcohol  (boihng 
point  132°  C);  the  filtered  amylic  solution  is  shaken  with  hot 
water,  acidulated  with  hydrochloric  acid,  and  the  aqueous  solu- 
tion, after  separation,  is  treated  with  a  slight  excess  of  ammo- 
nium hydroxid  and  again  agitated  with  hot  amyl  alcohol;  the 
amylic  alcohol  layer  is  then  separated  and  evaporated. 

In  the  later  Stas-Otto  process,*  the  use  of  amyl  alcohol  for 
the  extraction  of  morphin  (of  which  it  is  one  of  the  best  solvents 
yet  known)  is  adopted  as  preferable  to  the  crystallization  method 
above  described. 

This  method  has  more  recently  been  modified  by  Manne',' 
particularly   for  the   extraction   of   morphin,   by   agitating  the 

'  Ann.  d.  Chem.,  1856,  c,  44,  and  '  Ann.  d.  Chem.,  1861,  cxx.,  121. 

Ausmitt.  d.  Gifte,"  3te  Aufl.,  1SG7,  Ztsch.  f.  an.  Chem.,  1S02,  i.,  267. 

PP„-  37,  42.  4  3d  an(j  i^ter  editions. 

Arch.  d.  Pharm.,  1S57,  Ixxxix.,  =Pharm.  Ztg.,   1SS3.  xxviii.,  334. 
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aqueous  liquid,  while  still  acid,  with  hot  amyl  alcohol,  then 
rendering  it  alkaline  with  ammonium  hydroxid  and  again 
agitating  with  the  same  solvent.  The  purpose  of  this  modifica- 
tion is  to  remove  coloring  matters  and  other  impurities,  and  thus 
purify  the  acid  solution  before  extraction  of  the  morphin  from 
the  alkaline  solution  (see  below). 

The  processes  of  Husemann'  and  of  Thomas-  dififer  from 
the  preceding  in  that  they  use  acidulated  water  for  the  first  ex- 
traction in  place  of  alcohol,  the  former  acidulating  with  sulfuric 
or  hydrochloric  acid,  the  latter  with  acetic  acid.  In  both 
methods  the  filtered  aqueous  extract  is  directly  alkalized  with 
potash  or  soda,  and  extracted  by  agitation  with  chloroform. 
In  both  also  the  alkaline,  aqueous  liquid  is  subsequently  exam- 
ined for  morphin. 

Method  of  DragendorS. — This  process  has  been  gradually 
extended  by  its  author  from  the  simple  form  in  which  it  was 
first  suggested  for  the  separation  of  strychnin  and  brucin,  to  its 
present  elaborate  form  to  permit  of  the  separation  of  a  great 
number  of  alkaloids  and  glucosids.^ 

The  process  is  conducted  as  follows:  The  materials  are  ex- 
tracted at  50°  (122°  F.)  with  water  acidulated  with  sulfuric 
acid  (not  more  than  5  c.c.  of  diluted  acid  1:5);  the  extract  is 
filtered  and  concentrated  to  a  thin  syrup  on  the  water-bath. 
The  residue  is  gradually  mixed  with  three  to  four  volumes  of 
strong  alcohol,  and  filtered  cold  after  standing  twenty-four 
hours.  The  alcohol  is  distilled  off.  The  aqueous  liquid  remain- 
ing, diluted  to  50  c.c.  and  again  filtered  if  necessary,  is  then, 
while  still  acid,  successively  agitated  with  (1)  petroleum  ether, 
(2)  benzene  (CgHg),  (3)  chloroform,  (4)  petroleum  ether,  each 
solvent  being  separated  and  evaporated  apart,  furnishing  the 
"acid  residues"  I.,  II.,  III.,  IV.  The  aqueous  hquid  is  then 
rendered  alkaline  with  ammonia,  and  successively  agitated 
with  (5)  petroleum  ether,  (6)  benzene,  (7)  chloroform,  (8)  amyl 
alcohol,  which  are  in  like  manner  separated  and  evaporated  to 
leave  the  "alkaline  residues"  V.,  VI.,  VII.,  VIII.     Finally  the 

'"Handb.  d.Tox.,"  Berlin,  1862,  85;    1867,    vi.,    663.     "Ermittelung 

p.  202.  V.  Giften,"  4te  Aufl.,  1895,  pp.  149- 

2  Chem.  News,  1862,  341,  352.  153.     See     also     Nowak:      Sitzber. 

*Arch.    Sudebn.    Med.,    1865,    i.  math.-natur.  CI.  d.  k.  Ak.  d.  Wis- 

Ztsch.  f.  an.  Chem.,   1866,  v.,  474.  sensch..    Wien,  1866,  Ixvi.,  143. 
Pharm.  Ztschr.  f.  Russl.,   1866,  v.. 
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aqueous  liquid  is  evaporated  with  powdered  glass,  and  extracted 
with  chloroform,  which  on  evaporation  leaves  the  final  residue 
IX.  These  various  residues  are  then  to  be  examined  by  the 
suitable  reagents  for  those  alkaloids  or  glucosids  which  are  ex- 
tracted by  each  solvent. 

We  have  found  that  for  chemico-legal  purposes  a  process 
embodying  certain  portions  of  almost  all  the  above  is  more 
advantageous  than  any  one  of  them.  The  substances,  finely 
hashed  if  solid,  are  extracted  with  alcohol'  acidulated  with  tar- 
taric acid,^  at  about  35°  (95°  F.),^  and  washed  with  alcohol 
until  the  washings  are  no  longer  acid.  The  alcoholic  filtrate 
and  washings  are  evaporated  spontaneously,  either  in  a  current 
of  warm  air  or  in  vacuo,  to  the  consistence  of  a  syrup.*  From 
three  to  four  volumes  of  strong  alcohol  are  then  gradually  stirred 
in^  and  the  solution  is  strongly  cooled  and  filtered,  after  having 
stood  twenty-four  hours.  The  alcoholic  filtrate  is  again  evapo- 
rated as  before,  and  the  residue  dissolved  in  as  small  a  quantity 
of  water  as  possible.  ° 


'  The  alcohol  used  must  be  puri- 
fied by  dissolving  in  it  about  2  gm. 
to  the  litre  of  tartaric  acid,  distilling 
after  twenty-four  hours,  repeating 
the  same  operation  a  second  time, 
and  again  distilling  after  twenty- 
four  hours'  contact  with  potassium 
carbonate.  In  the  last  distillation 
the  vapors  are  passed  through  a 
slightly  ascending  tube  about  60 
cm.  long  filled  with  fresh,  granular 
animal  charcoal. 

^  If  the  material  be  strongly  acid 
it  is  preferable  to  extract  it  first 
with  alcohol  alone  until  disappear- 
ance of  the  acid  reaction  and  after- 
ward with  alcohol  and  tartaric  acid, 
and  then  to  carry  the  alcohol  and 
alcohol  and  acid  extracts  through 
the  subsequent  stages  of  the  process 
separately.  An  aqueous  solution 
of  the  acid  (1:10)  must  form  no 
precipitate  with  CaSOj,  Bad,,  or 
(NHJ.C^O.  +  NH.HO,  and  must  re- 
main unaltered  by  H,,S  even  after 
addition  of  NH^HO. 

^  This  temperature  should  not  be 
surpassed  at  any  stage  of  the  proc- 
ess, except  as  subsequently  noted  in 
the  evaporation  of  amylic  alcohol. 

*  If  the  materials  under  examina- 
tion contain  a  large  amount  of  fat 


they  will,  according  to  Focke  (Arch. 
d.  Pharm.,  ccxxii.,  307;  Ztsch.  f. 
an.  Ch.,  1884,  xxiii.,  604)  retain  a 
considerable  proportion  of  any 
strychnin,  and  a  less  proportion  of 
morphin,  should  these  be  present. 
To  avoid  this  he  suggests  that  at  this 
point  the  residue  of  evaporation  of 
the  alcohol  be  mixed  with  about  ten 
volumes  of  water  and  treated  with 
baryta  water  in  excess.  After  stand- 
ing several  hours  dilute  sulfuric 
acid  (1:5)  is  added  in  slight  excess, 
the  liquid  is  stirred  and  filtered 
after  an  hour,  barium  chlorid  in 
slight  excess  is  added  to  the  filtrate, 
which  is  again  filtered,  evaporated 
to  a  small  volume,  the  residue  ex- 
tracted with  absolute  alcohol,  the 
extract  filtered  after  having  stood 
for  some  time  and  again  evaporated. 

*  If  the  alcohol  be  gradually  added 
during  stirring,  the  precipitate 
formed  is  granular.  If  it  be  gummy, 
from  too  rapid  addition  of  alcohol, 
it  must  be  subsequently  dissolved  in 
a  very  small  quantity  of  water  and 
again  precipitated  with  alcohol. 

°  Croton  oil  and  nitroglycerol  are 
to  be  sought  for  in  the  portion  here 
insoluble  in  water. 
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The  aqueous  solution  is  now  to  be  extracted, 
first  in  acid  solution,  and  then,  after  having  been 
alkalized,  by  solvents  immiscible  with  water. 
This  is  best  accomplished  by  the  use  of  a  "  per- 
forator," or  extraction  apparatus  for  liquids.' 

A  very  serviceable  form  of  the  apparatus  for 
liquids  lighter  than  water  is  that  of  Kumagawa 
and  Suto,  shown  in  Fig.  3.^  The  apparatus 
having  been  disconnected  at  the  two  ground 
joints,  the  inner  tube  is  removed  and  the  acid 
aqueous  solution,  prepared  as  above  described, 
is  poured  through  a  long-beaked  funnel  into  the 
body  of  the  extractor,  which  it  and  the  wash- 
water  should  fill  to  about  the  lower  level  indi- 
cated.^ The  inner  tube  is  then  replaced,  50  c.c. 
of  the  solvent  are  placed  in  the  flask,  which  has 
been  previously  dried  and  weighed,  the  apparatus 
and  condenser  are  connected  up  and  supported 
with  the  flask  upon  an  electric  heater  or  water- 
bath.  The  heating  is  continued  for  two  hours 
after  the  solvent  begins  to  bubble  up  through  the 
aqueous  liquid.  After  this  period  of  extraction 
the  apparatus  is  partially  cooled,  and  that  por- 
tion of  the  solvent  in  the  extractor  above  the 
aqueous  liquid  is,  if  clear,  transferred  to  the  flask 
by  tilting  the  apparatus,  or  if  cloudy  is  filtered 
thereto  through  a  filter  moistened  with  the 
solvent.  The  flask  is  then  connected  with  an 
ordinary  condenser,  the  solvent  is  distilled  off, 

'  Extraction  by  agitation  of  the  aqueous  liquid  suc- 
cessively with  the  several  solvents  and  their  subsequent 
separation  consumes  immeasurably  more  time,  even  when 
mechanical  agitation  and  centrifugation  are  resorted  to, 
and  presents  no  advantage  over  the  method  here 
recommended. 

^  The  apparatus  should  be  n?odified  from  its  original 
form  by  having  the  lower  part  of  the  spherical  termina- 
tion of  the  inner  tube  flattened,  and  its  small  holes 
made  in  the  flattened  surface  in  place  of  in  the  sides  of 
the  sphere.  The  apparatus  should  have  a  capacity  of 
about  50  c.c,  and  should  be  provided  with  two  or  more 
flasks  which  may  replace  each  other  at  the  lower  ground 
joint. 

^  About  50  c.c. 


\ 


^ 


Fig.  3.— Per- 
forator for 
liquids  lighter 
than  water. 
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and  the  extract  in  the  flask  is  dried  by  a  current  of  dry  air, 
cooled,  and  weighed.  Any  remaining  small  portion  of  the  first 
solvent  having  been  pipetted  of!  from  above  the  aqueous  liquid, 
the  second  flask,  previously  weighed  and  containing  50  c.c.  of 
the  second  solvent,  is  now  attached  in  place  of  the  first,  the  ap- 
paratus is  connected  up  and  the  second  extraction  proceeded 
with,  etc.  If  extractions  by  chloroform  are  omitted  in  the 
following  scheme  (see  p.  161),  the  entire  series  can  be  carried  on 
successively  in  the  same  apparatus.  The  extracts  are  removed 
from  the  flasks  by  suitable  solvents,  alcohol,  ether,  dilute  hydro- 
chloric acid,  etc.,  and  transferred  to  round-bottom  glass  capsules, 
Fig.  1,  p.  150,  for  microscopical  and  chemical  examination. 

The  first  solvent  used  is  petroleum  «ther.^  In  the  residue  of 
its  evaporation  (I)  the  following  will  be  found  if  present:  pi- 
perin,^  phenol,  picric  acid,  salicylic  acid,  benzoic  acid,  camphors, 
essential  oils,  capsicin,  cardol,  lobeliin. 

The  acid  aqueous  liquid  is  next  extracted  with  benzene.' 

The  benzene  residue  from  acid  solution  (II)  may  contain, 
caffein,  cantharidin,  anemonin,  santonin,  caryophyllin,  cubebin, 
phenol,  quinol,  catechol,  resorcinol,  salicylic  acid,  picric  acid, 
piperin,  colchicin,  colchicein,  digitalin,  gratiolin,  cascarillin,  elat- 
erin,  populin,  colocynthin,  geissospermin,  chrysamic  acid,  absyn- 
thin,  oils  (anemone,  ranunculus),  quassin,  menyanthin,  ericolin, 
daphnin,  cnicin,  sabadillin,  meconin,  antipyrin. 

The  next  step  in  the  complete  method  is  the  extraction  of  the 
acid  aqueous  liquid  with  chloroform.  As,  however,  the  sub- 
stances extracted  thereby,  are,  with  the  exception  of  acetanilid, 

'  The  true  petroleum  ether,  or  ^  rpj^^  commercial  "  crystallizable 
rhi^olene,  is  neither  necessary  nor  benzol,  free  from  thiophene, "  is 
desirable.  A  product  of  sufficient  sometimes  sufficiently  pure.  It 
purity,  volatility,  and  solvent  power  should  give  no  brownish  tint  with 
may  be  obtained  from  commercial  concentrated  sulfuric  acid,  nor  any 
gasolene  by  strongly  agitating  with  blue  color  when  agitated  with  the 
dilute  sulfuric  acid,  then  with  water,  same  acid  and  isatin.  To  purify 
drying  by  contact  with  calcium  benzene  it  should  be  agitated  with 
chlorid,  adding  a  little  lard,  and  about  one-tenth  its  volume  of  con- 
distilling  slowly  on  the  water-bath.  centrated  sulfuric  acid  until  a  sam- 
Those  portions  are  collected  which  pie  no  longer  gives  the  indophenone 
pass  below  70°  (140°  F.).  reaction  with  sulfuric  acid  and  isa- 

=  The  substances  whose  names  are  tin.     The  benzene    is    afterward 

given  in  italics  pass  only  in  traces  agitated  with  water,  dried  by  con- 

into  this  solvent  and  are  more  per-  tact     with     calcium     chlorid    and 

fectly  extracted  by  one  of  those  used  distilled  slowly,  that  portion  being 

subsequently.  collected   which   passes   at  80°-82° 

(17(3°-1S0°  F). 
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either  better  extracted  by  other 
solvents,  or  of  little  toxicological 
importance;  and  as  extractions  by 
chloroform  require  a  different  form 
of  apparatus,  owing  to  the  fact  that 
chloroform  is  heavier  than  water, 
this  extraction,  as  well  as  that  by 
the  same  solvent  from  alkaline 
solution,  may  well  be  omitted  ex- 
cept in  special  cases,  and  the  loss 
which  necessarily  attends  repeated 
transferrals  thereby  avoided.  If  it 
be  decided  to  extract  with  chloro- 
form, the  acid  aqueous  liquid  may 
either  be  transferred  to  an  ordinary 
separator,  1  Fig.  4,  and  agitated  with 
chloroform,^  and  the  solvent  drawn 
off  from  below  after  separation  of 
the  two  liquids  or,  preferably,  ex- 
tracted in  an  apparatus  such  as 
that  of  Osborne,^  shown  in  Fig.  5. 
The  condenser  being  removed,  a 
few  c.c.  of  chloroform  are  first 
poured  in  to  fill  the  lower  bend  of 
the  siphon,    A,   and   the   aqueous 

'  This  form  of  apparatus  is  the 
most  suitable  when  extraction  (with 
other  solvents  as  well)  by  agitation 
and  separation  is  resorted  to.  To 
agitate  it  the  glass  stopper  is  re- 
placed by  a  tightly  fitting  cork,  and 
the  apparatus  is  fastened  upon  the 
face  of  a  wheel  of  suitable  diameter 
which  is  caused  to  revolve  slowly. 
If  the  agitation  be  too  violent 
emulsions  are  apt  to  form  with 
benzene  and  petroleum  ether,  which 
ire  difficult  to  separate.  When  this 
Dccurs  the  separator  should  be 
illowed  to  stand  overnight.  The 
iqueous  layer  is  then  drawn  off  as 
'ar  as  possible  from  below,  and  the 
separator  given  a  slight  shake,  and 
igain  allowed  to  stand.  A  portion 
jf  the  solvent  will  separate  and  may 
De  poured  off.  The  emulsion  is  then 
;ransferred  to  a  dry  filter  in  a  funnel 
IV.— 11 


Fig.  4. — Separator. 


over  a  second  separator,  a  drop  of 
alcohol  is  added  and  the  emulsion 
stirred  in  the  filter  with  a  glass  rod. 
The  liquids  will  either  pass  through 
the  filter  and  form  separate  layers 
in  the  separator  below,  or  the 
emulsion  will  contract,  and  the 
solvent  separate  in  a  layer  in  the 
filter,  which  may  be  removed  by  a 
pipette.  Patience  is  necessary.  If 
the  extract  by  any  of  the  solvents 
be  cloudy,  it  must  be  filtered  through 
a  small  filter  moistened  with  the 
same  liquid. 

^  It  should  be  purified  by  agitation 
with  dilute  caustic  potash  solution, 
separation,  and  distillation  shortly 
before  use. 

^J.  of  Physiol.,  1901,  xxvi.,  ix. 
Other  forms  of  perforator  for  chloro- 
form are  described  by  Gadamer: 
Arch.  d.  Pharm.,  1899,  ccxxxviii.,  68; 
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liquid  is  added  until  the  level  reaches  the  opening  of  the  tube 
at  D.  In  operation  chloroform  from  the  condenser  falls  through 
the  solution  and  collects  at  the  bottom  until  the  level  of  the 
liquid  reaches  the  dotted  line,  when  siphoning 
begins  through  A,  B,  C,  and  continues  until 
the  opening,  D,  is  uncovered,  when  the  siphon 
is  broken  by  entrance  of  air.  The  bulb,  H 
serves  to  prevent  any  passing  over  of  the 
aqueous  liquid  by  suction  and  the  floating 
thin  glass  bulb,  U,  to  prevent  splashing.' 

The  residue  left  by  the  chloroform  from 
acid  solution  (III)  may  contain:  cinchonin, 
theobromin,  papaverin,  narcein,  hydrastin, 
chelidonin,  solanidin,  sesculin,  gelsemic  acid, 
picrotoxin,  helleborein,  populin,  quassin, 
menyanthin,  ericolin,  daphnin,  cnicin,  benzoic 
acid,  digitalein,  digitalin,  convallamarin, 
saponin,  senegin,  lycaconitin,  myoctonin, 
aspidospermin,  pereirin,  brucin,  sanguinarin, 
quebrachin,  geissospermin,  syringin,  colchicin, 
colocynthin,  meconin,  anthemin,  santonin, 
ergotinin,  gentiopicrin,  veratrin,  jervin,  an- 
tipyrin,  acetanilid. 

The  acid  aqueous  liquid  is  then  returned 
to  the  apparatus,  Fig.  4,  and  extracted  with 
ethylic  ether.  =  The  residue  of  evaporation  of 
the  ether  (IV)  may  contain:  oxahc  acid, 
meconic  acid,  ergotinin,  arbutin,  gallic  acid, 
pyrogallol,  /5-naphthol,  chrysophanic  acid, 
naphthalin. 

The  aqueous  liquid  is  next  rendered  alka- 
line by  ammonium  hydroxid  in  slight  excess, 
and  extracted  with  petroleum  ether  as  iaefore.     The  residue  of 
evaporation  of  the  ether  (V)   may  contain:  strychnin,  quinin, 


Fig.  5.— Perfora- 
tor for  liquids 
heavier  than  water. 


Pregl:  Ztschr.  f.  anal.  Chem.,  1901, 
xl.,  785;  Lentz:  Pharm.  Ztg.,  1901 
xlvi.,  829;  Katz:  Apoth.  Ztg.,  1902 
xvii.,  712. 

'  The  drawing  is  diagrammatic. 
In  the  apparatus  the  tubes  A,  H, 
E,  B,  C  do  not  stand  out,  but  are 
placed  close  against  the  body  of  the 


main  tube,  as  in  the  apparatus  shown 
in  Fig.  7,  p.  179.  The  upper  bend 
of  the  tube  A,  B  is  drawn  too  low. 

^  The  ether  used  should  be  purified 
by  agitation  with  water  and  redis- 
tillation, first  from  quicklime,  then 
from  tartaric  acid,  and  finally  from 
metallic  sodium. 
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delphinin,  sabadillin,  brucin,  aspidospermin,  pereirin,  veratrin, 
emetin,  gelsemin,  quebrachin,  oxyacanthin,  cocain,  coniin,  methyl- 
coniin,  piperidin,  amins  (methyl-,  ethyl-,  propyl-,  and  amyl-), 
capsicin,  sarracenin,  nicotin,  lobelin,  spartein,  quinolin,  anilin, 
toluidin,  picolin,  urechitoxin,  kairin,  thallin. 

The  alkaline  aqueous  liquid  is  then  extracted  in  a  similar 
manner  with  benzene.  The  residue  of  the  evaporation  of  ben- 
zene from  the  alkaline  liquid  (VI)  may  contain:'  atropin,  hy- 
oscyamin,  strychnin,  ethyl-  and  methyl-strychnin,  quinin,  cin- 
chonin,  quinidin,  cocain,  narcotin,  codein,  thebain,  sabadillin, 
taxin,  brucin,  physostigmin,  pilocarpin,  veratrin,  sabatrin,  del- 
phinoidin,   lycaconitin,   myoctonin,   aconitin,  antipyrin,  thallin. 

The  aqueous  liquid  is  acidulated  with  hydrochloric  acid, 
transferred  with  chloroform  to  the  apparatus,  Fig.  5,  rendered 
alkaline  with  ammonia,  and  extracted  with  chloroform,  in  the 
residue  of  whose  evaporation  (VII)  there  may  be:  cinchonin, 
cinchonidin,  papaverin,  narcein,  laudanin,  berberin,  lycaconitin, 
muscarin,  morphin,  pelletierin,  antipyrin. 

The  aqueous  liquid  is  now  again  acidulated  with  hydrochloric 
acid,  returned  to  the  apparatus,  Fig.  4,  alkalized  with  ammonia 
and  immediately  extracted  with  acetic  ether.  Morphin  is  to  be 
sought  for  in  the  residue  (VIII).^ 

'  This  residue  frequently  contains  each  case  0.25  gm.  of  morphin 
a  crystalline  substance  which  is  not  hydrochlorid,  equivalent  to  0.2019 
an  alkaloid,  but  whose  nature  we  gm.  of  crystallized  morphin,  dis- 
have  not  been  able  to  determine  solved  in  20  c.c.  of  water,  in  the 
from  lack  of  material.  The  crystals  separator  with  mechanical  agitation 
are  brilliant,  frequently  present  acetic  ether  removed,  after  alkali- 
beautiful  pink,  green,  blue,  and  zation,  only  39.2  per  cent,  in  six 
violet  iridescence,  and  often  do  not  agitations,  while  amylic  alcohol 
appear  until  after  the  residue  has  under  like  conditions  extracted 
stood  for  twenty-four  or  forty-eight  93.9  per  cent.  As  each  agitation, 
hours.  They  are  sometimes  plates,  with  its  attendant  stratification, 
more  usually  flattened  prisms  with  clearing,  and  separation,  requires  at 
ends  truncated  obliquely  at  angles  of  least  six  hours,  it  is  not  desirable  to 
about  86°  and  94°.  This  material  is  further  increase  their  number,  and 
not  soluble  in  dilute  hydrochloric  amylic  alcohol  is  obviously  to  be 
acid  and  consequently  does  not  re-  preferred  to  acetic  ether.  In  the 
main  in  the  residue  purified  as  perforator,  on  the  other  hand,  acetic 
directed  below  (see  p.  164).  ether  extracted  96  per  cent,  from  a 
'  One  important  advantage  of  the  solution  of  0.25  gm.  morphin  hydro- 
method  here  described  over  that  chlorid  in  50  c.c,  after  alkalization, 
advised  in  the  first  edition  is  that  in  two  hours,  and  the  ethereal  layer 
with  the  perforator  acetic  ether  came  off  quite  clear.  Therefore, 
may  be  used  for  the  extraction  of  acetic  ether  in  the  perforator  effected 
morphin,  while  the  separator  almost  a  more  complete  extraction  in  two 
compels  the  use  of  amylic  alcohol.  hours  than  did  amylic  alcohol  in  the 
In  a  series  of  experiments,  using  in  separator  in  (practically)  three  days. 
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Finally  the  aqueous  liquid  is  evaporated  to  dryness  with 
powdered  glass  in  a  Hofmeister  capsule  over  the  water-bath. 
Capsule  and  contents  are  then  pulverized  and  extracted  with  hot 
chloroform.  The  residue  of  evaporation  of  the  chloroform  (X) 
may  contain  curarin  and  muscarin. 

The  process  may  in  many  cases  be  greatly  abbreviated. 
Thus  if  a  sample  of  urine  is  to  be  examined  for  strychnin  alone 
it  may  be  acidulated  with  dilute  hydrochloric  acid  (or  tartaric), 
filtered,  extracted  with  benzene,  then  again  extracted  with  the 
same  solvent  after  addition  of  ammonium  hydroxid  to  alkaline 
reaction.  Strychnin,  if  present,  will  be  found  in  the  residue  of 
evaporation  of  benzene  from  alkaline  solution.  For  special 
methods  see  under  Morphin,  Strychnin,  etc. 

The  alkaloid  is  sometimes  present  in  the  residue  in  a  degree 
of  purity  sufficient  to  permit  of  its  identification  directly,  but 
in  most  instances  a  purification  is  required.  This  is  usually 
effected  by  dissolving  the  residue  in  a  small  quantity  of  acidu- 
lated water,  filtering,  agitating  the  acid  aqueous  solution  with 
the  proper  solvent,  and  then  again  (to  extract  the  alkaloid)  with 
the  same  solvent,  after  alkalization  with  ammonium  hydroxid 
or  with  magnesia,  and  repeating  the  process  if  necessary.  Or 
in  some  cases  the  alkaloid  or  the  impurity  may  be  removed  by 
some  other  solvent.  When  the  residue  has  been  suitably  puri- 
fied, its  quantity  may  in  some  cases  be  approximately  deter- 
mined at  this  stage.  It  is  then  dissolved  in  a  small  quantity  of 
the  proper  solvent,  and  drops  of  the  solution  transferred  either 
to  a  slip  of  glass  which  may  be  placed  upon  either  a  black  or 
white  background,  or  to  small  watch-glasses,  and  the  identify- 
ing tests  applied  to  the  drops  themselves  or  to  the  residues  left 
upon  their  evaporation. 

Kippenberger's  Process'  is  based  upon  the  formation  of 

The  extraction  must,   however,   be  and  important.     The  lower  boiling 

made  immediately   after  precipita-  point  of  the  other,  that  of  amylic 

tion  of  the  morphin  from  its  saline  alcohol  being  131.4°.     The  absence 

solution,  and  the  acetic  ether  used  of    impurities    in    the    ether   which 

should   be   one   having   a   b.    p.    of  may  either  exist  in  the  alcohol  or  be 

76°-77°,  containing  traces  of  alcohol  produced  therein  during  evaporation 

and  free  acetic  acid  (the  commercial  in  contact  with  air.     Amylic  alcohol 

C.   P.    ether,    redistilled),    which   is  is  a  much  better  solvent  of  ptomains 

preferable   to   the   pure   ester   as   a  than   is   acetic   ether.     See   further 

solvent   for   morphin.     The   advan-  under  "  Morphin." 
tages   of   acetic   ether   over   amylic  >  Ztschr.     f.     an.     Chem.,     1895, 

alcohol,     apart    from     the    solvent  xxxiv.,  294. 
powers  of  the  two  liquids,  are  many 
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soluble  alkaloidal  compounds  and  insoluble  protein  compounds 
when  the  materials  are  digested  with  glycerol  and  tannic  acid. 
The  finely  divided  substances  are  digested  for  two  days  at  40° 
with  a  mixture  of  100  c.c.  glycerol,  10  gm.  tannic  acid,  and  1  gm. 
tartaric  acid,  100  to  150  gm.  of  the  mixture,  with  or  without 
addition  of  water,  being  taken  for  100  gm.  of  solid  material. 
The  liquid  is  pressed  out  and  the  cake  washed  several  times,  with 
expression,  with  water  containing  glycerol.  The  united  extracts 
are  heated  to  50°,  cooled,  and  immediately  filtered,  with  addition 
of  water  if  necessary.  The  acid  liquid  is  then  agitated  success- 
ively with  petroleum  ether,  b.  p.  30°-50°,  and  chloroform.  The 
aqueous  liquid  is  then  rendered  faintly  alkaline  with  NaHO,  and 
agitated  with  chloroform,  and,  after  addition  of  NaHCOg,  suc- 
cessively with  alcohol-chloroform  and  with  ether-chloroform. 
For  the  detection  and  identification  of  alkaloids  general  and 
special  reagents  are  used.  The  former  produce  precipitates 
with  a  great  number  of  alkaloids  and  glucosids,  varying  some- 
times in  their  color  and  crystalline  form  with  different  individuals, 
and  are  consequently  more  frequently  used  to  determine  the 
presence  of  an  alkaloid  or  glucosid  than  to  determine  its  identity. 
The  special  reactions,  on  the  other  hand,  are  such  as  are  peculiar 
to  one  or  to  a  few  alkaloids,  and  are  consequently  of  greater 
value  for  identification.  The  special  reactions  will  be  described 
in  the  division  of  special  toxicology  under  each  alkaloid  or 
glucosid. 

General  Reagents  for  Alkaloids  and  Glucosids. 

1.  De  Vry's  (Sonnenschein's)  Reagent — Phosphomolybdic 
Acid.' 

This  reagent  is  applied  to  an  acid  solution,  in  which  it  forms  yellow- 
ish precipitates  with  most  of  the  alkaloids.  Acolyctin,  aconitin, 
anagyrin,    anthocercin,    alpha^homo-chelidonin,   arecolin,   beta-homo- 

^  De  Vry:  Joiir.  de  pharm.,  etc.,  the  precipitate  and  dissolve  it  in  the 

1854,    3    s.,    xxvi.,    220.     Sonnen-  smallest    quantity    of    sodium    hy- 

schein:  "Ueber  ein   neues   Reagens  droxid  solution.     Evaporate  the 

auf  Alkaloide,"  Berlin,  1857.     Also  solution  to  dryness;  ignite  the  resi- 

"Handb.    d.    ger.    Med.,"    1869,    p.  due   so   long  as  ammonia   is  given 

317.     To  prepare  the  reagent,  pre-  off;   dissolve   the   residue   in   water 

cipitate  a  solution  of  disodic  phos-  (1:10),    and    add    nitric    acid    until 

phate,  acidulated  with  nitric  acid,  the    precipitate    formed    is    redis- 

with  a  similarly  acidulated  solution  solved.     The'  yellow  solution  must 

of    ammonium    molybdate.     Wash  be  protected  from  ammonia. 
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chelidonin,  calamin,  eannabin,  carpain,  ceanothin,  cinchonin,  coeain, 
colchicein,  colchicin,  curarin,  cytisin,  ecbolin,  emetin,  ergotin,  ergo- 
tinin,  laurotetanin,  morphin,  narcein,  nicotin,  oxyacanthin,  pelletie- 
rin,  physostigmin,  protoveratrin,  pseudojervin,  sabadillin  and  saba- 
trin,  solanin,  strychnin,  taxin,  thebain,  thein,  veratralbin  and  veratria 
give  yellowish-white  precipitates.  The  precipitates  with  aspidosper- 
min,  cannabinin,  damascenin,  scopolin,  and  spartein  are  white;  those 
with  ecgonin,  hymenodictyonin,  hyoscyamin,  piliganin,  pseudopel- 
letierin,  and  theobromin  are  yellow;  those  with  atherospermin  and 
berberin  are  dirty  yellow;  that  with  delphinin  is  gray-yellow;  those 
with  narcotin,  codein,  and  piperin  are  brown-yellow;  that  with  brucin 
is  orange;  that  with  aconin  is  gray-bluish;  that  with  erythrophloein  is 
dirty  green;  that  with  calcitropin  is  yellow,  turning  to  blue-green  after 
twenty-four  hours;  those  with  atropin,  bebeerin,  coniin,  and  lobeliin 
are  yellowish  and  turn  blue  with  ammonia;  that  with  quinin  is  white 
and  turns  yellow  with  ammonia.  The  following  alkaloids  gWe  no 
precipitates:  arecain,  chrysanthemin,  eupatorin,  lycoctonin,  and 
papaverin. 

The  precipitates  are  not  soluble  in  cold  alcohol,  ether,  or  dilute 
mineral  acids  (except  phosphoric),  but  are  soluble  in  concentrated  hy- 
drochloric acid,  hot  nitric  acid,  acetic,  oxalic,  and  tartaric  acids,  and  the 
hydroxids,  carbonates,  borates,  and  phosphates  of  the  alkali  metals. 
The  precipitates  are  decomposed,  with  liberation  of  the  alkaloid,  by  the 
oxids  of  calcium,  barium,  lead,  and  silver  and  by  the  hydroxids  of  po- 
tassium and  sodium,  and  some  are  also  decomposed  by  barium  and 
sodium  carbonates  and  by  magnesia.'  Ammonia  and  many  of  its  de- 
rivatives, such  as  the  monamins,  anilin,  quinolin,  give  precipitates 
resembling  those  formed  by  the  alkaloids  with  this  reagent,  but  non- 
alkaloidal  organic  poisons  are  not  as  a  rule  precipitated  by  it.  The  fol- 
lowing, however,  are:  euonymin,  helleborein,  and  menyanthin.  Aeo- 
rin  produces  a  blue  color  by  reduction.  Strophanthin  gives  a  pale- 
green  precipitate  if  present  in  quantity,  and  an  emerald  solution  if 
dilute. 

2.  Scheibler's  Reagent— Phosphotungstic  Acid.= 

This  reagent  forms  precipitates  in  acid  solutions  of  .salts  of  the  alka- 
loids very  similar  to  those  produced  by  phosphomolybdic  acid.  They 
are,  however,  less  permanent  and  somewhat  more  soluble. 

'  See  p.  177.  ous  solution  of  sodium  tungstate;  or 

'  Ber.  d.  Chem.  Gesell.,  1872,  v.,  by  dissolving  10  gms.  sodium  tung- 

801.    Prepared  by  addition  of  a  20%  state  and  6  to  8  gms.  sodium  phos- 

phosphoric  acid  solution  to  an  aque-  phate  in  50  cc.  water. 
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3.  Mayer's  Reagent — Mercury -Potassium  lodid.' 

This  reagent,  which  is  also  used  for  quantitative  determinations, 
gives  with  acid  solutions  of  most  of  the  alkaloids  precipitates  which  are 
for  the  most  part  white  or  yellowish  and  crystalline,  or  become  crystal- 
line after  standing  for  a  time,  when  added  to  aqueous  solutions  of  their 
sulfates  or  chlorids.  According  to  Dragendorff  the  precipitates  from 
dilute  solutions  of  narcotin,  thebain,  narcein,  emetin,  aconitin,  del- 
phinoidin,  and  bebeerin  do  not  become  crystalline;  and  those  with 
coniin  and  nicotin  are  at  first  white  and  amorphous,  but  afterward  be- 
come resinous  and  adherent,  and  frequently  after  twenty-four  to  forty- 
eight  hours  beautifully  crystalline.  The  precipitates  with  amaryllin, 
arecain,  arecolin,  artarin,  aspidospermin,  bellamarin,  brucin,  calcitro- 
pin,  crysanthemin,  corydalin,  delphinin,  emetin,  grandiflorin,  lobeliin, 
piperin,  rhseadin,  sabadillin,  sebatrin,  and  veratrin  are  yellow  or  yel- 
lowish. No  precipitates  are  formed  in  dilute  solutions  of  caffein,  col- 
chicin,  solanin,  and  theobromin.  The  following  non-alkaloidal  sub- 
stances are  also  precipitated:  acorin,  euonymin,  menyanthin,  sikimin, 
and  sophorin. 

The  alkaloid  may  be  recovered  from  the  precipitate  by  suspending 
it  in  water  (after  washing)  and  treatment  with  hydrogen  sulfid.  The 
alkaloid  is  contained  in  the  filtrate  from  the  mercuric  sulfid  in  the  form 
of  hydriodid,  which  may  be  converted  into  the  sulfate  by  silver  sulfate. 

4.  Manne's  Reagent — Cadmium -Potassium  lodid.^ 

This  reagent  forms  precipitates  in  solutions  of  the  salts  of  most  of 
the  alkaloids  acidulated  with  dilute  sulfuric  acid.  The  precipitates  are 
nearly  all  flocculent  and  white,  but  some  soon  become  crystalline. 
They  are  soluble  in  excess  of  the  reagent  and  in  alcohol,  insoluble  in 
ether.  The  alkaloids  may  be  recovered  from  the  precipitates  by  decom- 
position with  alkalies  and  extraction  with  the  proper  solvent.  The 
reagent  does  not  precipitate  with  many  glucosids  and  leucomains  nor 
with  ammonia.  Caffein  forms  no  precipitate,  and  solanin  and  theo- 
bromin do  so  only  in  concentrated  solutions. 

'  First  suggested  by  Planta-Reich-  repeating  the    process   if    necessary 

enau  (Delffs) :  Dis.,  Heidelberg,  1846;  (Peset:  Ann.  d'hyg.,  1909,  4  s.,  xi., 

perfected   by  Mayer:  Ztsch.  f.  an.  289). 

Chem.,  1863,  ii.,  225.     Obtained  by  =  Compt.    rend.    Ac.    Sc,   Paris, 

dissolving    13.546    gm.  mercuric  1866, Ixiii., 843.     Ztsch. f. an. Chem., 

chlorid  and  49.8  gm.  potassium  iodid  1867,  vi.,  123.     Prepared  by  saturat- 

to  the  litre  of  water.     The  crystal-  ing  a  boiling  concentrated  solution 

line  character  of   these  precipitates  of  potassium   iodid   with   cadmium 

may  be   brought    out   by   bringing  iodid  and  adding  an  equal  volume  of 

them  upon  a  microscopic  slide,  dry-  cold  saturated  solution  of  potassium 

ing,  covering,  running  in  a  drop  or  iodid.     Dilute  solutions  do  not  keep, 
two  of  alcohol,  warming  and  cooling; 
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5.  Dragendorff's  Reagent— Bismuth -Potassium  lodid.' 

The  reagent  is  applied  to  aqueous  solutions  of  the  alkaloids,  acidu- 
lated with  sulfuric  acid  (four  drops  of  concentrated  acid  to  ten  cubic 
centimetres).  The  solution  must  contain  no  ether  nor  any  trace  of 
amyl  alcohol.  The  precipitates  formed  with  most  of  the  alkaloids  are 
orange.  Of  the  glucosids  menyanthin  gives  a  yellow  precipitate,  and 
digitalin  one  in  concentrated  solution.  Kraut^  has  studied  the  com- 
pounds formed  by  this  reagent  with  amins,  glycins,  piperidin,  sulfins, 
anilin,  and  toluidin. 

6.  Wagner's  Reagent — lodin  in  Potassium  lodid.^ 

Brown  precipitates  are  formed  in  solutions  of  -almost  all  of  the  alka- 
loids, acidulated  with  sulfuric  acid,  when  the  reagent  is  added  in  small 
amount.  The  precipitates  are  for  the  most  part  flocculent  and  amor- 
phous, but  in  many  instances  become  crystalline. 

According  to  De  Mattei  *  precipitates  formed  by  the  reagent  behave 
toward  the  color  reagents  like  the  alkaloid  itseK. 

7.  Tannic  Acid.^ 

Gives  white,  grayish,  or  yellowish  precipitates  with  almost  all  of 
the  alkaloids,  glucosids,  and  bitter  principles.  The  following  are  not 
precipitated:  arginin,  aribin,  arecolin,  chrysanthemin,  antiarin,  chamae- 
lirin,  chirettogenin,  datiscin,  frangulin,  angelin,  columbin,  cascarillin, 
capsicin,  cornin,  marrubin,  ononin,  and  picrotoxin;  and  the  following 
only  imperfectly:  arecain,  grandifiorin,  theobromin;  ericolin  and 
strophanthin.  In  most  cases  the  precipitates  are  soluble  in  acids,  even 
in  excess  of  the  reagent,  although  some  alkaloids:  aconitin,  physostig- 
min,  and  veratrin,  give  precipitates  in  solutions  strongly  acidulated 
with  sulfuric  acid,  but  not  in  weakly  acid  solutions.     The  precipitates 

'  Pharm.  Ztsch.    f .  Russl.,   1866,  potassium  iodid  solution.     Wormley 

v.,  81.     Also  "Ermitt.  v.   Giften,"  ("  Mier.-Chem.  Pois.,"  2d  ed.,  444) 

4te  Aufl.,  155.     Prepared  like  ]\lar-  recommends    a    stronger    solution: 

me's    reagent,     using     bismuth    in  5  parts  potassium  iodid  and  2  parts 

place    of    cadmium    iodid.     Cannot  iodid    in     100    of    water.     As   the 

be  diluted  (Dragendorff) .     Dissolve  reagent  is  used  in  acid  solution  it  is 

80  gm.   bismuth  subnitrate  in  200  practically  the  same  as  the  solution 

c.c.   nitric  acid   (sp.  gr.    1.18),   and  of  iodin  in  hydriodic  acid  used  by 

272  gm.  potassium  iodid  in  a  little  Selmi     and     others.     Bouchardat 

water;    add    the    bismuth    solution  (Wilder,    "Tests,"    p.    13)    uses  a 

slowly  and  during  agitation  to  the  solution  of  10  parts  of  iodin  and  20 

iodid  solution,  cool  strongly,  sepa-  parts  of  potassium  iodid  in  500  of 

rate  from  the  crystals  and  dilute  to  water.     See  also  Hilger:  "  Verbind. 

a  litre.     Must  be  kept  in  the  dark  d.   lod   mit  d.   Pflanzenalkaloiden." 

(Kraut).     See  also  Mangini:   Gazz.  Wilrzb.,    1869,    and    abst.   Pharm. 

ch.ital.,  1882,  xii.,  115.  Jahrb.,    1869,    551.     Jorgensen: 

2  Ann.  d.  Ch.,  1831,  ccx.,  310.  Berichte,  Berlin,  1869,  ii.,  460. 

'  Dingler's  Polyt.  J.,  1861,  clxi.,  40;  *  Rif .  med.,  1903,  xix.,  1098. 

Ztschr.  f.  an.  Chem.,   1862,  i.    102;  '^  A  freshly  prepared  solution  in  a 

1865,  iv.,  387.     A  decinormal  solu-  mixture  of  8  parts  water  and  1  part 

tion:  12.66  gm.  iodin  to  the  litre  of  alcohol. 
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of  the  tannates  of  aconitin,  berberin,  cinchonin,  colchicin,  narcotin, 
papaverin,  solanin,  and  thebain  are  not  dissolved  by  cold  dilute  hydro- 
chloric acid;  and  those  of  aconitin,  physostigmin,  quinin,  solanin,  and 
veratrin  are  not  dissolved  by  cold  dilute  sulfuric  acid.  Dilute  acetic 
acid  dissolves  the  tannates  of  aconitin,  brucin,  caffein,  colchicin,  mor- 
phin,  physostigmin,  and  veratrin;  and  the  concentrated  acid  that  of 
quinin. 

8.  Platinic  Chlorid. 

Forms  double  salts  with  the  chlorids  of  most  of  the  alkaloids,  which 
are  difficultly  soluble  and  frequently  crystalline.  The  precipitates  are 
usually  yellow;  that  of  the  hydrastin  compound  is  yellowish-red;  that 
of  meconidin  yellow,  changing  to  red;  and  those  of  berbamin,  emetin, 
papaverin,  quinidin,  and  quinin  are  white  or  nearly  so.  The  following 
are  not  precipitated:  amaryllin,  angelin,  arecolin,  chrysanthemin, 
ecgonin,  jurubebin,  lycoctonin,  pelletierin,  picraconitin,  piliganin, 
protoveratridin,  protoveratrin,  and  trigonellin;  and  the  following  only 
from  concentrated  solutions:  aconitin,  atropin,  coniin,  cytisin,  hyos- 
cyamin,  narcotin,  nicotin,  physostigmin,  piperin,  piturin,  pseud- 
aconitin,  and  thein.  Morphin  gives  a  precipitate  immediately  in 
solutions  of  concentration  greater  than  1  :  100,  or  in  more  dilute 
solutions  (to  1  :  3,000)  after  twenty-four  hours;  the  deposit  becoming 
crystalline  and  being  insoluble  in  cold  hydrochloric  acid.  Aspido- 
spermin  and  acorin,  aloin  and  catechin  reduce  the  platinic  salt  with 
formation  of  a  blue  color. 

The  chloroplatinates  of  the  alkaloids  are  definite  compounds,  whose 
analysis  has  been  frequently  utilized  to  determine  the  composition  and 
molecular  weight  of  the  alkaloid. 

9.  Auric  Chlorid. 

Forms  chloraurates  with  the  alkaloids,  which  are  for  the  most  part 
yellow,  insoluble  or  difficultly  soluble  and  crystalline.  The  precipi- 
tates of  the  chloraurates  of  aricin,  brucin,  colloturin,  delphinin,  ecgonin, 
emetin,  meconidin,  quebrachin,  quinicin,  quinin,  rhaeadin,  and  strychnin 
are  amorphous.  Eupatorin  and  pilocarpidin  form  no  precipitates; 
codein,  narcotin,  and  nicotin  only  in  concentrated  solutions;  and 
caffein,  colchicin,  and  theobromin  only  slowly.  Reduction  of  the 
gold  compound  occurs  much  more  frequently  than  of  the  platinic,  and 
is  indicated  by  a  purple  color,  either  immediately  or  after  a  time. 
The  following  alkaloids  cause  reduction:  aconin,  apomorphin,  con- 
cusconin,  conquinamin,  eupatorin,  geissospermin,  hydroquebrachin, 
paytamin,  pay  tin,  pelletierin  (on  warming),  physostigmin  and  quin- 
amin;  as  do  many  of  the  glucosids. 

The  crystalline  chloraurates  have  served  the  same  analytical  pur- 
poses as  the  chloroplatinates. 
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10.  Hager's  Reagent— Picric  Acid.^ 

Added  to  solutions  of  most  of  the  alkaloids  acidulated  with  sulfuric 
acid  it  causes  precipitates  which  are  in  many  cases  crystalline.  Gluco- 
sids,  with  the  exception  of  adonin,  euonymin,  and  limonin,  are  not  pre- 
cipitated. Morphin  in  concentrated  solution  forms  a  precipitate  which 
disappears  on  dilution.  From  dilute  acid  solutions,  anilin,  caffein, 
morphin,  pseudomorphin,  solanin,  and  theobromin  are  not  precipitated: 
and  aconitin  and  atropin  only  incompletely  even  from  concentrated 
solutions.  From  strongly  acid  solutions  berberin,  the  cinchona  alka- 
loids, colchicin,  delphinin,  emetin,  the  opium  alkaloids  other  than 
morphin  and  pseudomorphin,  the  strychnos  alkaloids  and  veratrin  are 
completely  precipitated. 

The  alkaloid  may  be  liberated  from  its  picrate  by  potassium 
hydroxid.^ 

11.  Other  General  Reagents. 

Besides  various  modifications  of  the  above,  a  number  of  other  gen- 
eral reagents  have  been  used,  of  which  the  following  are  the  more 
prominent: 

Bromin,^  in  aqueous  solution,  causes  in  acid  solutions  of  many 
alkaloids  yellow  precipitates,  which  sometimes  (atropin)  assume  char- 
acteristic forms;  and  with  some,  such  as  brucin,  strychnin,  narcotin, 
and  quinin,  a  rose-pink  or  red  color,  either  immediately  or  on  being 
boiled. 

Phospho-antimonic  acid*  is  said  to  cause  white  amorphous  pre- 
cipitates in  solutions  of  the  alkaloids  in  excess  of  dilute  sulfuric  acid. 
Color  reactions  are  also  produced  with  brucin,  narcotin,  and  piperin. 
The  delicacy  of  the  reagent  is  less  than  that  of  Sonnenschein's,  except 
with  atropin.     Digitalin  is  also  precipitated. 

Silicotungstic  acid,^  either  in  aqueous  or  alcoholic  solution,  causes 
precipitates  with  almost  all  of  the  alkaloids,  from  which  the  alkaloid 
may  be  liberated  by  decomposition  with  caustic  alkalies. 

1  Pharm.-Centralhalle,   1869,    131.  *  Schultze:  Ann.  Ch.  u.  Ph.,  1859, 

Ztschr.  an.  Ch.,   1870,  ix.,   110.     A  cix.,  177,  obtained  by  dropping  an- 

saturated  aqueous  solution.  timony   pentachlorid   into   aqueous 

^See    also   Popoff:    Ann.    d'hyg.,  phosphoric  acid;  or  by  adding  one 

1891,  3  s.,  xxvi.,  81,  and  in  Brouar-  volume    antimony   pentachlorid  to 

del    and    Ogier:    "Lab.    d.    Tox.,"  four  volumes  of  saturated  solution 

203.  of  disodic  phosphate. 

"  Either  bromin  water,  applied  to  =  Godeffrov:  Ztschr.  f.  an.  Chem., 
the  solution  of  the  alkaloid  in  dilute  1877,  xvi.,  244.  Prepared  by  boil- 
hydrochloric  acid  (Bloxam:  Chem.  ing  solutiian  of  sodium  tungstate 
News  1883,  xlyii.,  215);  or  a  solu-  with  freshly  precipitated  silicic  acid, 
tion  of  bromin  in  potassium  bromid ;  precipitating  with  mercurous  nitrate, 
or  aqueous  hydrobromic  acid  satu-  decomposing  the  washed  precipitate, 
rated  with  bromin  (Wormley:  Pros-  with  hvdrochloric  acid  and  evapo- 
cott,  "  Orsan.  Anal.,"  p.  47).  rating  to  crvstallization. 
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lodin  chlorid^  forms  yellow,  crystalline  precipitates,  whicli  are 
blackened  by  ammonia,  from  hydrochloric  acid  solutions  of  pyridin 
and  quinolin  and  of  the  alkaloids  which  are  derivatives  of  those  bases. 

Potassium  plaiinocyanid'  forms  crystalline  deposits  with  some 
alkaloids,  notably  with  morphin,  strychnin,  and  the  cinchona  alkaloids. 

Potassium  argentocyanid^  gives  amorphous,  colorless  precipitates 
when  added  in  excess  to  very  faintly  acid  solutions  of  many  of  the 
alkaloids.     Some  of  the  precipitates  become  crystalline. 

Potassium  cupro-cyanid,*  potassium  ferrocyanid,  potassium  ferri- 
cyanid,  and  potassium  thiocyanate^  form  precipitates,  which  are  frequently 
crystalline,  in  solutions  of  some  of  the  alkaloids. 

Potassium-zinc  iodid"  forms  in  not  too  dilute  solutions  of  some 
of  the  alkaloids  (strychnin,  brucin,  quinin,  codein,  papaverin,  narcein) 
white  or  yellowish  precipitates  which  are  or  become  crystalline. 

Lead  acetate,  neutral  or  basic,  forms  precipitates  with  only  a  few  of 
the  alkaloids  (acolyctin,  aconin,  nicotin,  spartein,  and  theobromin), 
but  does  with  many  glucosids  and  bitter  principles. 

Mercuric  chlorid  also  gives  white  precipitates  with  many  alkaloids, 
which  are  for  the  most  part  crystalline  or  gradually  become  so.  Those 
of  berberin,  brucin  (except  concentrated),  hyoscin,  quinidin,  and  quinin 
remain  amorphous.  The  following  alkaloids  give  no  precipitates: 
arecolin,  chrysanthemin,  ergotinin,  lobeliin,  lycoctonin,  protoveratrin, 
taxin,  and  trigonellin.     Many  glucosids  also  form  white  precipitates. 

Silver  nitrate  is  reduced  by  some  alkaloids:  aconin,  capsaicin, 
cupronin,  dibromapophyllin,  morphin,  and  pseudaconin;  and  precipi- 
tates with  some  others:  anthocerin,  capsicin  (in  strong  alcoholic  solu- 
tion), capsicol,  lobeliin,  oxyacanthin,  quinidin,  and  theobromin.  It  is 
also  reduced  by  several  glucosids  and  bitter  principles. 

Potassium,  dichromate  in  saturated  aqueous  solution  forms  pre- 
cipitates which  soon  become  crystalline  with  solutions  of  most  alka- 
loidal  salts.  The  following,  however,  form  no  precipitates:  aconitin, 
amaryllin,  and  delphinin;  the  following  only  in  concentrated  solu- 
tions: cocain,  morphin,  sabadillin,  sabatrin,  and  thein;  ancj  narcein 
only  in  acid  solution.     Alstonin  and  porphyrin  form  red  solutions. 

'Dittmar:     Bar.    deuf.   chem.  =  Delffs:Chem,  Centlbl.,  1864,  607. 

Gesell.,  1885,  xviii.,  1612.     Prepared  Van  der  Burg:  Ztschr.  f.  an.  Chem., 

either    by    agitating    iodin   chlorid  1865,  iv.,  296. 

with    water;     by    passing    chlorin  ^  Dragendorff:    "Ermitt.    v.    Ciif- 

through  water  holding  iodin  in  sus-  ten,"  4te  Aufl.,  157. 

pension;  or  by  mixing  together  5  c.c.  *  Dragendorff :  loc.  cit. 

solution  of  potassium  iodid   (1:10)  '' Dragendorff:  Op.  crt.,  and  Worm- 

and   18   c.c.   solution   of   potassium  ley:  "Micro-Chem.  Poisons," /lass/m. 

nitrite;  adding  6.5  c.c.  hydrochloric  "  Dragendorff:  Zoc.  cii.  Preparedin 

acid    (thirty-three    per    cent.)    and  the     same     manner     as     Marm^'s 

filtering  after  effervescence  has  reagent, 
ceased. 
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Potassium  permanganate  is  reduced  more  or  less  rapidly  by  many 
alkaloids,  with  precipitation  of  manganic  peroxid.  A  few  alkaloids 
behave  peculiarly  with  this  reagent :  apomorphin  gives  an  intense 
green  color;  morphin  forms  a  white,  crystalline  precipitate  (oxydimor- 
phin);  cocain  forms  a  stable  violet  precipitate;  and  narcein,  narcotin, 
and  papaverin  similar,  but  less  stable,  precipitates. 

Sodium  thioaniimonate^  forms  yellow,  fiocculent  precipitates  in 
solutions,  as  nearly  neutral  as  possible,  of  salts  of  quinin,  cinchonin, 
quinidin,  morphin,  codein,  narcotin,  strychnin,  brucin,  atropin,  and 
bebeerin. 

Lead  chlorid'  forms  precipitates,  usually  finely  crystalline,  in  solu- 
tions of  the  chlorids,  acetates,  or  nitrates  (not  sulfates)  of  strychnin,  ■ 
quinin,   cinchonin,   morphin,    codein,   brucin,   and  probably  of  other 
alkaloids. 

Ammonium  diaminchromium  thiocyanate^  when  added  in  safr 
urated  aqueous  solution  to  solutions  of  the  chlorids  of  the  monamins, 
anilin,  toluidins,  pyridin,  quinolin,  quinin,  strychnin,  cocain,  pilocar- 
pin,  atropin,  and  hyoscyamin,  produces  red  or  purple  crystaUine 
precipitates. 

Benzoyl  chlorid  and  sodium  hydroxid'  when  agitated  with  aque- 
ous solutions  of  cadaverin,  putrescin,  and  other  diamins  causes  the  for- 
mation of  insoluble  crystalline  precipitates  of  dibenzoyl  compounds. 
Polyatomic  alcohols,  including  glycerol  and  the  carbohydrates,  are 
similarly  precipitated. 

Uranium  nitrate^  in  aqueous  5  per  cent,  solution  exactly  neutralized 
with  ammonia,  forms  amorphous  precipitates,  which  become  crystalline, 
in  aqueous  or  alcoholic  solutions  of  most  alkaloids.  Caffein,  theobromin, 
and  asparagin  do  not  precipitate.  Morphin  in  not  too  dilute  solution 
gives  an  orange  or  red  color. 

Color  Tests. — Besides  the  above  reagents,  which  act  as 
precipitants,  there  are  numerous  substances  or  mixtures  which 
produce  with  the  alkaloids  and  glucosids  changes  of  color  more 
or  less  pronounced  and  characteristic.  In  applying  them  it  is, 
however,  essential  that  the  alkaloid  shall  be  separated  in  as 

"Palm:   Ztsch.   f.   an.   Ch.,  1883,  powdered  potassium  dichromate  (40 

xxii.,  224.  gm.)  is  gradually  added,  the  melt  is 

^Palm:     loc.  cit.,     p.  227.     Lead  extracted     with     cold     water,    the 

chlorid  dissolved  in  boiling  sodium  solution  crystallized,  and  the  crystal- 

chlorid  solution.  line    residue    again   extracted  with 

'  Reinecke's  salt.     Ann.  d.  Chem.,  cold  water  and  recrystallized. 

cxxvi.,  113.     Christensen:  Jour.  pr.  *  Udransky   and    Baumann:  Be- 

Chem.  [2],  xlv.,  213,  356.     J.  Chem.  richte,  1888,  xxi.,  2745. 

Soc,   1S92,   Ixii.,  798,   1000  [abst.].  =  Aloy:    Bull.    Soc.   Chim.,   1903, 

Ammonium  thiocyanate   (200  gm.)  3  s.,  xxix.,  610. 
is    fused    in    a    porcelain    crucible, 
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pure  a  condition  as  the  circumstances  will  permit,  and  shall  be 
free  from  other  substances  capable  of  causing  color  changes 
which  may  mask  those  due  to  the  alkaloid,  prevent  their  forma- 
tion, or  themselves  cause  similar  colorations. 

Some  of  these  reagents  produce  colors  with  a  great  number 
of  alkaloids  and  glucosids  and  may  therefore  be  considered  as 
general  reagents.     Such  are  the  following: 

Sulfuric  acid  applied  in  the  concentrated  form  to  the  solid  alka- 
loid causes  colors  -which  are  red,  purple,  or  violet  with  aconitin  (only 
when  impure),  apomorphin,  beta-homo-chelidonin,  boldin,  brucin  (due 
to  HNO3  in  the  HjSOJ,  cocain  (only  when  impure),  delphinoidin,  dita- 
min,  ecbolin,  echitamin,  echitmin,  fumarin,  hydrastin  (due  to  HNO,  in 
the  H2SO4),  hypoquebrachin,  laudanin,  laurotetanin,  narcein  (if  im- 
pure), pareirin,  porphyrin,  protoveratridin,  rhaeadin,  rubijervin,  saba- 
dillin,  sabadinin,  sabatrin,  staphisagrin,  taxin,  thebain;  adonin,  angelin, 
amygdalin,  brucamarin,  californin,  camellin,  cascarillin,  cerberin, 
cnicin,  columbin,  convallamarin,  convolvulin,  copalchin,  cyclamin, 
digitonin,  dulcamarin,  elaterin,  gratiosolin,  helixin,  helleborein,  helle- 
boretin,  helleborin,  hesperidin,  hydrocarotin,  jalapin,  kosin,  laserpitin, 
limonin,  linin,  panaquilon,  phillygenin,  phillyrnin,  phloretin,  physo- 
din,  pimpinellin,  populin,  quinovin  (slowly),  salicin,  saligenin,  sapo- 
genin  (slowly),  saponin,  sapotin,  smilacin,  sophorin,  tampicin  (slowly), 
and  turpethin  (slowly).  With  the  following  a  red  or  violet  color  is 
preceded  by  yellow:  atisin,  corydalin,  grandiflorin,  heliotropin,  phlori- 
zin, sabadin,  smilacin,  veratralbin,  veratrin;  assamic  acid,  ononin, 
phlorrhizin,  urechitin,  and  urechitoxin;  by  brown  with  menyanthin, 
scillitoxin,  and  vernonin;  by  green  with  asiminin,  frangulin,  and  spar- 
attospermin ;  and  by  blue  with  curarin  and  papaverin  (if  impure).  The 
red  tinge  is  succeeded  by  blue  and  violet  with  assamic  acid;  hy  black 
with  chamselirin;  by  green,  blue,  and  violet  with  podophyllotoxin; 
and  by  brown  with  scillitoxin.  The  color  is  yelloio,  orange,  or  brown 
with  alpha-homo-chelidonin,  amaryllin,  anthocercin,  berberin,  caly- 
canthin,  ceanothin,  chelerythrin,  cinchonamin,  colchicein,  colcliicin, 
delphinin,  delphinoidin,  emetin,  gelsemin,  gnoscopin,  hydrocotarnin, 
imperialin,  javanin,  jervin,  laudanosin,  lobelin,  narcein,  oxyacanthin, 
solanin,  veratroidin;  andrometoxin,  antiarin,  capsicin,  diosmin,  eric- 
olin,  eupatorin,  euphorbin,  fraxetin,  gentiopicrin,  gratiolin,  gratioso- 
lin, guacin,  helixin,  helleborein,  helleborin,  junipicrin,  liriodendrin, 
mangostin,  picrotoxin,  prophetin,  rosaginin,  scillain,  scilhn,  solanin, 
strophanthin,  syringopicrin,  and  villosin.  A  yellow  or  brown  color  is 
succeeded  by  violet  and  brown-gray  with  calcitropiu,  by  green  with 
chairamidin,  concheiramidin,  conchairamin,  physostigmin,  piperin 
(slowly),  ustilagin,  and  agoniadin.     With  gelsemin  and  euonymin  the 
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color  is  yellow,  changing  to  brown.  The  following  give  blue  or  green 
colors:  aricin,  aristin,  bebeerin,  codamin,  concusconin,  cryptopin, 
cuprin,  cuscurin,  geissospermin,  glaucin,  papaverin  (if  impure),  pari- 
cin,  protoveratrin,  pseudomorphin,  quebrachamin,  rhaeadin,  thebaicin, 
thebenin,  ustilagin;  aristolochin,  asclepiadin,  coniferin,  crocetin,  cro- 
ein,  digitalin  (?),  and  syringin.  Tylophorin  and  absinthin  are  at  first 
brown,  then  green,  then  blue.  Strophanthin  is  fole  yellow,  then  brown, 
then  green. 

Erdmaim's  reagent/  Froehde's  reagent,^  Buckingham's 
reagent,'  Selmi's  reagent/  Mandelin's  reagent/  Brociner's 
reagents/  Guy's  or  Wenzell's  reagent/  Luchini's  reagent,' 
Sonnenschein's  reagent/  and  Lafon's  reagent^" — 

Are  all  solutions  of  reducible  compounds  in  sulfuric  acid  which,  although 
not  general  reagents,  give  color  reactions  with  certain  alkaloids.  (See 
Strychnin,  Morphin,  Atropin.) 

Arnold's  Reactions/' 

(1)  Coniin,  nicotin,  and  aconitin  give  color  reactions  when  heated 
five  to  fifteen  minutes  with  syrupy  phosphoric  acid.  (2)  Color  reactions 
are  obtained  with  brucin,  codein,  colchicin,  delphinin,  digitahn,  emetin, 
morphin,  narcein,  narcotin,  papaverin,  solanin,  strychnin,  and  veratrin 
when  a  particle  of  the  alkaloid  is  moderately  warmed  with  concen- 
trated sulfuric  acid  and  a  strong  (thirty  to  forty  per  cent.)  aqueous  or 
alcoholic  solution  of  caustic  potash  is  graduallj^  added.  (3)  If  the  alka- 
loid be  dissolved  in  concentrated  sulfuric  acid  and  a  fragment  of  sodium 
nitrite  added,  and  afterward  alcoholic  or  aqueous  potash  solution,  color 
reactions  are  obtained  with  aconitin,  atropin,  brucin,  codein,  colchicin, 

'  Ann.   d.   Ch.,    1861,    cxx.,    120.  niobate,   potassium  ruthenate,  am- 

Six  drops  of  nitric  acid  (sp.  gr.  1.25)  monium    uranate,    and   ammonium 

added   to   100  c.c.   water.     Of  this  tellurate    in    concentrated    sulfuric 

10  drops  are  added  to  20  grams  con-  acid, 

centrated  sulfuric  acid.  'Am.    J.   Ph.,    1861,    517;   1870, 

2  Ann.   d.   Ch.,    1861,    cxx.,    188.  385.     A  solution  of  1  part  of  potas- 
0.1  gm.  sodium  molybdate  dissolved  sium  permanganate  in  2,000  of  con- 
in  10  c.c.  concentrated  sulfuric  acid.  centrated  sulfuric  acid. 
Must  be  freshly  prepared.  s  L'Orosi:  1SS5,  viii.,  110;  Ztsch. 

'The    sanie    as   Frohde's    except  f.  an.  Ch.,  1886,  xxv.,  565.     A  solu- 

that  ammonium  molybdate  is  used.  tion    of    potassium    dichromate  in 

*  Berichte,     1878,     xi.,    Ui92.     A  concentrated  sulfuric  acid, 

saturated  solution  of  iodic  acid  in  «  Berl.  Id.  Wochenschr.,  1873,  x., 

concentrated  sulfuric  acid.  310.    A  solution  of  cerosocericoxid in, 

=  Ph.    Jahrb.,    1S83-S4,    766.     A  sulfuric  acid, 

solution    of    1    part    of    ammonium  >°  C.  rend.  Ac.  Sc,  Paris,  ISSo.c, 

vanadate   in    100   parts   of   concen-  1543.     Also  da  Silva:  J.  d.  ph.  et  de 

trated  sulfuric  acid.     See  also  Kun-  ch. , 1891,  xxiv.,  102.    A  solution  of  1 

drat:  Chem.  Ztg.,  xiii.,  265;  Ztsch.  gm.  sodium  selenite  in  20  c.c.  con- 

f.  an.  Ch.,  ISSf),  xxviii.,  70V).  centrated  sulfuric  acid. 

"  J.  d.  ph.  et  de  chim.,  1S8S,  5  s.,  "  Arch.  d.  Pharm.,  3  R.,  xs.,  561; 

xvm.,  204;  18S9,  xx.,  390;  1890,  Ztsch.  f.  an.  Ch.,  1S84,  xxiii.,  22S. 
XX.,  468.     Solutions  of  ammonium 
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delphinin,  digitalin,  emetin,  morphin,  narcein,  narcotin,  papaverin, 
solanin,  strychnin,  and  veratrin.  Another  reaction,  particularly  char- 
acteristic of  narcein,  suggested  by  Arnold,'  consists  in  heating  the 
alkaloid  with  sulfuric  acid  and  phenol. 

The  Furfural  Reaction.  = 

When  certain  alkaloids  (and  many  other  substances)  are  mixed 
with  cane  sugar  and  moistened  with  concentrated  sulfuric  acid,  a  purple 
red,  violet,  or  blue  color  is  produced,  apart  from  the  brown  or  black 
due  to  the  sugar  itself.  Wender  has  modified  the  test  by  using  furfural 
and  sulfuric  acid  directly. 

Concentrated  nitric  acid 

also  causes  color  reactions  with  many  alkaloids.  The  following  are 
colored  red,  purple,  or  red-violet:  aconitin  (if  impure),  apomorphin, 
asiminin,  aspidospermin,  boldin,  brucin,  capsaicin,  corydalin  (slowly), 
cotarnin,  curarin,  damascenin  (slowly),  geissospermin,  grandiflorin, 
igasurin,  loxopterigin,  meconidin,  pareirin,  paytamin,  physostigmin, 
porphyrin,  pseudomorphin,  ratanhin  (if  impure),  thebaicin,  tylophorin, 
vicin  (after  evaporation) ;  camellin,  cascarillin,  chicorin,  colocynthin, 
daphnin,  daphnetin,  ecbolin,  gardenin,  laserpitin,  sinalbin,  and  syringin. 
With  echitamin,  purple  changing  to  green;  with  echitenin  red  to  purple, 
to  green,  to  yellow;  with  fraxetin,  dark  violet  to  red,  to  yellow.  The 
following  give  yellow,  orange,  or  brown;  aconitin  (impure),  anthocercin, 
bebeerin,  berberin,  caenothin,  cinchonamin,  codein,  cryptopin  (slowly), 
cytisin,  emetin,  gelsemin,  hydrastin,  imperialin,  lanthopin,  laudanin, 
laurotetanin,  morphin,  narcein,  narcotin,  oxyacanthin,  papaverin, 
physostigmin,  piperin,  ratanhin,  rhseadin,  sabadillin,  sabatrin,  strychnin, 
taxin,  thebain,  veratrin;  agoniadin,  asamic  acid,  chamaelirin,  digitalin 
(?),  euonymin,  eupatorin,  gratiolin,  guacin,  ononin,  and  strophanthin. 
Colchicin,  violet  to  brow7i,  to  yellow.  Ditamin,  yellow  to  dark  green,  to 
orange-red.  Scillain,  yellow  to  green.  Scillitoxin,  yellowish-red  to 
orange,  to  yellowish-green.  The  following  give  blue  or  green  colors : 
aricin,  calycanthin,  chairamidin,  chairamin,  codamin,  colchicein, 
conchairamidin,  conchairamin,  concusconin,  cusconin,  ditamin,  para- 
buxin,  solanin,  and  adonin.  Crocin,  blue  to  brown.  Scillain,  yellow 
to  green. 

The  Euchlorin  Reaction. 

According  to  Fraude,'  an  aqueous  solution  of  perchloric  acid,  sp. 
gr.  1.13-1.14  when  heated  with  the  opium  or  cinchona  alkaloids,  vera- 
trin, caffein,  atropin,  nicotin,  or  coniin  gives  no  color,  but  with  aspido- 

'  Repert.  d.  an.  Ch.,  1882,  ii.,  229.  Ibid.,  1888,  xii.,  355,  377.    Wender: 

'  Schneider:    Pogg.    Ann.,     1872,  Ph.  Jahrb.,  1893,  482. 

cxlvii.,   128;  Ztsch.   an.   Ch.,    1873,  "  Berichte,     Berlin,     1879,     xu., 

xii.,  218.     Mylius:  Ztsch.  f.  physiol.  1558. 

Ch.,     1887,     xi.,     492.     Udransky: 
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spermin  and  the  strychnos  alkaloids  produces  yellow  and  red  tints, 
which  are  permanent  and  show  absorption  spectra.  Bloxam'  obtained 
similar  reactions  by  dissolving  the  alkaloid  in  dilute  nitric  or  hydrochloric 
acid,  heating  and  adding  potassium  chlorate.  Fraude  had  previously 
used  dilute  sulfuric  acid  and  potassium  chlorate.  According  to  Haens- 
serman  and  Sigel,^  the  reaction  is  not  given  with  pure  perchloric  acid, 
and  is  due  to  the  presence  of  free  chlorin  or  of  lower  chlorin-oxygen 
compounds  in  the  commercial  acid. 

Liebermann's  Reaction.* 

Most  of  the  alkaloids  when  cautiously  heated  to  fusion  with  caustic 
potash  (purified  by  alcohol)  give  no  characteristic  reaction — aloetin, 
chrysophanic  acid,  the  cinchona  alkaloids,  apomorphin,  sabadillin, 
thebain,  and  cocain  produce  blue  or  green  colors.  Ptomains  give  no 
color. 

Other  color  reactions,  such  as  Vitali's,  Husemann's,  Brouardel  and 
Boutmy's,  the  thalleiochin,Chastaing  and  Barillot's,  Gerrard's,  Grandeau's, 
Pellagri's,  Robinet's,  Rosenthaler  and  Turk's,  Caro's,  Melzer's,  Marquis' 
and  Roussin's,  are  rather  special  tests  for  certain  alkaloids  than  general 
reagents,  and  will  be  referred  to  in  discussing  the  alkaloids  to  which 
they  particularly  apply. 

The  spectroscopic  appearances  of  alkaloidal  color  reactions  have 
been  studied  by  Brasche,*  Hartley,'  Hock,"  and  Masche.' 

Other  Methods  of  Extraction  of  Alkaloids. 

The  following  processes  are  here  briefly  described,  because,  although 
not  generally  serviceable  in  toxicological  analysis,  they  may  under 
exceptional  conditions  be  found  of  use. 

By  Dialysis. 

This  method  of  separating  alkaloidal  as  well  as  mineral  poisons  from 
the  colloid  constituents  of  organic  mixtures  is  of  most  limited  utility,  if 
indeed  it  can  be  considered  as  in  any  way  advantageous.  It  is  based 
upon  the  discovery  of  Graham,  that  crystalline  substances  pass  through 
animal  membranes  from  their  solutions  into  pure  water  on  the  other  side 
of  the  membrane,  while  protein  and  other  non-crystalline  substances  do 
so  only  imperfectly,  if  at  all. 

The  solution  (contents  of  stomach,  etc.)  is  placed  in  the  inner  vessel 
of  the  dialyzer  (Fig.  6),  which  is  a  ring  or  glass  ^-essel  whose  bottom 

1  Chem.  News,  1887,  Iv.,  155.  *  Diss.,    Dorpat,    1891,    and  Ph. 

^  Pharm.  Jahresb.,  1901,    xxxvi.,  Ztsch.  f.  Russland,  1891,  xxx. 
330.  '  Cliem.  News,  1884,  287. 

=  Berichte,  Berlin,  1878,  xi.,  1606.  "  Diss.,  Bern.,  1S82. 

See   also    Lenz:    Ztsch.   f.    an.    Ch.,  '  Chem.  Centbl.,  1S91,  1091. 

1886,  XXV.,  29. 
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Fig.  6. — Dialyzer. 


consists  of  bladder  or  parchment  tightly  tied  on  while  moist,  in  such 
manner  as  to  permit  of  no  leakage.  Pure  water  is  put  into  the  outer 
vessel  and  the  inner  is  floated  upon  or  suspended  in  the, water.  The 
water  is  renewed  from  time  to  time,  and,  after  concentration,  is  ex- 
amined for  crystalline 
poisons.  Or  a  loop  of 
tubing  made  of  parch- 
ment paper,  suspended 
with  the  ends  above  the 
surface  of  water  in  a 
beaker,  may  be  used  as  a 
dialyzer.  Little  is  gained 
by  this  treatment,  how- 
ever, as  the  poison  is  not 
separated  in  a  condition  — ^ 
approaching  purity,  and 
the  water  from  the  ex-  ■'^: 
ternal  vessel  must  be  sub-  *^ 
sequently  treated  by  the 
usual  methods  for  the 
further  purification  and  identification  of  either  mineral  or  organic  poisons. 

Graham  and  Hofmaim's  method^ 

was  first  adopted  for  the  separation  of  strychnin  from  beer,  and  is 
based  upon  the  property  of  freshly  burnt  animal  charcoal  of  absorbing 
strychnin  salts  from  their  aqueous  solutions  and  of  giving  the  same  up 
to  alcohol.  Freshly  burnt  animal  charcoal  (bone-black)  in  coarse  pow- 
der is  agitated  with  the  solution  to  be  examined,  which  is  then  filtered 
off.  The  charcoal  is  washed  with  water  and  then  boiled  with  alcohol, 
which  is  then  filtered  off,  the  alcohol  removed  by  distillation,  and  the 
alkaloid  removed  from  the  residue  by  a  suitable  solvent. 

Precipitation  methods 
depend  upon  the  formation  of  insoluble  compounds  of  the  alkaloids, 
which  are  subsequently  decomposed  by  suitable  agents,  and  the  alkaloid 
removed  by  the  proper  solvent. 

Sonnbnschein's  method^  consists  in  extracting  the  materials  with 
water  acidulated  with  hydrochloric  acid,  concentrating  over  the  water- 
bath,  again  diluting,  filtering,  and  precipitating  with  phosphomolybdic 
solution.^  The  precipitate  is  washed  with  water  containing  a  little 
phosphomolybdate  and  potassium  nitrate,  and  decomposed  by  addition 
of  barium  hydroxid  to  alkaline  reaction.     The  liberated  volatile  alka- 


'  Ph.  J.  and  Tr.,  1851-52,  xi.,  504. 
^Ann.  d.   Chem.,    1857,   civ.,   45, 
and  "Ger.  Cham.,"  p.  320. 
IV.— 12 


'  See  p.  165. 
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loids  are  then  separated  by  distillation,  and  the  fixed  alkaloids  by  treat- 
ment with  carbon  dioxid,  evaporation  and  extraction  of  the  residue 
with  strong  alcohol. 

Palm,  according  to  Kobert,'  has  modified  this  method  in  that  he 
extracts  with  water  slightly  acidulated  with  sulfuric  acid,  and  pre- 
cipitates with  neutral  and  with  basic  lead  acetate  before  precipitating 
with  molybdic  acid. 

Brieger's  method^  was  devised  for  the  extraction  of  ptomains,  and 
is  also  essentially  a  modification  of  Sonnenschein's.  The  materials  are 
extracted  with  water  acidulated  with  hydrochloric  acid,  heated  to  boil- 
ing, filtered,  and  evaporated  to  a  syrup.  This  is  extracted  with  alcohol 
(ninety-six  per  cent.)  and  the  filtered  extract  treated  with  alcoholic 
solution  of  lead  acetate.  The  filtrate  from  the  precipitate  formed  is 
evaporated  to  a  syrup,  again  extracted  with  alcohol,  the  alcohol  evapo- 
rated, the  residue  dissolved  in  water  and  freed  from  lead  by  hydrogen 
sulfid.  After  addition  of  a  little  hydrochloric  acid  the  liquid  is  again 
concentrated  to  a  syrup,  which  is  extracted  with  alcohol  and  the  solution 
precipitated  with  alcoholic  solution  of  mercuric  chlorid.  The  filtrate 
from  the  precipitate  formed  is  freed  from  alcohol  by  evaporation 
after  the  acid  has  been  nearly  neutralized  with  soda,  and  from 
mercury  by  solution  in  water  and  treatment  with  hydrogen  sulfid. 
This  aqueous  solution  is  concentrated,  the  residue  extracted  with 
alcohol,  the  alcohol  expelled,  the  residue  dissolved  in  water,  the  hydro- 
cliloric  acid  neutralized  with  soda,  the  solution  acidulated  with  nitric 
acid  and  precipitated  with  phosphomolybdic  acid. 

The  alkaloids  contained  in  the  mercuric  and  phosphomolybdic  pre- 
cipitates are  recovered  by  decomposition  of  the  compounds,  and  ex- 
traction of  the  liberated  alkaloids  by  suitable  solvents. 

The  precipitation  methods,  although  they  have  rendered  valuable 
service  for  purposes  of  investigation,  are  not  adapted  to  forensic 
analysis,  ^partly  by  reason  of  the  number  of  reagents,  some  of  which  are 
poisonous,  which  are  introduced  into  the  materials  under  examination, 
partly  because  of  the  liability  to  decomposition  of  glucosids  and  certain 
alkaloids  by  the  reagents  used,  and  partly  because  they  present  no 
advantage  over  the  extraction  methods  above  described,  either  in 
facility  or  rapidity  of  manipulation  or  of  separation  of  alkaloids  from 
ptomains. 

By  Direct  Extraction. 

The  direct  extraction  of  alkaloids  and  other  vegetable  poisons  by  the 
action  of  a  solvent,  water,  dilute  acid,  dilute  alkalies,  alcohol,  ether, 
chloroform,  petroleum  ether,  benzene,  etc.,   upon  the  dried  or  semi- 

'"Intoxikationen,"p.O.-,.  =  "Untersuch.  u.  Ptomaine,"  1886, 

3  Th.,  p.  19. 
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solid  material  can  rarely  be  resorted  to  in  forensic  analysis.  Occasion- 
ally, however,  this  method  may  be  of  service  in  the  examination  of  an 
article  of  food  or  a  medicine,  particularly  when  the  search  is  limited 
to  one  poison.  The  solvent  selected  should  be  that  in  which  the  mate- 
rials with  which  the  poison  sought  for  is  mixed  are  the  least  soluble, 
and  which  is  yet  capable  of  dis- 
solving the  substance  to  be  ex- 
tracted. With  aqueous  solvents, 
solution  and  separation  are  effected 
by  trituration,  agitation,  and  filtra- 
tion. With  solvents  not  miscible 
with  water  the  materials  must  be 
previously  dried  at  as  low  a  tem- 
perature as  possible.  The  Soxhlet 
(Fig.  7)  or  other  form  of  extraction 
apparatus  permits  of  a  complete 
extraction  with  a  small  quantity  of 
solvent.  The  dried  material  is 
packed  in  a  paper  cylinder  or 
"thimble"  which  is  placed  in  the 
tube  A ;  the  solvent  is  put  into  the 
flask  B,  which  is  heated  on  an  elec- 
tric heater,  on  or  in  the  water-bath, 
or  on  asbestos  gauze.  The  solvent 
is  volatilized,  passes  through  E,  is 
condensed  in  the  condenser  C,  col- 
lects in  A  until  it  rises  to  the 
point  h,  when  it  flows  through  the 
siphon,  D,  back  into  the  flask,  B,  in 
which  the  substances  extracted  by 
it  accumulate. 

The  Method  of  Hilger  and 
Kuestee'  is  a  combination  of  ex- 
traction with  dilute  acids,  as  in  the 
Stas  and  Dragendorff  methods,  fol- 
lowed by  dry  extraction  with  solv- 
ents. The  materials  under  examina- 
tion are  extracted  with  water  or  alcohol  acidulated  with  tartaric  acid. 
The  extracts  are  concentrated  on  the  water-bath,  made  into  a  paste  with 
plaster  of  Paris,  sand,  or  powdered  pumice,  and  completely  dried  at 
100°.  The  mass  is  then  packed  in  a  thimble  and  extracted  by  the 
selected  solvents  in  a  Soxhlet.     After  extraction  of  the  acid  material 


Fig.  7. — Soxhlet's  Extraction 
Apparatus. 


Mitth.  a.  d.  pharm.  Inst.  z.  Erlangen,  1889,  ii.,  291. 


180  TOXICOLOGY WITTHAU.S. 

it  is  removed  from  the  thimble,  rendered  strongly  alkaline  with 
sodium  carbonate  solution,  dried  and  again  extracted.  The 
alkaloids  are  removed  by  several  solvents  as  in  the  method 
described  above,  pp.  160-164.  This  method  is  more  expeditious 
than  that  by  agitation,  and  the  extractions  are  probably  more 
complete,  but  in  both  respects  it  is  excelled  by  the  use  of  the 
perforator. 

Micro  -sublimation ' 
consists  of  applying  heat  to  the  substance  in  a  "subliming  cell" 
in  such  manner  that  the  change  in  appearance  and  the  tempera- 
ture may  be  noted,  and  the  sublimate  collected  and  examined 
with  the  microscope.  While  some  of  the  alkaloids,  when  exam- 
ined in  the  crystalline  form  by  this  method,  produce  appearances 
which  may  serve  to  aid  in  their  identification,  indications  of 
value  cannot  be  obtained  when  the  alkaloid  is  mixed  with  other 
substances. 

Quantitative  Determination  of  Alkaloids. — It  is  rare  that 
an  alkaloidal  poison  is  present  in  a  cadaver  in  sufficient  amount 
to  permit  of  quantitative  determination.  Nevertheless,  in 
exceptional  cases  in  which  enormous  doses  have  been  given, 
a  sufficient  amount  has  remained  to  permit  of  determination, 
even  of  such  actively  toxic  alkaloids  as  atropin^  and  aconitin' 
and,  more  frequently,  of  strychnin.* 

In  the  very  exceptional  instances  in  which  it  is  possible,  the 
most  certain  method  of  quantitative  determination  consists  in 
the  isolation  of  the  alkaloid  in  crystalline  form,  finally  in  a 
tared  glass  dish,  and  weighing  after  desiccation.  Volatile  alka- 
loids are  converted  into  chlorids  and  weighed  as  such.  The 
results  obtained  by  this  method  must,  however,  always  be  con- 
sidered as  only  approximately  representing  the  amount  originally 
present  in  the  materials  examined.  If  the  purification  of  the 
extract  be  not  carried  to  completion  there  will  be  plus  error, 
which  may  be  large,  from  the  presence  of  impurities  and,  on  the 
other  hand,  complete  purification  involves  a  number  of  opera- 
tions in  each  of  which  there  is  some  loss  of  material.  Indeed 
with  small  quantities  purification  may  be  carried  to  disappear- 

'  Helwig:  "Das  Mikroskop  in  der      Med.,"  6th  ed.,  1888,  398,  463,  509. 
Toxikologie,"     1865,    ii.,    8.     Guy:       Blyth:  "Poisons,"  1884, 240. 
Ph.  J.  and  Tr.,  2  s.,  1866-67,   viii.,  =  See  p.  884 

719;  1867-68;  ix.,  10,  58.    "Forensic  '  See  p.  863. 

*  See  p.  1056. 
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ance.  It  is  best  to  carry  on  the  purification  until  a  distinctly 
crystalline  residue  is  obtained,  weigh  this,  and  determine  the 
amount  of  alkaloid  in  it  by  the  alkalimetric  method  described 
below.  Owing  to  inevitable  losses  in  extraction  and  purification, 
the  amount  found  is  always  a  greater  or  smaller  fraction  of  the 
amount  originally  present. 

The  several  volumetric  methods  which  have  been  proposed 
(other  than  the  alkalimetric  as  here  used)  are  all  unsatisfactory. 
The  formation  of  iodhydrargyrates  with  Mayer's  reagent'  and 
of  periodids  with  Wagner's  reagent^  by  most  alkaloids,, and  the 
definite  composition  and  very  sparing  solubility  of  these  com- 
pounds, early  suggested  the  use  of  these  reagents  for  the  volu- 
metric determination  of  alkaloidal  poisons.  The  Mayer  reagent 
is  made  of  such  tenure  of  mercuric  chlorid  that  a  given 
volume  precipitates  a  definite  amount  of  alkaloid:  e.g.,  for  each 
c.c.  of  reagent  0.0167  of  strychnin,  0.0145  of  atropin,  0.02  of 
morphin,  etc.  The  end  reaction  in  this  method  is  too  indefinite 
to  permit  of  accurate  determination  even  in  pure  solution,  and 
particularly  in  the  presence  of  impurities  from  which  it  is  very 
difficult  to  free  the  alkaloid  when  extracted  from  cadaveric 
material.  Kippenberger's  iodometric  method^  has  been  shown 
by  Scholz*  to  be  inaccurately  founded,  chemically,  and  to  be 
useless.  Prescott  and  Gordin's  method'  based  on  like  principles, 
was  superseded  in  Gordin's  own  estimation  by  his  second  method," 
which  is  based  upon  the  fact  that  when  an  alkaloid  is  precipitated 
from  an  aqueous  solution  containing  a  known  quantity  of  acid 
by  a  neutral  precipitant  such  as  Mayer's  or  Wagner's  reagents, 
each  molecule  of  the  alkaloid  carries  down  with  it  in  the  pre- 
cipitate a  molecule  of  the  acid  in  combination.  But  Kippenber- 
ger'  showed  it  to  yield  varying  results  even  with  aqueous  solu- 
tions of  alkaloids. 

To  check  the  results  of  the  gravimetric  determination,  the 
residue  is  dissolved  in  a  known  volume  of  N/100  hydrochloric 
or  sulfuric  acid.  On  the  other  hand,  a  250  c.c.  flask  of  alkali- 
poor  glass  is  selected,  into  which  50  c.c.  water,   enough  ether, 

'  See  p.  167.  ^  J.  Amer.  chem.  Soc,  1898,  xx., 

^  See  p.  168.  722. 

=  Ztschr.    f.    anal.    Chem.,    1895,  "  Berichte,    Berlin,    1899,    xxxu., 

xxxiv.,  317;  "Nachw.  d.  Giftstoffe,"  2871. 

Berl.,  148,  157.  '  Ztschr.    f.    anal.    Chem.,    1903, 

*  Arch.  d.  Pharm.,  1899,  ccxxxvii.,  xlii.,  101. 
71. 
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freshly  distilled  from  sodium,  to  form  a  layer  about  1  c.c.  deep  after 
agitation,  and  5  c.c.  of  an  ethereal  solution  of  iodeosin  are  placed. 
The  contents  are  agitated,  and  if  the  aqueous  layer  have  a  rose 
tint,  N/100  acid  is  added  guttatim  until,  after  agitation,  the 
aqueous  layer  remains  colorless.  If  now  on  prolonged  agitation 
a  rose  color  reappears  the  flask  gives  off  too  much  alkah  and 
must  be  discarded.  N/100  caustic  soda  is  added  to  the  contents 
of  a  satisfactory  flask  in  0. 1  c.c.  until  a  faint  rose  color  is  pro- 
duced in  the  aqueous  layer,  and  then  the  acid  alkaloid  solution. 
After  thp  disappearance  of  the  rose  color  N/100  alkali  is  added  in 
c.c.  until  the  aqueous  layer  remains  distinctly  rose  color  after 
agitation;  then  1  c.c.  N/100  acid  is  added,  and  finally  N/100 
alkali  in  0. 1  c.c.  until  a  faint  rose  color  remains  on  agitation. 
The  residue  operated  upon  must  contain  the  alkaloid  entirely  in 
the  free  state,  and  no  other  basic  or  acid  substance.  Each  c.c.  of 
N/100  acid,  multiplied  by  0.00647  =gm.  aconitin,  by  0.00289  = 
atropin,  by  0.00303  =  cocain,  by  0.00285  =anhydrous  morphin, 
by  0.00162  =nicotin,  and  by  0.00334=  strychnin. 

Purity  of  Chemicals. 

Purity  is  only  a  relative  idea.  The  analyst  is  never  justified 
in  the  statement  that  his  chemicals  are  absolutely  pure.  But  he 
can,  and  should,  assure  himself  that  the  reagents  which  he  uses 
do  not  contain  impurities  in  nature  or  quantity  sufficient  to  in- 
terfere with  their  action,  or  to  cast  doubt  upon  his  results.  He 
must  himself  determine  the  degree  of  purity  of  every  chemical 
which  he  uses,  by  the  special  methods  to'be  described  hereafter, 
not  by  the  pharmacopoeal  tests,  and  if  necessary  either  purify  an 
impure  product  or  manufacture  one  himself  from  pure  materials. 
The  purity  of  the  stock  chemicals  having  been  assured,  they 
should  be  kept  under  seal,  and  their  continued  purity  should  be 
further  ascertained  by  "  blank  controls,"  in  which  negative  results 
should  be  obtained  when  a  given  process  is  carried  to  completion, 
using^  quantities  of  the  several  reagents  at  least  equal  to  those 
used  in  the  actual  analysis. 

Hpdrochloric  Acid.— Colorless,  "arsenic-free"  acid  is  now  purchas- 
able of  a  sufficient  degree  of  purity;  although  some  samples,  which  have 
been  purified  by  Bettendorf's  method,  are  liable  to  contain  tin.  It 
should  be  tested  for  arsenic  by  one  of  the  two  following  methods:  By 
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Beckurts'  process:'  To  one  litre  of  the  acid,  which  should  have  a  sp.  gr. 
of  1.19,  20  c.c.  of  a  cold  saturated  solution  of  ferrous  chlorid  are  added 
and  the  mixture  distilled  with  acti^•e  ebullition  and  with  a  well  cooled 
condenser.  The  first  third  of  the  distillate,  after  dilution  with  water, 
is  tested  for  arsenic  by  the  Marsh  test  with  zinc  (p.  613). 

In  Otto's  method^  at  least  one  litre  of  the  acid  is  diluted  with  water 
to  sp.  gr.  1.1;  a  small  quantity  of  potassium  chlorate  is  added,  and  the 
acid  is  evaporated  in  a  porcelain  capsule  on  the  water-bath  with  occa- 
sional addition  of  water.  The  residue  is  taken  up  with  dilute  sulfuric 
acid  and  heated  until  the  hydrochloric  acid  is  expelled,  after  which  the 
liquid  is  diluted  and  tested  with  the  Marsh,  either  with  zinc  or 
electrolytically. 

The  method  of  Beckurts  has  the  advantage  over  that  of  Otto  in  that 
the  acid  remaining  in  the  distilling  flask  is  not  lost,  but  may  be  distilled 
and  used.  It  also  affords  a  means  of  purifying  an  impure  acid.  The 
concentrated  acid,  sp.  gr.  1.19,  is  placed  in  a  distilling  flask  along  with 
20  c.c.  of  cold  saturated  solution  of  ferrous  chlorid  or  sulfate  and  a 
piece  of  piano  wire,  and  distilled  at  active  ebullition.  The  first  quarter 
of  the  distillate  is  rejected,  the  next  50  c.c.  are  collected  separately,  and 
the  distillation  then  continued,  leaving  about  ten  per  cent,  of  the  original 
quantity  in  the  flask.  The  50  c.c.  collected  separately  are  tested  by  the 
Marsh  test,  and  should  give  no  stain.  The  acid  thus  purified  contains 
a  trace  of  iron,  which  is  not  detrimental  for  this  use. 

Thome  and  Jeffers^  purify  hydrochloric  acid  by  application  of  the 
principle  of  the  Reinsch  test:  The  acid  is  heated  and  distilled  over 
bright  copper  gauze,  upon  which  any  arsenic  present  is  deposited. 

A  sufficiently  arsenic-free  acid  may  be  obtained  by  the  action  of 
pure  sulfuric  acid  upon  pure  fused  sodium  chlorid,  which,  is,  howe\'cr, 
tedious  and  costly. 

Sulfuric  Acid. — Zinc. — These  are  usually  tested  together  for  arsenic 
and  phosphorus.  Lead  chlorid  is  added  to  about  500  c.c.  of  the  con- 
centrated acid,  which  is  then  distilled.  The  first  portion  of  the  distil- 
late, diluted  with  water,  is  tested  for  arsenic  by  the  acid-zinc  Marsh 
(p.  613).  If  during  one  hour's  heating  no  stain  is  produced  in  the 
reduction  tube  both  acid  and  zinc  are  sufficiently  arsenic  free.  Should 
they  not  be  so  the  acid  alone  is  similarly  tested  in  the  electrolytic 
Marsh  (p.  610). 

Zinc  is  tested  for  phosphorus  by  spectroscopic  examination  of  the 
hydrogen  flame  in  the  apparatus  figured  on  p.  676. 

Sulfuric  acid  is  tested  for  metallic  impurities,  particularly  lead,  by 
dilution  with  five  volumes  of  water  and  saturation  with  hydrogen 

'Arch.  d.  Pharm.,   1884,    ccxxii.,  ^Proc.Chem.    See,    1902,    xviii., 

684.     See  also  p.  593.  118. 

'  Berichte,  Berl.,  1886,  Ixix.,  1903. 
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sulfid.     It  should  remain  perfectly  colorless  and  should  deposit  no 
precipitate. 

Selenium  is  a  frequently  occurring  impurity  of  sulfuric  acid,  even 
that  designated  as  chemically  pure.  Its  presence  may  be  detected  by 
the  formation  of  a  green  color  in  the  cold,  changing  to  steel-blue  on  the 
water-bath,  when  codein  is  moistened  with  the  acid;  or,  preferably, 
by  diluting  the  acid  with  three  to  four  volumes  of  water,  and  adding 
sulfur  dioxid,  as  gas  or  in  solution,  when  the  liquid  turns  yellow,  then 
red,  and  finally  deposits  red  flocks.  A  still  more  delicate  reagent  is 
acetylene,  which  produces  a  red  color  in  sulfuric  acid  containing  1  /100,000 
of  selenium. 

Sufficiently  pure  sulfuric  acid  is  now  purchasable.  If  not  obtain- 
able, an  impure  acid  may  be  purified  from  arsenic  by  addition  of  a 
few  gms.  of  lead  chlorid  to  a  litre  of  the  acid,  and  distilhng  from  a 
non-tubulated  glass  retort,'  the  first  50  c.c.  of  the  distillate  being 
rejected.  Or  by  Fairley's  method^  by  distilling  after  addition  of 
twenty-five  per  cent,  of  potassium  bisulfate  and  a  little  permanganate  or 
bichromate,  preferably  the  former;  the  first  two-thirds  of  the  distillate 
being  collected.  It  may  be  purified  from  selenium  by  treating  with 
sulfur  dioxid,  and  careful  decantation  from  the  deposited  precipitate. 

Pure  zinc  is  also  purchasable,  and  we  would  advise  the  testing  of 
different  samples  of  both  sulfuric  acid  and  zinc  until  practically  pure 
products  are  found,  and  then  laying  in  sufficient  supplies,  rather  than 
the  purification  of  impure  materials.  Zinc  may,  however,  be  purified 
either  by  L'Hote's  method'  or  by  that  of  Hehner-Mai.*  In  the  former 
1.5  per  cent,  of  anhydrous  magnesium  chlorid  are  added  to  the  molten 
metal,  when  arsenic  volatilizes  as  the  trichlorid,  and  the  zinc  is  then 
granulated.  ■  In  the  latter  method  a  kilo  of  zinc  is  fused  in  a  clay 
crucible  and  about  2  gm.  of  sodium  are  added,  and  the  mixture  well 
stirred  with  a  rod  of  difficultly  fusible  glass,  bent  at  right  angles,  the 
black  scum  which  forms  upon  the  surface  being  removed  from  time  to 
time  until  the  sodium  appears  to  be  oxidized.  The  treatment  with 
sodium  is  repeated  once  in  the  same  crucible,  and  a  second  time  in 
another  heated  crucible  to  which  the  molten  zinc  has  been  transferred. 
The  zinc  is  then  allowed  to  cool  to  near  solidification  and  granulated 
by  pouring  it  into  very  dilute  hydrochloric  acid.  As  purified  by  the 
first  method,  the  zinc  contains  magnesium,  which  is  no  disadvantage, 
but  rather  an  advantage  in  the  Marsh,  as  it  renders  the  evolution  of 
gas  more  regular  than  it  is  with  pure  zinc. 

'  The  retort  should  be  heated  by  a  '  Zeitschr.   f.  anal.  Chem.,  1885, 

ring   burner  and   be   carefully  pro-       xxiv.,  83. 
tected  from  draughts.  «  Zeitschr,    f .    Unt.    d.    Nahr.  u. 

'  Analyst,  1901,  xxvi.,  179.  Genussmit.,  1902,  v.,  1108;  1903, vi., 

649. 
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Nitric  Acid. — The  purest  nitric  acid  purchasable  still  contains  0.03 
mgm.  to  the  litre  of  arsenic.  If  the  Fresenius  and  von  Babo  method 
be  followed,  this  proportion  is  negligible  in  view  of  the  very  small 
quantity  of  this  acid  used,  but  if  one  of  the  acid  methods  of  destruction 
of  organic  material  be  adopted,  in  which  notable  quantities  of  nitric 
acid  are  added,  it  must  be  taken  into  consideration.  The  acid  is  tested 
by  evaporation  of  300  c.c.  in  a  porcelain  capsule  with  addition  of  20  gm. 
of  sulfuric  acid  in  small  portions,  and  the  mixture  heated  until  about 
15  c.c.  of  sulfuric  acid  remain.  These  are  diluted  with  four  volumes  of 
water,  cooled,  and  tested  in  the  Marsh.  The  acid  may  be  purified  to  an 
arsenic  content  of  0.001  mgm.  per  litre  by  two  distillations  in  glass  with 
the  addition  each  time  of  one-tenth  in  weight  of  pure  sulfuric  acid. 

The  purity  of  other  chemicals  will  be  considered  in  the  sequel  in 
connection  with  their  uses. 

Examination  for  Mineral  Poisons. 

The  poisons  included  in  this  class  are  the  compounds  of 
arsenic,  antimony,  barium,  bismuth,  chromium,  copper,  lead, 
mercury,  silver,  tin,  and  zinc.  The  salts  of  other  metals,  such 
as  those  of  cadmium,  thallium,  and  uranium,  are  also  poisons, 
but  by  reason  of  their  rarity  have  little  practical  interest,  and, 
if  present,  would  attract  the  attention  of  the  analyst  in  the 
course  of  the  investigation. 

As  quantitative  determinations  of  mineral  poisons  are 
usually  possible  and  always  desirable,  and  as  the  distribution  of 
poisons  in  different  parts  of  the  same  organ  is  not  uniform,  the 
entire  liver,  brain,  kidney,  etc.,  must  be  weighed  and  then  finely 
hashed  and  thoroughly  mixed  before  the  samples,  which  must 
also  be  weighed,  are  taken  for  analysis. 

The  first  step  in  the  search  for  the  mineral  poisons  is  the 
destruction,  as  complete  as  possible,  or  the  removal  of  the  or- 
ganic substances  of  which  the  tissues  and  food  articles  are 
largely  composed. 

The  most  rapid  method  of  accomplishing  this  object  is  by 
simple  incineration,  but  it  is  not  available  in  searching  for 
arsenic  and  mercury,  which  would  be  lost  by  volatilization.  It 
may,  however,  be  occasionally  used  when  only  a  fixed  metal  is 
to  be  sought  for.  The  dried  and  finely  divided  substance  is 
gradually  heated  in  a  porcelain  crucible,  at  first  covered,  after- 
ward open,  until  converted  into  an  ash  which,  after  cooling,  is 
extracted  with  dilute  hydrochloric  or  nitric  acid. 
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A  modification  of  tfie  method  by  incineration  which  permits 
also  of  the  detection  of  the  volatile  metals  has  been  suggested 
by  Verryken/  but  is  only  applicable  to  the  treatment  of  small 
quantities  of  material.  From  5  to  10  gm.  of  the  perfectly  dried 
material  are  very  gradually  heated  in  a  current  of  oxygen  in  a 
combustion  tube  whose  free  end  communicates  with  a  Liebig 
bulb  apparatus  containing  water,  to  arrest  the  volatilized 
arsenic  or  mercury. 

Incineration  in  the  ordinary  method  is  facilitated  by  pre- 
viously mixing  the  dried  and  powdered  material  with  potassium 
nitrate,  and  adding  the  mixture  in  small  portions  to  a  red-hot 
porcelain  crucible.  The  cooled  melt  is  extracted  with  hot 
water. 

The  Method  of  Woehler  and  von  Siebold^  is  an  improvement 
upon  the  method  by  incineration,  which  permits  of  the  detection 
of  mineral  poisons  other  than  mercury,  which  is  lost  by  volatiliza- 
tion. The  materials  are  first  partially  oxidized  by  heating  with 
strong  nitric  acid,  neutralized  with  caustic  potash  or  potassium 
carbonate,  and  dried  at  about  120°  C.  The  dried  mass,  con- 
sisting of  the  partly  oxidized  organic  matter  and  potassium 
nitrate,  is  then  brought  in  small  quantities  at  a  time  into  a  red- 
hot  porcelain  crucible,  and  the  cooled  melt  is  extracted  with 
boiling  water. 

The  Kjeldahl  Method  of  disintegration  of  organic  substances 
may  be  used,  provided  no  compound  of  a  poisonous  metal  be  in- 
troduced as  an  oxygen  carrier.  The  material  is  first  dried,  and 
10  gm.  of  the  dried  substance,  mixed  with  60-80  c.c.  of  sulfuric 
acid,  to  which  10  per  cent,  of  potassium  sulfate  have  been  added, 
are  placed  in  a  Kjeldahl  flask,  which  is  then  connected  by  a  bent 
tube  with  a  Volhard's  recipient.  The  contents  of  the  flask  are 
heated  to  near  boihng  for  six  to  eight  hours,  until  the  hquid  has 
become  colorless,  which  may  be  accelerated  by  the  cautious  ad- 
dition of  a  small  quantity  of  nitric  acid.  The  contents  of  the 
flask  are  then  cautiously  diluted  with  much  water,  the  contents 
of  the  recipient  are  added,  and  the  mixture  is  freed  from  sulfur 
dioxid  by  heating  on  the  water-bath  during  passage  through  it 
of  air  containing  bromin  vapor. ^ 

'  J.    de   pharm.    d'Anvers,    1872,  1847,  494.     Also  Wohler  and  v.  Sie- 

193,    241.      Chem.     Centlb.,     1873,  bold:  Reprint. 
823.  3  See     Gras    and    Gintl:    Oesterr. 

'^Siebold:  "Lehrb.  d.  ger.  Med.,"  chem.  Ztg.,  1899,  ii.,  308. 
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Method  of  Fresenius  and  von  Babo. — This  is  the  most  fre- 
quently used  and  the  best  process  hitherto  devised,  and  effects 
the  desired  end  by  the  oxidizing  action  of  nascent  chlorin  gen- 
erated in  a  liquid  medium. 

The  substances  to  be  examined  are  finely  hashed  if  solid, 
and  freed  from  alcohol,  if  it  be  present,  by  evaporation  on  the 
water-bath  after  neutralization  of  any  acid  reaction  with  sodium 
carbonate.  From  50  to  150  gm.  of 
the  hashed  tissue  are  brought  into  a 
flask  and  hydrochloric  acid  and 
potassium  chlorate  added  to  the  ex- 
tent of  about  25  c.c.  of  the  former 
and  2  gm.  of  latter  for  every  100  gm. 
of  solid  to  be  disintegrated.  If  the 
mass  be  not  fluid,  a  sufficient  amount 
of  water  is  added.  The  mixture  is 
allowed  to  stand  for  twenty-four 
hours  with  occasional  stirring,  after 
which  it  is  heated  on  the  water- 
bath,  with  frequent  agitation  and 
the  occasional  addition  of  potassium 
chlorate,  until  the  contents  of  the 
flask  are  yellow  and  fluid,  except 
for  fatty  and  white  granular  matter 
in  suspension,  and  until  the  liquid 
does  not  darken  on  heating  for  half 

an  hour  without  addition  of  chlorate.       f,^^  ^      .  „„"    ,     :,    ^       . 

riG.  »  ^Apparatus  tor  use  or 

If,  during  the  heating,  the  addition  chlorate  solution  m  Fresenius' 
of  chlorate  produces  little  or  no  and  von  Babo's  method, 
effect,  the  quantity  of  hydrochloric  acid  is  deficient,  and  more 
is  to  be  added  in  the  proportion  of  10  c.c.  to  each  100  gm.  of 
original  solid.  The  quantity  of  both  acid  and  chlorate  used 
should,  however,  be  kept  at  the  minimum  required  to  accomplish 
the  object.  The  addition  of  chlorate  is  best  effected  by  using  a 
cold  saturated  aqueous  solution  in  the  dropping  funnel,  c,  of  the 
apparatus  shown  in  Fig.  8.  When  the  disorganization  is  com- 
pleted, the  excess  of  chlorin  is  expelled  by  passing  a  rapid  current 
of  carbon  dioxid  through  the  cooled  liquid.  The  solution  is  then 
filtered  through  a  filter  moistened  with  water,  and  the  residue 
washed  with  hot  water.     Should  a  large  quantity  of  fat  remain. 
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it  is  to  be  heated  two  or  three  times  with  water  acidulated  with 
hydrochloric  acid,  and  the  filtered  extracts  added  to  the  main 
solution.  The  filtered  liquid  now  contains  in  solution  any  of  the 
mineral  poisons  which  may  be  present  except  silver  and  a  portion 
of  the  lead,  if  the  latter  have  been  present  in  large  amount; 
these  will  remain  in  the  undissolved  residue.'  (For  the  further 
examination  of  solution  and  residue  see  below,  p.  191.) 

The  objections  to  this  method  are:  1st.  That  a  small  and 
uncertain  proportion  of  arsenic  is  lost  by  volatilization  as  ar- 
senic trichlorid.  2d.  That  the  destruction  of  organic  matter 
is  not  complete,  and  that  a  portion  of  the  mineral  material,  in- 
cluding arsenic  and  other  poisons,  is  retained  by  the  fat  which 
remains.  3d.  The  large  quantity  of  chlorate  and  hydrochloric 
acid  introduced,  and  the  difficulty  of  obtaining  the  latter  free 
from  arsenic.^  On  the  other  hand,  this  method  (or  one  of  its 
modifications)  is  the  only  one  available  if  mercury  is  to  be  taken 
into  account. 

The  first  objection  may  be  overcome  by  operating  in  a  retort 
or  flask  connected  with  a  condenser  and  absorbing  apparatus  to 
retain  any  arsenic  trichlorid  which  may  be  formed,  or  in  the 
apparatus,  Fig.  8,  a  reflux  condenser  being  substituted  for  the 
tube  b.  The  second  objection  is  only  serious  so  far  as  the  reten- 
tion of  poisons  by  the  fat  is  concerned,  and,  if  the  amount  of 
these  be  large,  repeated  washings  do  not  effect  complete  extrac- 
tion; yet  the  percentage  retained  is  very  small  and  only  affects 
quantitative  determinations.  The  washing  is  best  effected  by 
strongly  agitating  the  fat  with  water  near  the  boihng-point, 
and  then  coohng  the  flask  and  contents  in  a  refrigerator,  when 
the  aqueous  Hquid  can  readily  be  poured  ofT  from  below  the 
sohdified  fat  cake  after  perforating  of  the  latter  with  a  stirring  rod. 
The  operation  should  be  repeated  four  times.  The  quantities 
of  acid  and  chlorate  used  may  be  diminished  by  following 
Ogier's  modification  below  described.  Pure  hydrochloric  acid 
is  now  purchasable  or  may  be  manufactured  or  purified  by  the 
analyst  himself. 

'  If   mercury   be   present   in   the  is   also   only   satisfactorily  effected 

metallic  form  it  is  only  very  slowly  if   the   disintegration  is  carried  so 

dissolved    and    may    remain    as    a  far  that  no  granular  yellow  particles 

metallic   deposit  if  the  decomposi-  of  undecomposed  material  remain. 

tion    have    been    rapidly    effected.  See  Ludwig:  Ztschr.  f.  an.  Chem., 

noo''°'T?®"°^*'^'  Berlin,  1891,  xxiv.,  1891,  xxx.,  664.     See  p.  773. 
928.     Extraction  of  mercuric  chlorid  ^  See  p.  182. 


EXAMINAI'ION    FOR    MINERAL    POISONS.  189 

Ogier's'  modification  consists  in  making  a  mixture  of  the 
finely  hashed  viscera  with  one-tenth  to  one-eighth  of  their 
weight  of  potassium  chlorate  and  enough  water  to  form  a  rather 
thick  liquid,  and  passing  hydrochloric  acid  gas  through  the 
mixture  in  a  specially  constructed  apparatus. 

Method  of  Jeserich.^ — This  process  is  also  based  upon  the 
decomposing  action  of  nascent  chlorin.  The  finely  divided  ma- 
terial is  made  into  a  thin  paste  with  water,  to  which  chloric 
acid  is  then  added  in  small  portions;  after  which  the  mixture 
is  slowly  and  cautiously  heated  on  the  water-bath  until  the  mass 
has  assumed  a  spongy  consistence,  when  hydrochloric  acid  is 
gradually  added  in  small  quantities.  The  attack  is  complete  in 
two  to  three  hours,  and  yields  an  almost  clear  yellowish  liquid, 
upon  which  floats  a  layer  of  oil.  The  remaining  treatment  is 
the  same  as  with  the  method  of  Fresenius  and  von  Babo. 

The  following  methods  are  designed  more  especially  for  the 
detection  of  arsenic  and  fixed  metallic  poisons,  and  cannot  be 
used  unless  the  possibility  of  the  presence  of  mercurial  poisons 
is  excluded. 

Method  of  Gautier.^' — This  method  depends  upon  the  dis- 
integrating action  of  sulfuric  and  nitric  acid:  100  gm.  of  the 
hashed  material  are  put  into  a  capsule  of  a  capacity  of  600  c.c; 
30  c.c.  of  nitric  acid  are  added,  and  the  mixture  is  heated  moder- 
ately. The  substance  liquefies  gradually  and  assumes  an  orange 
tint;  when  this  occurs  the  capsule  is  removed  from  the  fire  and 
5  gm.  of  sulfuric  acid  are  added,  when  the  mass  becomes  brown 
and  is  strongly  attacked.  It  is  then  heated  until  fumes  of  sul- 
furic acid  are  given  off,  when  10  to  12  gm.  of  nitric  acid  are 
added,  drop  by  drop.  The  mass  again  becomes  liquid  and  gives 
off  abundant  nitrous  fumes.  When  all  the  acid  has  been  added 
the  mass  is  heated  to  beginning  carbonization.  Finally  the  car- 
bonaceous residue  is  pulverized  and  extracted  with  boiling  water. 

In  tl^is  process  the  oxidation  is  liable  to  proceed  too  violently, 
with  consequent  loss  of  arsenic.  To  avoid  this  Lockemann*  has 
modified  the  procedure  as  follows:  20  gm.  of  the  finely  divided 

'■  "Le  Lab.  de  Tox.,"  Paris,  1891,  of  Orfila  (1839):  "Tr.  de  Tox.,"  5th 

44.  ed.,  i.,  494,  and  of  the  modification 

^  Repert.  d.  an.  Chem.,  1882,  ii.,  thereof  suggested  by  Filhol  in  1848 

369.  ("Etudes  sur  TArsenic,"  Th.,  Paris). 

^  Bull.    Soc.    de    chim.    de  Paris,  *  Ztschr.  f.  angew.   Chem.,   1905, 

1875,  xxiv.,  252.     This  method  is  a  xviii.,  421. 
combination  and  perfection  of  that 
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tissue  are  placed  in  a  capsule  with  5  c.c.  of  a  mixture  of  ten  parts 
of  fuming  nitric  acid  and  one  part  of  concentrated  sulfuric  acid 
and  gradually  heated  on  the  water-bath  until  the  mass,  which  at 
first  froths  strongly,  forms  a  thick  yellowish  fluid.  The  addition 
of  the  acid  mixture  is  then  continued  in  portions  of  1  to  2  c.c.  at 
a  time,  to  the  extent  of  20  c.c,  a  fresh  portion  being  added  only 
after  the  evolution  of  brown  fumes  has  ceased.  The  mass 
finally  becomes  dark  yellow,  and,  on  continued  heating,  brown. 
A  concentrated  aqueous  solution  of  30  gm.  of  a  mixture  of  equal 
parts  of  sodium  and  potassium  nitrates  is  now  added  and  the 
whole  evaporated  to  dryness.  The  lemon-yellow  crystalline 
residue  is  added  in  small  portions  to  5  gm.  of  the  mixture  of 
nitrates  in  moderate  fusion  in  a  platinum  crucible,  awaiting  the 
complete  oxidation  of  each  portion  before  adding  the  next.' 

Method  of  Chittenden  and  Donaldson.^ — This  is  practically 
the  same  as  the  last  described,  except  that  the  temperatures  are 
lower  and  more  carefully  regulated. 

It  is  claimed  for  the  two  methods  last  described  that  the  ex- 
traction of  arsenic  is  more  complete  than  by  that  of  Fresenius 
and  von  Babo;  but  they  are  open  to  the  objections  that,  even 
with  the  most  careful  handling,  the  oxidation  occasionally  pro- 
gresses with  such  rapidity  as  to  cause  deflagration  and  the  loss 
of  a  large  proportion  of  the  material,  and  that  any  mercury 
present  is  lost. 

In  the  Method  of  Grigorijew'  the  action  of  sulfuric  acid 
is  made  to  precede  that  of  nitric  acid.  The  materials  are  dried 
at  70°-80°  and  pulverized.  They  are  mixed  with  ten  volumes  of 
sulfuric  acid  and  gradually  heated.  After  cooHng,  10  c.c.  of 
fuming  nitric  acid  are  added,  and  the  digestion  continued,  with 
further  addition  of  nitric  acid,  until  the  froth  has  subsided. 
The  mass  is  then  transferred  to  a  Kjeldahl  flask,  and  heated  to 
boiling,  with  occasional  addition  of  10  c.c.  of  nitric  acid,  until 
brown  fumes  are  no  longer  given  off,  and  the  mass  has  become 
light  yellow.  The  cooled  Hquid  is  diluted  with  3-5  volumes  of 
water,  heated  to  expel  nitrous  vapors,  and,  after  further  dilution 
with  water,  treated  with  hydrogen  sulfid. 

The  Method  of  Flandin  and  Danger/  by  carbonization  with 

'See  p.  595.  =  Vrtljschr.  f.  ger.  Med.,  1905, 3F., 

"Am.  Ohem.  Jour.,   1880-81,  ii.,        xxix.,  74. 
236.  ■'Flandin:     "Tr.   d.  Poisons,"  i., 

618. 
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sulfuric  acid,  and  a  small  quantity  of  aqua  regia  subsequently 
added,  is  attended  with  loss  of  arsenic  as  chlorid. 

Method  of  Pouchet.' — In  this  process  the  danger  of  deflagra- 
tion is  sought  to  be  avoided  by  the  use  of  monopotassic  sulfate. 
The  material  to  be  decomposed  is  placed  in  a  large  porcelain  dish 
with  twenty  per  cent,  of  its  weight  of  monopotassic  sulfate,  and 
its  own  weight  of  fuming  nitric  acid  is  added.  The  reaction, 
very  violent  at  first,  is  subsequently  aided  by  gentle  elevation  of 
temperature.  The  mass  becomes  carbonized  and  porous.  It  is 
moistened  with  fuming  nitric  acid,  and  heated  until  nitrous 
fumes  are  given  off.  The  carbonized  mass  is  pulverized  and  ex- 
tracted at  a  boiling  temperature  with  water  strongly  acidulated 
with  hydrochloric  acid. 

The  Method  of  Meillere^  is  similar  to  that  of  Pouchet,  but 
a  mixture  of  sulfuric  and  nitric  acids  is  used  in  place  of  nitric 
acid  alone. 

In  the  Method  of  Deniges'  the  oxidation  is  effected  by  a 
mixture  of  nitric  acid  and  potassium  permanganate,  with  the 
subsequent  addition  of  sulfuric  and  nitric  acids. 

The  Method  of  PageP  aims  to  separate  arsenic,  antimony, 
and  mercury  from  fixed  metallic  poisons  by  distillation,  and  is 
based  upon  the  decomposing  action  of  chromyl  chlorid  upon 
organic  substances.  One-hundred  gm.  of  the  substance  and  30- 
40  gm.  of  a  mixture  of  potassium  dichromate  and  sodium  chlorid 
(1 :  2)  are  heated  in  a  tubulated  retort,  fitted  with  a  dropping 
funnel,  and  connected  with  a  well-cooled  condenser,  while  sul- 
furic acid  is  added  guttatim  from  the  funnel,  until  the  evolution 
of  yellow  vapors  has  ceased.  Any  arsenic  present  will  be  found 
in  the  distillate,  as  well  as  the  greater  part  of  antimony  or 
mercury. 

The  second  stage  in  the  analysis  for  mineral  poisons  consists 
in  their  separation  from  the  solution  or  residue  obtained  by 
some  one  of  the  foregoing  methods.  This  may  be  accomplished 
by  a  variety  of  methods,  by  electrolytic  deposition  or  by  chemical 
methods  when  only  one  poisonous  metal  or  a  small  group  thereof 

'  Comp.  rend.  Ac.  Sc,  Paris,  1881.  ^  Ibid.,  1901,  [6],  xiv.,  241. 

Legrand    du    Saulle    Berryer,    and  *  Pharm.  Post,  1900,  xxxiii.,  489; 

Pouchet:  "M6d.  L6g.,"  1424.  Schlagdenhauffen  and  Paget:   Ann. 

^  J.  de  pharm.  et  de  Chim.,  1902,  d'hyg.,  1898,  3  s.,  xl.,  5. 
[6],  XV.,  97. 


192 


TOXICOLOGY — WITTHAUS. 


is  to  be  considered;  but  when  all  poisonous  mineral  compounds 
are  to  be  sought  for  those  which  exist  in  the  solution  are  best  sep- 
arated by  hydrogen  sulfid. 

If  the  disintegration  has  been  effected  by  the  method  of 
Fresenius  and  von  Babo,  the  portion  remaining  undissolved  may 
contain  silver,  lead,  or  thallium  as  chlorids,  mercury  as  sulfid 
or  metal,  and  barium  as  sulfate.  If  the  liquid,  clear  when  filtered, 
becomes  turbid  on  cooling,  the  deposit  so  formed  may  contain 
lead,  silver,  or  thallium  as  chlorids,  or  compounds  of  antimony 
or  bismuth.  The  above  insoluble  portion  (I)  and  any  deposit 
formed  on  cooling  (II)  separated  by  filtration,  are  set  aside  for 
subsequent  examination. 

The  clear  filtered  liquid,  freed  from  chlorin  by  carbon 
dioxid  (p.  187),  is  then  treated  as  follows:  Any  great  excess  of 
acid  is  neutralized  with  sodium  carbonate  in  concentrated  solu- 
tion to  such  extent  that  the  reaction  still  remains  distinctly  acid,' 
and  the  liquid  is  then  treated  with  hydrogen  sulfid  at  water-bath 
temperature.^ 

from  the  generator,  dipping  into 
the  hquid,  and  through  the  second 
a  vertical  tube,  open  at  both  ends 
and  about  one  meter  long,  whose 
lower  end  at  the  beginning  is  above 
the  surface  of  the  liquid,  but  is 
depressed  to  dip  into  the  liquid  after 
the  air  has  been  displaced.  The 
gas  is  produced  by  the  action  of 
dilute  arsenic-free  sulfuric  acid  (1:9) 
on  fused  ferric  sulfid  in  a  Dudley's, 
Kipp's,  or  de  Koninck's  generator, 
and  purified  from  possible  traces  of 
arsenic  from  the  ferric  sulfid  by 
Jacobsen's  method  (Berichte,  Berlin, 
1SS7,  XX.,  1999):  by  passing  the  gas 
first  over  calcium  chlorid,  then 
through  a  tube  about  40  cm.  long 
loosely  filled  with  solid  iodin,  and 
finally  through  a  wash-bottle  con- 
taining a  solution  of  potassium 
sulfid.  A  valve-bottle,  permitting 
entrance  of  air  but  not  escape  of  gas, 
should  be  interposed  between  the 
generator  and  the  calcium  chlorid 
tube.  After  the  treatment  with 
hydrogen  sulfid  has  continued  three 
hours,  the  water-bath  is  allowed  to 
cool  and  the  whole  apparatus,  with 
the  cock  of  the  generator  open, 
left  standing  overnight,  or  longer 
if  the  liquid  have  not  cleared  in  that 


'  It  is  recommended  to  treat  the 
solution  with  sulfur  dioxid  at  this 
stage  for  the  purpose  of  reducing 
arsenic  to  arsenous  compounds  and 
thus  preventing  the  deposition  of 
sulfur  subsequently.  Usually,  when 
small  quantities  of  arsenic  only  are 
present,  this  is  unnecessary,  but  in 
analyses  of  viscera  from  bodies 
embalmed  with  arsenic  it  is  imper- 
ative, not  only  to  avoid  the  deposi- 
tion of  large  quantities  of  sulfur 
from  decomposition  of  hydrogen 
sulfid  by  arsenic  compounds,  but 
also  to  avoid  loss  of  mercury  at  a 
later  stage  if  compounds  of  that 
metal  be  present.  When  treatment 
with  sulfur  dioxid  is  required  the 
liquid  should  be  treated  with  the 
gas,  most  conveniently  obtained 
from  a  siphon  of  the  liquid,  until 
the  odor  persists  strongly  after  the 
liquid  has  stood  in  a  closed  vessel 
for  several  hours;  atid  the  excess  of 
sulfur  dioxid  must  be  completely 
expelled  by  boiling  before  the 
treatment  with  hydrogen  sulfid. 

"  The  liquid  is  placed  in  a  flask 
fitted  with  a  doubly  perforated 
stopper,  and  placed  upon  a  water- 
bath.  Through  one  hole  of  the 
stopper    passes    the    delivery    tube 
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The  treatment  with  hydrogen  sulfid  ahnost  invariably  causes 
a  precipitation.  Sometimes  this  is  abundant  and  of  characteris- 
tic color,  when  the  presence  of  a  given  poisonous  metal  may  be 
suspected;  but  even  in  the  absence  of  any  poison  a  precipitate 
of  sulfur  and  organic  thio-compounds  is  usually  formed,  therefore 
no  positive  conclusion  can  be  drawn  from  the  formation  of  a 
precipitate  at  this  stage. 

In  place  of  precipitating  the  metallic  sulfids  by  gaseous 
hydrogen  sulfid  in  the  manner  above  described,  and,  as  is  usually 
done,  we  have  in  recent  years  adopted  the  thioacetic  acid 
method  of  Schiff  and  Tarugi^  with  much  satisfaction.  This 
niethod  is  much  more  expeditious  than  the  older  one,  gives  at 
least  equally  reliable  results,  and  with  slight  modifications  is 
especially  advantageous  in  certain  cases. ^  It  offers  no  ad- 
vantage, however,  to  the  comfort  of  the  analyst,  as  the  odor  of 
the  reagent  is  more  disagreeable  and  persistent  than  that  of 
hydrogen  sulfid.  The  reagent  is  made  by  dissolving  10  c.c.  of 
thioacetic  acid  (CH3.CSOH)  in  a  slight  excess  of  moderately 
diluted  ammonium  hydroxid  (with  avoidance  of  heating)  and 
making  the  solution  up  to  30  c.c.  It  deteriorates  in  a  week  Or 
ten  days.  To  the  cold  acid  solution  of  the  metallic  chlorids,  1.5 
to  2  c.c.  of  the  reagent  are  added  and  the  mixture  heated  to  near 
boiling,  but  not  boiled.  Arsenic,  whether  present  as  arsenate 
(as  it  will  be  if  the  Fresenius  and  von  Babo  method  has  been 
followed)  or  arsenite,  bismuth,  copper,  tin,  lead,  silver,  cadmium, 
mercury,  gold,  and  platinum  are  precipitated  in  the  same  form  as 
by  hydrogen  sulfid,  and  the  remainder  of  the  treatment  is  the 
same  as  when  the  gas  is  used,  a  portion  of  the  filtrate  being 
tested  with  the  reagent  to  be  sure  that  precipitation  is  complete. 

After  complete  precipitation,  the  precipitate  (III),  which 
may  contain  members  of  two  groups  of  poisons:  arsenic,  anti- 
mony, tin,  and  traces  of  copper,  whose  sulfids  are  soluble  in  am- 
monium monosulfid  (IV),  and  mercury,  silver,  lead,  copper, 
bismuth,  and  cadmium  (V),  whose  sulfids  are  insoluble,  is  sepa- 
rated from  the  liquid  which  may  contain  zinc,  nickel,  cobalt, 
thallium,  iron,  manganese,  chromium  and  aluminium  (VI)  by 
filtration  through  as  small  a  weighed  filter  as  the  bulk  of  the 

time.     The   initial    treatment    with       of  mercury  by  solution  of  its  sulfid 
hydrogen    sulfid    must    be    at    the      in  ammonium  sulfid  later, 
temperature  indicated  to  avoid  loss  'Bar.,  Berl.,  1894,  xxvii  ,  3437. 

=  See  "Mercury,"  p.  774. 
IV.— 13 
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precipitate  will  permit.  The  filtrate  (VI)  is  set  aside  for  future 
examination,  and  the  precipitate  on  the  filter  is  washed  three  or 
four  times  with  water  containing  hydrogen  sulfid. 

To  separate  IV  from  V  the  filter  and  precipitate  are  placed  in 
a  small  flask,  covered  with  hot  yellow  ammonium  sulfid,'  heated 
on  the  water-bath  for  ten  minutes,  and  brought  upon  a  small 
filter,  which  is  then  washed,  first  with  hot  yellow  ammonium 
sulfid  once,  then  with  water  containing  a  small  quantity  of  the 
sulfid,  and  finally  with  water  containing  ammonium  hydroxid.' 
The  members  of  group  I V  will  be  found  in  the  filtrate,  those  of 
group  V  in  the  undissolved  precipitate. 

The  filtrate  and  washings  I V  are  acidulated  with  hydrochloric 
acid,  and  the  reprecipitated  sulfids  are,  after  subsidence,  collected 
on  a  filter  and  washed  with  water  containing  hydrogen  sulfid  un- 
til a  sample  of  the  washings  no  longer  gives  any  cloudiness  when 
boiled  and  treated  with  nitric  acid  and  silver  nitrate.  The  point 
of  the  filter  is  then  perforated  and  the  precipitate  washed  into  a 
porcelain  capsule,  the  last  adherent  portions  being  dissolved 
with  a  small  quantity  of  dilute  ammonium  sulfid  solution.  The 
Contents  of  the  capsule  are  dried,  moistened  with  fuming  nitric 
acid,  and  evaporated  to  dryness,  and  then  moistened  with  water 
and  evaporated  to  dryness  two  or  three  times.  The  residue  is 
then  subjected  to  the  Meyer  fusion.  It  is  treated  with  a  small 
quantity  of  water;  sufficient  sodium  hydroxid  (free  from  car- 
bonate) to  render  the  reaction  alkaline  is  added,  and  then  a 
mixture  of  dry  sodium  carbonate  and  nitrate  (1:2),  and  the  whole 
evaporated  to  dryness  after  thorough  mixing.^  When  dry,  the 
residue  is  gradually  and  cautiously  heated  to  fusion  and  the 
heating  continued  until  the  mass  is  colorless  or  faintly  greenish, 
or  until  the  only  colored  portion  consists  of  a  heavy  black 
granular  powder  (cupric  oxid).     If,  after  continued  heating,  the 

'Ammonium  monosulfid,  (NH.|)„S,  °  Any  departure  from  the  pro- 
is  made  by  saturating  ammonium  cedure  described  in  the  text  mil 
hydroxid  solution  (sp.  gr.  0.!I6)  with  entail  loss  of  mercury,  if  it  ^ 
hydrogen  sulfid  until  it  no  longer  present,  by  solution  of  its  sulfid  at 
precipitates  with  magnesium  sulfate,  this  stage,  and  its  volatilization  in 
and  adding  an  equal  volume  of  the  subsequent  treatment  of  the 
ammoniutn  hydroxid  solution  of  the  filtrate. 

same   strength.     For    the    use  here  ^  ^he    sodium   hydroxid  wd 

referred     to      powdered     sulfur    is  should    be   prepared   from  metallic 

added    to    this    solution,    ■>\  hich    is  sodium  (that  from  other  sources  is 

allowed  to  stand  several  days  before  frequently  arsenical),  and  the  nitrate 

"se.  and  carbonate  used  should  be  free 

from  traces  of  chlorid. 
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fused  mass  remains  gray,  the  quantity  of  sodium  nitrate  is  in- 
sufRcient  and  more  must  be  added.  During  this  treatment 
arsenic  is  converted  into  the  soluble  sodium  arsenate,  antimony 
into  the  almost  insoluble  sodium  pyroantimonate,  and  tin  and 
copper  into  insoluble  oxids.  The  fused  mass  is  then  extracted 
with  warm  water,  carbon  dioxid  is  bubbled  through  the  solution, 
an  equal  volume  of  alcohol  is  added,  and  the  liquid  is  filtered  if 
not  perfectly  clear.  The  insoluble  portion  (I  Va),  collected  on  the 
filter,  is  examined  for  antimony,  tin,  and  copper  in  the  manner 
described  iinder  "Antimony."  The  solution  (IVb)  is  evapo- 
rated to  dryness,  and  the  cold  residue  is  treated  with  sufficient  con- 
centrated sulfuric  acid  and  gradually  heated  until  dense  white 
fumes  are  given  off.  The  cooled  residue,  diluted  with  water 
and  again  cooled,  is  now  ready  for  the  application  of  the  Marsh 
test  as  described  under  "Arsenic."' 

Returning  now  to  the  portion  of  the  precipitate  insoluble  in 
ammonium  monosulfid  (V)  upon  the  weighed  filter:  this,  with 
the  filter,  is  dried  and  weighed.  The  metallic  poisons  which  may 
be  present  are  cadmium,  bismuth,  mercury,  lead,  and  a  portion 
of  the  copper.  They  are  treated  with  hot  dilute  nitric  acid; 
mercury,  if  present,  remains  undissolved  as  the  black  mercuric 
sulfid,  which  is  further  examined  as  directed  under  "Mercury." 
The  others,  if  present,  pass  into  solution.  The  solution  is 
filtered  from  precipitated  sulfur,  evaporated  nearly  to  dryness, 
and  diluted  with  water.  A  small  portion  of  the  solution  is 
treated  with  dilute  sulfuric  acid;  a  white  precipitate  is  produced 
if  lead  be  present.  If  lead  be  present,  dilute  sulfuric  acid  is 
added  to  the  whole  of  the  solution,  which  is  evaporated  until 
nitric  fumes  are  given  off,  diluted  with  water,  and  filtered  im- 
mediately from  the  lead  sulfate.  The  liquid,  freed  from  lead, 
is  rendered  alkaline  with  ammonium  hydroxid;  if  bismuth  be 
present,  it  is  precipitated,  and  is  then  separated  by  filtration. 
In  the  presence  of  copper  the  filtrate  is  usually  blue,  but  very 
small  quantities  of  copper  should  be  tested  for  by  acidulation 
with  acetic  acid  and  addition  of  potassium  ferrocyanid.  Cad- 
mium is  detected  by  the  formation  of  a  yellow  precipitate  in  the 
solution,  freed  from  coijper  and  acidulated  with  hydrochloric 
acid,  by  hydrogen  sulfid. 

'  Experiments  made  with  sodium       have  thus  far  proved  unsatisfactory 
peroxid  to  efifect  these  separations       in  our  hands. 
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The  metals  not  precipitated  by  hydrogen  sulfid  from  acid 
solution  (VI)  are  rarely  of  forensic  interest,  but  occasionally 
zinc,  aluminium,  iron,  chromium,  or  barium  are  to  be  sought 
for.  The  filtrate  and  washings  from  the  precipitate  by  hydro- 
gen sulfid  are  concentrated  by  evaporation,  treated  with  am- 
monium hydroxid  and  ammonium  sulfid,  and  set  aside  in  a 
well-corked  flask.  A  more  or  less  colored  precipitate  is  pro- 
duced, which  may  contain  besides  iron,  aluminium,  zinc,  or 
chromium  (Via).  This  is  collected  on  a  filter,  washed  with 
water,  and  examined  as  below.  The  filtrate  (VIb)  will  contain 
any  barium  which  may  have  been  present. 

The  precipitate  (Via)  is  dissolved  in  a  small  quantity  of 
hydrochloric  acid,  diluted  with  water,  the  acid  reaction  nearly 
but  not  quite  neutralized  with  sodium  carbonate,  and  the  liquid 
left  in  contact  with  finely  divided  barium  carbonate  for  twenty- 
four  hours.  The  liquid  (Vlaa),  which  will  contain  any  zinc 
present,  is  filtered  off  and  examined  for  that  metal  as  described 
in  the  next  division.  The  solid  residue,  which  contains  the 
oxids  of  the  other  metals  named,  is  treated  with  caustic  soda 
solution,  boiled  in  a  silver  basin,  and  filtered.  The  filtrate 
(Vlab)  is  examined  for  aluminium,  and  the  residue' (Viae), 
for  iron  or  chromium  if  necessary. 

The  material  left  undissolved  after  the  attack  by  hydro- 
chloric acid  and  potassium  chlorate  (I)  may  still  contain  silver, 
thallium,  and  lead.'  The  presence  of  the  last  will  have  been 
detected,  as  above  indicated,  by  the  portion  which  has  dissolved. 
Thallium  is  best  detected  by  spectroscopic  examination  of  the 
ash;  and  the  method  for  the  detection  of  silver  will  be  discussed 
in  the  next  division. 

PHYSIOLOGICAL  EXAMINATION— LIFE  TEST. 

Observations  of  the  effects  of  poisons  upon  lower  organisms 
and  upon  man  may  be  made  for  three  distinct  purposes:  1st. 
In  the  study  of  pharmacodynamics,  with  the  object  of  determin- 
ing the  method  of  action  of  the  drug  or  poison,  and  the  nature 
of  its  effects  upon  the  tissues,  fluids,  and  organs  of  the  body. 
2d.  In  the  investigations  of  forensic  toxicology,  for  the  pur- 
pose of  identifying  a  poison  by  observation  of  effects  which  it  is 
'  See  also  under  Mercury,  Analysis. 
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known  to  produce  upon  living  organs,  tissues,  or  fluids.  3d. 
In  experimental  toxicology,  for  the  purpose  of  investigating  such 
questions  as  the  rate  of  absorption  and  elimination,  post-mortem 
imbibition,  etc. 

Experimental  observations  of  the  effects  of  drugs  and  poi- 
sons upon  all  forms  of  life,  from  bacteria  to  the  human  subject, 
are  very  numerous  and,  combined  with  the  observations  of  the 
clinician,  constitute  in  great  part  the  foundation  of  modern  ra- 
tional therapeutics,  notwithstanding  the  well-known  fact  that 
a  given  drug  or  poison  may,  and  frequently  does,  act  differently 
or  with  varying  degrees  of  intensity  upon  different  forms  of 
life.  Consequently  the  conclusion  can  never  be  directly  drawn 
that  effects  observed  in  a  lower  form  of  life  will  be  produced  by 
the  same  agent  in  man,  whether  taken  in  proportional  dose  or 
in  any  other  quantity.  Very  valuable  indications  of  the  prob- 
able action  on  man  have  been,  however,  obtained  by  this  means, 
which  should  never  be  omitted  as  a  preliminary  to  the  use  of  a 
newly  discovered  remedial  agent  upon  the  human  subject. 

Although  the  investigations  of  pharmacodynamics  are  nec- 
essarily the  antecedents  which  furnish  those  data  upon  which 
life  tests  applied  for  forensic  purposes  depend,  they  do  not  come 
strictly  within  the  limits  of  a  work  of  this  character.' 

The  application  of  life  tests  to  the  purposes  of  forensic  toxi- 
cology is  in  its  simplest  form  of  great  antiquity.  Articles  of 
food  supposed  to  contain  poison  were  administered  to  dogs  and 
other  animals  to  verify  or  disprove  the  suspicion,"  rulers  fearing 
poison  caused  their  food  and  drink  to  be  tasted  by  another  be- 
fore partaking  of  them  themselves,^  and  instances  are  recorded 
in  which  suspected  poisoners  were  tried  and  executed  at  the 
same  time  by  being  compelled  to  take  their  own  preparations.* 

The  use  of  physiological  reactions  in  forensic  toxicology  for 
the  purpose  of  identifying  a  poison,  although  of  the  first  impor- 
tance in  a  few  cases  in  which  such  tests  afford  distinct  indica- 

'  For  an  extended  account  of  the  *  Livius:   "Hist.,"   viii.,    18.     An 

methods     of     experimentation     see  instance  is  reported  to  have  occurred 

Robert:  "Intoxikationen,"  2teAufl.  in    Missouri    in    1888,    in    which    a 

i.,    149-284.     Also   Hermann:  "Ex-  negress  was  forced  to  drink  coffee  by 

perimental   Pharmacology,"   Phila.,  which   she   had   poisoned   a   family 

1883.  with  strychnin,  and  died  in  half  an 

°-  See  Introduction,  p.  6.  hour^  (New  York  Times,  June  4th, 

'Xenophon:   "Cyropajdia,"  i.,   3,  "' 
T.  iii.,  p.  12,  ed.  Paris,  1842. 
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tions,  is  limited.  The  mineral  poisons  are  separable  and  csr 
pable  of  positive  identification  by  chemical  reactions,  even  when 
present  in  much  less  quantity  than  that  required  to  produce  any 
visible  effects  upon  a  hving  organism.  It  is  only  to  the  identi- 
fication of  certain  vegetable  poisons,  such  as  strychnin,  atro- 
pin,  digitalis,  aconite,  and  curare,  which  produce  characteristic 
symptoms  in  animals  peculiarly  sensitive  to  their  action,  that 
life  tests  are  at  present  applicable.  If  the  materials  under  ex- 
amination have  undergone  putrefaction,  physiological  tests  are 
only  of  value  when  corroborated  by  chemical  reactions,  as 
ptomains  capable  of  causing  mydriasis,  tetanic  spasms,  etc., 
have  been  found  to  exist.  On  the  other  hand,  physiological  re- 
actions may  aid  in  some  cases  in  differentiating  a  putrid  alkar 
loid  from  one  of  vegetable  origin  similar  in  some  other  respects. 
With  some  vegetable  poisons,  such  as  aconite,  physiological 
tests  are  more  delicate  and  reliable  than  any  chemical  reactions 
at  present  known. 

In  applying  physiological  tests  it  is  essential  that  the  sub- 
stance examined  shall  be  previously  separated  in  as  pure  a  form 
as  possible,  and  shall  be  in  solution  in  an  inert  vehicle  as  nearly 
neutral  as  may  be.  Consequently  life  tests  can  only  be  used  in 
searching  for  poisons  in  dead  bodies,  etc.,  after  extraction  by 
the  chemical  methods  above  described. 

Collateral  evidence  is  also  sometimes  accidentally  furnished 
by  animals,  which  is  particularly  valuable  in  cases  of  unsuccess- 
ful attempts  to  poison.  Thus  in  the  case  of  Reg.  v.  Newton, 
reported  by  Taylor,'  the  intended  victim  vomited  in  the  back 
yard,  where  some  fowls  were  subsequently  observed  to  be  ill 
and  two  died.  Arsenic  found  in  the  crops  of  the  chickens  fur- 
nished the  only  evidence  of  administration,  as  the  person  poi- 
soned recovered,  and  the  poisoner  had  thrown  away  the  re- 
mainder of  the  food  supposed  to  have  been  poisoned,  and  had 
cleaned  out  the  vessel.  In  a  somewhat  similar  case,  reported 
by  Maschka,'  a  woman  recovered  slowly  from  poisoning  by  ar- 
senic, of  which  five  grains  were  found  in  her  vomit  and  one  and 
a  half  grains  in  the  body  of  a  hen  that  was  poisoned  by  eating 
of  it.     Numerous  similar  cases  are  reported. 

'  "Poisons,"  3d  Am.  ed.,  167.  "  Gutacht.  Prag.  med.  Fak.,  1867, 

iii.,  269-271. 
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POST-MORTEM  IMBIBITION  OF  POISONS. 

Poisons  in  a  cadaver,  whether  introduced  before  or  after 
death,  migrate  by  diffusion  or  imbibition  from  those  situations 
where  they  existed,  either  exclusively  or  in  greatest  abundance, 
at  or  soon  after  death,  tending  toward  a  uniform  impregnation 
of  all  parts.  Such  uniformity  is,  however,  probably  never 
reached,  from  lacli  of  time  previous  to  desiccation  and  the 
opposing  action  of  gravity.  The  rapidity  with  which  diffusion 
proceeds  and  the  approximation  to  uniformity  are  influenced  by 
various  causes.  If  the  poison  have  been  taken  during  life  and 
death  have  not  followed  either  with  extreme  rapidity  or  after 
long  survival,  the  poison  exists  in  the  cadaver  in  three  conditions: 
that  in  the  alimentary  canal,  either  unacted  upon  or  only  affected 
by  the  digestive  secretions;  the  "circulating"  poison,  that  in 
solution  in  the  blood  plasma  or  in  lipoid  solution  in  the  blood, 
which  was  in  process  of  absorption  or  elimination,  and  that 
which  has  entered  into  chemical  combination  with  the  nucleins 
and  other  tissue  constituents.  According  to  their  capacity  to 
form  such  combinations  in  the  tissues  poisons  may  be  classified 
into  difficultly  and  easily  movable  poisons.  The  vegetable 
poisons  usually  belong  to  the  latter  class,  the  mineral  poisons  to 
the  former.  And  for  the  same  mineral  poison  the  degree  of 
"fixation"  during  life  is  greater  when  it  has  been  taken  in 
divided  doses  than  with  a  single  large  dose,  as  is  evidenced  by  the 
longer  continued  elimination  under  the  former  conditions. 
Time  is  necessary  for  the  liberation  of  this  combined  poison  and 
its  solution  by  the  processes  of  decay,  and  aqueous  solution  is 
necessary  that  diffusion  may  take  place.  Experiments  with 
phosphorus  show  that  it  does  not  migrate.  The  character  of  the 
putrefactive  processes  varies  also  under  different  conditions. 
Sometimes  mummification  begins  early  and  proceeds  rapidly 
to  desiccation,  when  diffusion  is  arrested;  or  the  cadaver  may  be 
in  whole  or  in  part  converted  into  adipocere,  in  which  no  move- 
ment is  possible.  Under  other  conditions  of  the  cadaver  at 
death,  or  of  the  circumstances  of  burial,  exposure,  temperature, 
etc.,  afterward,  a  colliquative  or  moist  putrefaction  takes  place, 
which  is  most  favorable  to  diffusion.  The  action  of  gravity  is 
also  operative,  as  well  as  that  of  diffusion,  and  the  tendency  of 
movement  is  downward,  therefore,  after  long  burial,  the  lowest 
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lying  parts  of  the  cadaver  and  the  materials  below  it  offer  the 
best  objects  of  analysis.  During  moist  putrefaction  the  cadaver 
exudes  a  putrescent  liquid  which  collects  at  the  bottom  of  the 
coffin,  and  into  which  a  notable  proportion  of  the  poison  passes. 
This  process  becomes  one  of  actual  leaching  out  in  cemeteries  in 
which  the  surface-water  may  penetrate  the  graves.  The 
quantity  of  liquid  so  accumulated  may  be  sufficient  to  completely 
immerse  the  body.  After  long  burial  very  little  poison  may 
remain  in  the  cadaver,  while  it  may  be  found  in  determinable 
quantity  in  the  materials  upon  which  it  rests  and  even  in  the 
earth  below,  while  that  above  is  poison-free.  Not  only  may 
poisons  pass  out  of  the  body  in  this  manner,  but  they  may  also 
pass  into  it,  and  in  several  cases  poisonous  pigments  have  been 
thus  acquired  from  artificial  flowers,  etc.^  The  distribution  of 
the  poison  in  the  body,  whether  ante-  or  post-mortem  in  origin, 
therefore  suffers  disturbance  after  death,  by  processes  which  are 
entirely  different  from  those  which  bring  about  variation  in  dis- 
tribution during  life  and  whose  method  varies  with  the  condi- 
tions. The  phenomena  of  post-mortem  migration  bear  directly 
upon  the  possibility  of  answering  two  important  forensic  ques- 
tions: 1.  Can  the  toxicological  expert  distinguish  between  ante- 
and  post-mortem  poison  from  the  distribution  of  the  poison  found 
in  the  cadaver  alone?  and,  2.  How  long  after  death  does  a 
poison  remain  detectable  in  a  cadaver?  The  discussion  of  the 
first  question  has  been  chiefly  with  regard  to  arsenic,  and  it  will 
be  considered  in  the  division  of  special  toxicology  under  that 
head.^  The  second  question  will  require  a  different  answer  with 
regard  to  the  several  poisons,  according  as  they  are  more  or  less 
acted  upon  by  putrefactive  processes.  As  a  rule,  mineral  poisons 
are  less  affected  than  those  of  organic  origin,  but  even  with 
arsenic  there  is  loss  of  a  small  proportion  by  the  formation  of 
volatile  products.'  Physical  removal  by  "leaching"  rarely,  if 
ever,  proceeds  to  completion.  Under  usual  conditions  of  dry 
burial  coUiquative  putrefaction,  if  it  occur,  finally  gives  place  to 
desiccation,  and  when  this  condition  is  established  and  main- 
tained there  is  no  reason  why  arsenic  or  mercury  may  not  be 
detected  in  the  bones  and  muscles  of  an  Egyptian  mummy  if 
the  individual  had  been  poisoned  thereby.* 

'  See  p.  569.  ^y.  Engelin:  Ann.  Soc.  m^d.-Wg. 

=  See  pp.  221,  52!l  ct  scq.,   557  et       de  Belg.,  1908,  xix.,  206. 
seq.  "See   also:   Haberda   and   Wach- 
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FORENSIC  QUESTIONS. 

1 .  Was  the  death  or  disorder  caused  by  poison?  This,  one  of 
the  three  fundamental  questions  to  be  passed  upon  by  the  jury  in 
cases  of  alleged  homicide  or  injury  by  poison,  is  the  main  one  to  be 
answered  by  expert  evidence,  and  to  it  all  others  are  subsidiary. 

Leaving  out  of  consideration  the  moral  evidence,  which  does 
not  concern  the  expert,  the  proof  of  poisoning  is  complete  when 
the  symptoms  known  to  be  caused  by  the  poison  have  been  ob- 
served during  life;  when  the  post-mortem  examination  shows 
the  presence  of  such  lesions  as  it  is  capable  of  producing,  and 
the  absence  of  other  causes  of  death;  and  when  the  toxic  agent 
is'  demonstrated  to  be  present  in  the  cadaver  or  in  the  vomit  or 
dejecta  of  the  person  poisoned. 

And  even  when  other  causes  of  death  exist  they  do  not  of 
necessity  negative  the  theory  of  poisoning.  If  poison  be  shown 
to  be  present  in  the  cadaver  or  to  have  been  administered  and 
marks  of  violence  or  evidence  of  disease  sufficient  to  cause  death 
be  found  at  the  autopsy,  it  clearty  remains  to  be  determined 
which  of  the  two  or  more  causes  of  death  known  to  have  ex- 
isted was  the  one  finally  operative;  and  it  is  equally  incontest- 
able that  the  existence  of  any  possible  cause  of  death  cannot  be 
invoked  as  conclusive  proof  that  no  other  could  have  existed.^ 
In  such  cases  it  is  frequently  most  difficult  to  determine  which 
was  the  preponderating  or  final  cause  of  death.  Did  Mary 
Stannard  die  of  the  arsenic  found  in  her  stomach  and  tissues 
or  in  consequence  of  having  her  he.ad  crushed  with  a  stone?  Was 
Jennie  Cramer's  death  due  to  the  arsenic  found  in  her  cadaver 
or  was  she  drowned  in  the  water  from  which  it  was  taken? 
Was  the  finally  operative  cause  of  Fisk's  death  a  gunshot  wound 
or  an  overdose  of  morphin?  These  were  vital  questions  to  be 
determined  in  each  case  to  the  best  of  their  ability  by  the  jury 
in  the  light  of  the  expert  evidence  offered. 

Indeed,  an  anatomical  lesion  which  is  in  itself  sufficient  ex- 
planation of  the  method  of  death  may  have  been  produced  by 

holz:  Ztschr.  f.  Med.-Beamte,  1893,  »  This  apparently  self-evident 

vi.,  393;  Montalti:  cited  by  Modioa;  proposition   is    stated    because   we 

Modica:  Rif.  med.,  1898-9,  xiv.,  pt.  iiave  known  experts  to   invoke   the 

ii.,  843,  855;  De  Domenicis:  Giorn.  existence   of   mechanical   causes   of 

di   med.-leg.,   Pavia,   1903,  x.,    180;  death  as  proof  that  the  results  of  the 

Kratter:    Vrtljschr.    f.    ger.    Med.,  chemical   analysis  must  have   been 

1907,  3  F.,  xxxiii.,  Suph.,  119.  fallacious. 
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poison  as  a  cause  at  least  concomitant,  as  in  the  case  of  a  man 
who  fell  dead  while  retching  violently — a  large  clot  was  found 
on  the  brain  and  oxalic  acid  in  the  stomach.  The  apoplexy  of 
which  the  man  died  was  provoked  by  the  effects  of  the  oxalic 
acid  taken.' 

A  discussion  of  the  relative  force  of  the  three  factors  of  the 
proof  would  be  idle,  as  no  one  of  them,  when  taken  alone  and 
unsupported  by  other  evidence,  can  demonstrate  conclusively 
that  poison  was  the  cause  of  death.  It  is  quite  conceivable, 
however,  that  collateral  evidence  of  fact  may  exist  sufficient  to 
enable  the  jury  to  find  that  the  deceased  died  from  the  action  of 
poison  when  but  one  of  the  factors  of  expert  proof  can  be  ad- 
duced. Thus  in  a  case  tried  in  Vermont  in  1883  two  defendants 
were  convicted*  of  murder  in  the  first  degree  upon  moral  evi- 
dence, supported  only  by  the  detection  of  strychnin  in  the 
cadaver,^  without  any  history  of  symptoms  or  the  existence  df 
characteristic  lesions.  In  such  cases,  however,  the  expert 
should  not  be  asked  to  express  an  opinion  as  to  the  cause  of 
death,  as  the  evidence  is  insufficient  for  the  formation  of  a 
purely  expert  opinion,  and  such  medical  or  chemical  evidence  as 
may  be  procurable  should  be  simplj'  submitted  to  the  jury  to 
be  by  them  weighed  along  with  the  moral  evidence. 

On  the  other  hand,  instances  are  numerous  in  which  a  posi- 
tive expert  opinion  can  be  formed  in  the  absence  of  one  of  the 
three  factors.  The  symptomatology  and  lesions  produced  by 
the  mineral  acids  and  alkalies  are  sufficiently  characteristic  to 
indicate  the  cause  of  death  without  any  chemical  analysis  be- 
yond the  mere  determination  of  the  reaction.     The  recognition 

'  Lancet,  1863,  i.,  47.  The  defendants  were  jointly  indicted 
-  State  V.  Emeline  and  Almon  and  the  son  pleaded  guilty  to  murder 
Meeker.  This  case,  exceptional  in  in  the  first  degree  to  prevent  the  in- 
many  respects,  has  not  been  report-  troduction  of  his  confession  upon 
ed.  The  mother  and  son  were  con-  the  trial.  The  mother  was  executed, 
victed  of  poisoning  a  twelve-year-  the  son's  sentence  commuted  to  life 
old  girl,  the  half-sister  of  the  imprisonment.  No  motive  for  the 
former's  husband,  by  strychnin,  crime  was  suggested  by  the  prosecu- 
administered  to  the  '  child  while  tion  during  the  trial.  In  A'ew  York 
driving  in  a  buggy  during  the  night.  the  motions  of  the  defendants  for 
The  purchase  of  strychnin  and  the  separate  trials  would  have  been 
hiring  of  the  buggy  by  the  son  were  granted  as  a  matter  of  right,  (§  391, 
proved.  The  child's  body  was  Code  Crim..  Proc.) ;  and  Almon 
buried  in  a  swamp.  After  some  Meeker  could  not  have  been  con- 
days  the  sheriff  extorted  a  confession  victed  upon  his  confession  alone 
from  the  son,  with  whom  he  went  to  (§  395). 
the  swamp  and  recovered  the  body. 
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of  death  by  hydrocyanic  acid  may  be  reached,  partly  by  exclu- 
sion, from  the  absence  of  all  other  causes  of  sudden  death,  and 
the  presence  of  the  poison  in  the  cadaver,  even  when  the  body 
has  been  found  dead  and  no  symptoms  were  observed  during 
life.  Many  poisons,  such  as  strychnin,  leave  no  physical  evi- 
dence of  their  action,  and  in  cases  of  poisoning  by  them  the 
evidence  from  the  autopsy  is  of  negative  value  only,  in  exclud- 
ing other  possible  causes  of  death.  And  in  this  connection  also 
it  must  not  be  forgotten  that  persons  in  middle  age  are  very 
rarely  perfectly  normal,  and  that  a  person  suffering  from  even 
serious  disease  may  die  of  poison. 

When  the  absence  of  any  portion  of  the  facts  upon  which  an 
expert  opinion  of  the  cause  of  death  might  be  based  is  due  to 
accidental  failure,  as  when  a  person  is  found  dead  or  when  the 
body  has  been  cremated,  the  failure  to  present  such  evidence  on 
the  part  of  the  state  should  not  count  for  or  against  the  theory 
of  poisoning.  When  it  is  due  to  interference  with  the  cadaver, 
as  when  the  body  has  been  eviscerated  and  the  organs  made 
away  with,  or  the  body  has  been  clandestinely  burnt  before  a 
post-mortem  could.be  made,  the  detection  of  poison  in  the  un- 
embalmed  fragments  that  may  remain  is  strongly  indicative  of 
criminal  poisoning.*  But  if  the  circumstances  be  such  that  the 
lacking  evidence  should  have  been  obtained  if  poisoning  was 
the  cause  of  death,  as  when  a  person  dies  within  a  short  time 
and  with  the  symptoms  of  strychnin  poisoning,  and  a  properly 
conducted  analysis,  made  shortly  after  death,  fails  to  show 
the  presence  of  the  poison,  the  theory  of  death  from  that  partic- 
ular poison  becomes  much  more  difficult  of  proof,  if  it  be  tenable 
at  all. 

It  is  hardly  necessary  to  state  that  in  the  framing  of  the  hy- 
pothetical question  terminating  in  "  What  in  your  opinion  was 
the  cause  of  death,"  which  is  usually  put  to  medical  expert 
witnesses,  the  results  of  the  autopsy,  of  the  pathological  exami- 
nation, and  of  the  chemical  analysis  should  be  included  along 
with  the  history  of  the  symptoms. 

In  non-fatal  cases  a  positive  diagnosis  can  only  be  reached 
by  the  observation  of  the  symptoms  and  the  proof  of  the  pres- 
ence of  the  poison  in  the  excreta,  vomit,  or  substances  known  to 

■  See  the  Shann  case,  previously      Pel  case,  under  Arsenic  p.  427. 
referred  to  (p.  139,  note),  and  the 
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have  been  taken  or  administered.  An  adequate  cause  for  the 
effects  observed  must  be  affirmatively  proved  to  exist,  either  by 
lay  or  by  expert  evidence. 

2.  Could  the  poisoning  have  been  simulated?  Every 
toxicologist  has  been  annoyed  by  persons  having  a  fixed  delu- 
sion that  they  are  in  danger  of  being  poisoned.  These  persons 
can  hardly  be  said  to  simulate  poisoning,  not  only  because  the 
delusion  is  honestly  entertained,  but  because,  although  they  sub- 
mit various  articles  of  food  or  drink  for  analysis,  and  describe 
real  or  fancied  symptoms,  the  analysis  always  leads  to  negative 
results,  and  the  symiDtoms  differ  more  or  less  widely  from  those 
of  poisoning. 

The  symptomatology  of  poisoning  very  frequently  closely  re- 
sembles that  of  some  so-called  natural  disease  so  closely  that  a 
differential  diagnosis  from  the  symptoms  alone  is  difficult  or 
impossible.  These  resemblances  very  frequently  give  rise  to 
groundless  suspicion  of  poisoning,  which,  if  the  person  die,  may 
either  be  immediately  disproved  by  the  discovery  at  the  autopsy 
of  some  lesion  adequate  to  cause  the  effects  observed  during  life, 
or  add  to  the  list  of  "deaths  from  unknown  causes,"  if  neither 
lesion  nor  poison  be  found. 

The  possibility  of  the  introduction  of  poison  into  a  cadaver 
for  the  purpose  of  supporting  a  false  accusation  of  criminal  poi- 
soning was  recognized  by  Orfila  as  early  as  1815.^  Although 
the  physical  possibility  of  the  commission  of  such  a  crime  can- 
not be  denied,  we  know  of  no  instance  in  which  it  has  been  al- 
leged in  accusation.  In  some  cases  a  poison  has  been  introduced 
into  a  cadaver  to  conceal  a  murder  by  other  means. ^  The  non- 
criminal post-mortem  introduction  of  poison  is  of  frequent  oc- 
currence and  will  be  discussed  below. ^  The  resemblance  of  the 
symptoms  of  poisoning  to  those  of  disease  has  been  taken  ad- 
vantage of  by  poisoners  to  destroy  their  victims,  with  less  prob- 
abihty  of  detection,  during  the  prevalence  of  an  epidemic. 
Several  such  cases  are  referred  to  under  Arsenic,  and  Robert*  cites 
an  instance  in  which  a  man  was  poisoned  by  tartar  emetic  during 

'"Traits     des     poisons,"     Paris,  'See    Question    12   and   Arsenic, 

1814-15,  II.,  ii.,  293.     "  Tr.  d.  tox.,"  pp.  557  et  seq. 

5§me  ed..  Pans,  1852,  i.,  61.  *  "  Intoxikationen,"   2teAufl.,i., 

^  Siemens:  Ztschr.  f.  Med.-Beamte  122. 
1891,  iv.,  193.  See  also  cases  cited 
on  p.  1120. 
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an  epidemic  of  cholera,  the  poisoner  thinking  that  the  death 
would  be  attributed  to  the  prevailing  disease. 

Cases  of  deliberate  false  accusations  of  attempted  poisoning, 
made  by  persons  still  living,  have  also  occurred;  and  it  is  quite 
conceivable  that  poison  may  be  mixed  with  articles  of  food, 
medicine,  urine,  or  even  with  vomited  matters  in  support  of  the 
charge.  Or  an  innocent  person  may  be  placed  in  serious  jeop- 
ardy by  the  suicidal  or  accidental  poisoning  of  relative,  employer, 
etc.,  affected  during  life  with  the  delusion  of  poisoning.  An  in- 
stance of  this  kind,  in  which  the  suspected  person  only  escaped 
punishment  in  consequence  of  the  expression  by  the  medical 
experts  of  the  opinion  that  arsenic  cannot  remain  in  the  body 
for  eight  days  without  manifesting  any  of  its  usual  effects  and 
then  cause  death,  is  reported  by  Boutigny:'  A  woman  accused 
her  husband  of  attempting  to  poison  her,  and  coarsely  powdered 
arsenic  was  found  in  a  dish  of  food  alleged  by  her  to  have  been 
prepared  by  her  husband,  who  was  then  imprisoned.  The 
woman  at  that  time  and  for  eight  days  after  was  perfectly  well. 
She  then  had  an  attack  of  mania  and  died  on  the  ninth  day 
after  the  alleged  administration  by  the  husband,  who  had  re- 
mained in  prison.  Arsenic  in  large  quantity  was  found  in  the 
stomach  and  intestines. 

3.  Can  a  poisoning  have  occurred  and  the  poison  either 
be  or  have  become  undetectable?  This  question  must  receive 
an  affirmative  reply  as  to  its  first  part  for  many  poisons,  and  as 
to  its  second  part  for  all.  There  are  many  vegetable  poisons 
which  leave  no  characteristic  lesions,  and  whose  chemical 
reactions  and  action  upon  animals,  so  far  as  known,  are  not 
sufficiently  well-marked  to  permit  of  their  identification,  even 
when  they  are  separated  in  the  minute  quantities  in  which 
they  may  remain  in  the  body  after  death  from  their  action. 
And  particularly  when  the  body  has  undergone  putrefaction, 
even  in  its  earlier  stages,  their  distinction  from  putrid  alkaloids, 
which  may  have  been  formed  is,  in  the  present  condition  of  our 
knowledge,  impossible.  Indeed,  the  number  of  alkaloidal  poi- 
sons which  can  be  distinguished  from  putrid  products  by  physio- 
logical and  chemical  tests  is  quite  small. ^ 

'  Ann.    d'hyg.,    etc.,    1836,    xvi.,       130;    Buchner:    Friedreich's    Bl.    f. 
391.     See  also:  p.  12,  and  Kratter:      gar.  Med.,  1887,  xxxviii.,  130. 
Arch.   f.   kr.   Anthrop.,    1903,   xiii.,  =  See   in   this   connection  Ptoma- 

ins,  Morphin,  Strychnin,  Atropin. 
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And  even  poisons  having  distinctive  chemical  characters 
which  ordinarily  permit  of  their  identification  with  certainty, 
may  become  undetectable  from  several  causes.  The  person  may 
die  from  secondary  effects  long  after  the  first  action  has  disap- 
peared, as  in  corrosion  by  the  mineral  acids;  or  life  may  be  pro- 
longed for  a  sufficient  length  of  time  to  permit  the  complete 
elimination  of  the  poison  and  death  still  result  from  its  action, 
by  exhaustion  or  by  a  continuation  of  morbid  processes  which  it 
established.  This  has  been  known  to  occur  even  with  a  poison 
usually  so  prompt  in  its  action  and  of  such  certainty  of  detec- 
tion as  arsenic' 

Poisons  are  removed  from  the  stomach  and  intestines  by 
vomiting,  purging,  and  absorption,  as  well  as  by  washing  out 
the  stomach,  if  that  method  of  treatment  be  resorted  to;  andit 
is  quite  conceivable  that  even  an  easily  recognizable  poison  may 
have  been  thus  entirely  removed  from  these  parts  while  it  still 
remains  in  detectable  quantities  in  the  tissues  into  which  it  has 
passed  by  absorption  and  from  which  it  is  subsequently  removed 
by  elimination  if  life  continue.  The  period  of  time  required 
for  absorption,  elimination,  etc.,  is  different  for  different  poi- 
sons, and  varies  with  each  according  to  the  conditions  under 
which  it  acts.  This  subject  will  be  more  particularly  discussed 
in  treating  of  the  poisons  individually.  The  possibility  of 
washing  out  the  stomach  after  death  must  also  be  recognized, 
although  the  probability  of  its  suggesting  itself  to  any  other 
than  a  medical  poisoner  is  remote.  The  operation  would  of 
course  leave  no  traces  except  the  presence,  possibly,  of  an  undue 
quantity  of  water,  and  the  absence  of  all  remains  of  food  in  the 
stomach,  which  would  also  tend  to  aid  a  simulation  of  death 
from  drowning.  Of  course,  poisons  such  as  arsenic  would  re- 
main in  the  tissue  of  the  organ. "^ 

When  a  chemical  antidote  has  been  administered  during 
life,  the  poison  or  corrosive  M'ill  be  found  in  that  form  of  combi- 
nation produced  liy  the  reaction,  possibly  accompanied  by  ex- 
cess of  the  antidote.     Thus  the  contents  of  the  stomach  may  be 


'  See     Arsenic — Elimination,    pp.  is     alleged     to     have    occurred  in 

546  seq.               ^  Wisconsin    in    1885.     Arsenic  « 

^  An  instance  in  which  the  stomach  found    in    the    tissue    {'Sew   York 

was    opened    and    sponged    out    in  ^  Times,  January  9th,  1886). 
the  interval  between  two  autopsies 
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neutral  or  even  alkaline  when  acids  have  been  taken  and  alka- 
lies administered. 

Poison  remaining  in  the  body  at  death,  if  it  be  organic  in 
nature,  or  volatile,  or  oxidizable,  may  either  disappear  or  be 
converted  into  other  products.  Thus  prussic  acid  in  contact 
with  the  ammonia  and  hydrogen  sulfid  produced  during  putre- 
faction may  be  converted  into  ammonium  thiocyanate,  a  nor- 
mal constituent,  in  small  amount,  of  the  saliva.  Prussic  acid 
and  chloroform,  even  when  present  in  sufficient  quantity  to  be 
recognizable  by  their  characteristic  odors  at  the  autopsy,  are 
rapidly  dissipated  by  volatilization  if  the  materials  be  left  ex- 
posed to  the  air.  Phosphorus  is  gradually  oxidized,  and  is 
finally  converted  into  phosphates,  not  distinguishable  from  those 
normally  present  in  the  body.  Glucosidal  poisons  are  rapidly 
decomposed  by  the  bacteria  of  putrefaction.^ 

4.  What  poison  produced  the  injury  or  death?  As 
we  have  said  above,  the  occurrence  of  symptoms  which  may  be 
produced  by  a  certain  poison  and  the  satisfactory  demonstration 
of  the  fact  that  the  kind  of  poison  capable  of  producing  such 
effects  was  taken  by,  or  administered  to,  the  injured  person  con- 
stitute, in  the  absence  of  other  causes  capable  of  producing  such 
results,  sufficient  evidence  that  the  agent  shown  to  have  been 
present  was  the  cause  of  the  effects  observed.  Yet  a  pernicious 
impression  exists  in  the  popular  mind,  and  to  some  extent  among 
toxicologists,  that  the  poison  must  be  actually  isolated  and  pro- 
duced in  substance  upon  the  trial.  The  poison  so  separated 
from  the  cadaver  is  even  falsely  designated  as  the  corpus  delicti, 
a  term  which  applies  to  the  crime  and  not  to  the  material  agent. ^ 
A  shooting  may  be  satisfactorily  proved  without  the  production 
upon  the  trial  of  either  the  pistol  or  the  bullet,  and  a  stabbing 
without  the  exhibition  to  the  jury  of  the  cutting  instrument  with 
which  the  wound  was  inflicted.  Why  in  a  case  of  poisoning 
should  the  exceptional  demand  for  the  actual  isolation  and  pro- 

'  Prurievitsch:  Chem.  Ctbl.,  1899,  crime,    and    is    divided    into    two 

i.,  702.  component  parts,  the  first  of  which 

'  "The  corpus  delicti  in  homicide  is  the  death  of  the  person,  and  the 
has  two  components,  namely,  death  second  is  that  the  death  was  pro- 
as the  result  and  the  criminal  agency  duced  through  criminal  agency." 
of  another  as  the  cause."  Peo.  v.  160  N.  Y.,  425,  14  N.  Y.  Cr.,  207. 
Bennett,  49  N.  Y.,  137.  In  Peo.  v.  And  in  Peo.  v.  Patrick  (1905),  1S2 
Benham  (1899)  the  Court  said:  "The  N.  Y.,  140,  Gray,,  J.,  defined  the 
corpus  delicti,  in  a  case  of  murder  or  term  similarly, 
manslaughter,  means  the  body  of  a 
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duction  of  the  material  agent  which  caused  the  injury  be  insisted 
upon?  That  such  material  proof  is  desirable,  if  it  can  be  ob- 
tained, is  unquestionably  true  in  the  one  case  as  it  is  in  the  other, 
but  it  is  frequently  much  more  difficult  to  obtain  in  poisoning 
than  in  homicide  by  mechanical  means,  or  is  not  obtainable. 

Indeed,  it  is  most  exceptional  that  the  poison  is  recoverable 
in  the  identical  form  in  which  it  was  administered.  Phos- 
phorus may  be  separated  as  such  in  some  cases,  and  preserved 
by  sealing  in  a  glass  tube,  and  arsenic  trioxid  may  occasionally 
be  found  in  its  solid  crystalHne  form  in  the  stomach;  but  the 
demonstration  of  the  presence  of  the  lower  oxids  of  phosphorus 
constitutes  quite  as  satisfactory  a  factor  in  the  proof  of  phos- 
phorus poisoning  as  does  the  isolation  of  the  element  itself,  and 
in  the  great  majority  of  cases  of  arsenical  poisoning  arsenic  is 
separated  in  the  elementary  form,  and  not  as  the  trioxid  or  as 
Paris  green.  In  a  case  of  tartar  emetic  poisoning  we  have 
known  the  defense  to  lay  great  stress  upon  the  fact  that,  of  the 
carbon,  hydrogen,  oxygen,  potassium,  and  antimony  of  which 
that  poison  consists,  only  the  antimony  was  demonstrated  to  be 
present  by  the  analysis;  yet,  in  view  of  the  further  facts  of  the 
purchase  of  tartar  emetic  by  the  defendants  and  the  manifesta- 
tion of  the  symptoms  of  antimonial  poisoning  by  the  deceased, 
the  jury  very  properly  convicted.^  Similarly,  in  a  case  of  mor- 
phin  poisoning  in  which  the  defendant  was  convicted,  experts 
for  the  defense  maintained  that  proof  of  the  presence  of  the  alka- 
loid was  unsatisfactory  because  it  had  not  been  "isolated"  in  a 
state  of  purity,  although  its  characteristic  reactions  had  been 
observed.^  Yet  every  chemist  knows  that,  in  his  processes  of 
analysis,  both  qualitative  and  quantitative,  it  is  only  excep- 
tionally that  he  "isolates"  the  elements  or  compounds  whose 
presence  and  quantity  he  may  determine  with  accuracy.^ 

The  knowledge  of  the  particular  form  of  combination  in 
which  the  poison  was  taken  is  frequently  valuable  as  bearing 
upon  collateral  points,  but  is  rarely  obtainable.  Thus  if  arsenic 
be  proved  to  be  present  as  Paris  green,  either  by  its  separation 
in  substance  or  by  the  presence  of  copper  and  arsenic  in  the 
proper  proportions,  the  theory  of  criminal  administration  in  a 

'  State  V.  Fournier  and  Cox,  Chit-  =  Peo.  v.  Buchanan,  Gen.  Sessions, 

tenden  Co.  Crt.,  Vt.,  1894.  X.  Y.,  1893. 

=  See  p.  1-19. 
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colorless  liquid  is  weakened  and  that  of  suicide  is  strengthened 
thereby. 

5.  Was  the  substance  found  by  the  chemist  really  the 

poison?  This  question  may  be  of  importance  in  two  ways: 
Either  the  methods  of  the  analyst  may  be  claimed  to  be  de- 
fective or  his  conclusions  unwarranted,  or  the  substance  demon- 
strated to  be  present  may  have  found  its  way  into  the  body  by 
some  means  other  than  by  administration  in  poisonous  dose. 

The  former  claim  can  be  successfully  advanced  by  the  defense 
only  when  the  analyst  has  been  culpably  ignorant  or  negligent,  or 
worse.  The  Wharton  trial  in  Maryla,nd  in  1872  is  an  instance 
in  which  the  acquittal  of  the  accused  was  probably  due  in  part 
to  this  cause.  The  analysis  of  the  stomach  was  so  unsatisfac- 
torily performed  that  the  prosecution  found  a  second  exhumation 
and  analysis  of  other  parts  to  become  necessary  during  the  trial, 
which  was  adjourned  from  Friday  noon  to  Tuesday  noon  to 
allow  time  for  the  supplementary  analysis.  In  the  case  of  Peo. 
V.  Fleming,  tried  in  New  York  county  in  1896,  the  defense  con- 
sisted entirely  in  demonstration  of  the  impossibility  of  the  state- 
ments made  by  one  of  the  two  analysts  for  the  people,  and  proof 
that  all  articles  examined  by  the  second  had  previously  been  in 
the  custody  of  the  other.     The  defendant  was  acquitted. 

In  all  trials  for  poisoning  by  the  vegetable  alkaloids  at  the 
present  time,  the  defense  advances  the  claim  that  the  reactions 
observed  were  produced  by  ptomains  and  not  by  the  vegetable 
alkaloid  alleged  to  have  caused  the  death.  (See  Ptomains,  Mor- 
phin.  Strychnin.) 

When  the  poison,  whether  mineral  or  organic,  is  found  only 
in  minute  quantities,  the  question  of  its  origin  may  be  very 
properly  raised.  It  may  possibly  have  been  administered  med- 
icinally, or  may  have  found  entrance  to  the  living  body  as  an  im- 
purity in  some  medicine  or  article  of  food,  as  arsenic  in  bismuth 
subnitrate,  or  copper  in  canned  vegetables,  or  as  a  constituent 
of  natural  articles  of  diet,  as  oxalic  acid  in  rhubarb,  or  as  the 
result  of  addiction  to  a  drug  habit,  as  morphin,  chloral,  etc.;  or 
it  may  have  been  imbibed  by  the  cadaver,  as  arsenic  from  arti- 
ficial flowers  or  from  neighboring  embalmed  bodies  in  a  water- 
soaked  cemetery.  Even  when  the  poison  is  present  in  large 
amount, "the  possibility  of  post-mortem  introduction  and,  in 
some  cases,  of  habituation  must  be  considered.  The  question 
IV.— 14 
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whether  the  doubt  so  raised  is  "reasonable"  is  for  the  jury  to 
determine  in  the  light  of  such  expert  evidence  bearing  upon  the 
matter  as  the  circumstances  of  the  case  permit  of. 

6.  Could  the  substance  administered  have  caused  death? 
When  the  identity  of  the  substance  is  proven  or  conceded,  the 
question  whether  it  is  a  poison  or  noxious  thing  may  arise. 
(See  Definition.)  A  substance  may  be  administered  with  intent 
to  kill,  and  yet,  from  its  nature  or  form  of  administration,  be 
incapable  of  causing  death.  Thus  Tardieu'  cites  the  case  of  a 
woman  who  tried  to  poison  her  husband  with  pure  copper 
filings;  and  another  of  a  man  who  sought  to  kill  his  wife  by  sul- 
furic acid  administered  in  wine,  in  which  the  mineral  acid  was 
neutralized  by  the  potassium  tartrate. 

The  clinical  history  of  the  case  may  also  demonstrate  that 
the  substance  administered,  although  capable  of  causing  death, 
could  not  have  done  so  in  the  particular  case  at  bar,  either  be- 
cause the  time  between  the  administration  and  the  death  was 
such  that  no  relation  of  cause  and  effect  could  exist,  or  because 
the  symptoms  observed  were  not  those  which  the  substance  ad- 
ministered could  have  produced,  or  because  the  patient  recovered 
from  the  effects  of  the  poison,  to  die  subsequently  of  some  dis- 
ease with  which  he  was  at  the  time  afflicted  or  which  intervened. 

The  question  may  also  be  raised  on  the  part  of  the  defense 
in  cases  of  mechanical  injury  capable  of  causing  death,  fol- 
lowed by  improper  medical  treatment.  Thus  in  the  case  of 
Peo.  V.  Stokes,  a  compromise  verdict  was  reached  upon  the 
second  trial,  in  consequence  of  a  grave  doubt  whether  the  vic- 
tim, risk,  died  from  the  effects  of  a  gunshot  wound  or  from 
those  of  morphin  administered  in  excessive  doses.- 

7.  Is  a  poisonous  substance,  given  in  minute  quantity,  a 
poison?  This  question  can  only  arise  in  cases  in  which  the 
quantity  administered  is  known  to  be  small.  It  does  not  apply 
when  the  quantity  of  the  dose  is  unknown  and  only  minute 
quantities  have  been  separated  In-  analysis  (see  Question  8). 
When  the  poison  or  corrosive  has  been  given  in  such  minute 
quantity  or  extreme  dilution  that  it  is  incapable  of  causing  in- 
juiy,  it  certainly  does  not  come  within  the  medical  definition  of 
poison  or  corrosive.     Whether  its  administration  in  such  quantity 

'  "Empoisonnement,"    2^me   ed.,  =Peugnet:     Papers     Med.-Leg. 

P-  123.  Soc,  X.  Y.,  1S82,  2  s.,  294. 
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01'  form  with  criminal  intent  is  punishable  is  a  legal  question, 
and  one  which  does  not  concern  the  expert  except  in  so  far  as  he 
may  be  called  upon  to  fix  the  limit  of  quantity  or  dilution  below 
which  tlie  substance  will  be  incapable  of  causing  deleterious 
effects.' 

8.  Was  the  poison  taken  in  a  dose  suflficient  to  cause  death? 
This  is  a  question  a  definite  answer  to  which  would  be  highly 
desirable  were  it  possible.  It  is  only  rarely  that  it  can  be  an- 
swered positively  in  the  affirmative;  and  the  analyst  is  not  war- 
ranted in  giving  a  negative  answer,  if  the  presence  of  poison  has 
been  demonstrated. 

The  answer  is  necessarily  based  upon  two  data:  (1st)  The 
quantity  of  the  poison  in  question  which  is  capable  of  causing 
death,  and  (2d)  the  amount  which  was  taken  by  the  deceased. 
The  first  would  be  a  fixed  factor  were  it  Ijnown;  the  second,  one  to 
be  determined  in  each  case  if  possible.  The  first  has  not  been 
determined  within  narrow  limits,  capable  of  numerical  expres- 
sion, even  in  the  case  of  arsenic,^  and  varies  with  the  circum- 
stances of  the  case  and  the  nature  of  the  poison.  The  second  can 
never  be  determined  by  analysis  of  the  cadaver.  The  quantity 
present  in  certain  organs  may  be  ascertained  with  more  or  less 
accuracy  by  analysis,  but  from  the  results  of  such  determination 
only  one  inference  can  be  drawn,  i.e.,  that  the  quantity  tal^en 
was  greater  than  the  amount  found.  How  much  greater  it  may 
have  been  may  be  guessed  at,  but  not  determined.  The  absolute 
amount  present  in  the  cadaver  when  it  is  analyzed  could  only  be 
ascertained  by  one  of  three  methods:  1st.  By  extracting  all  of 
the  poison  from  the  entire  body.  2d.  By  extracting  all  from  a 
properly  equalized  and  weighed  sample  talcen  from  a  mass 
obtained  by  reducing  the  entire  weighed  body  to  a  uniform  and 
homogeneous  pulp.  3d.  By  a  similar  process  as  that  last 
mentioned,  except  that  each  organ,  the  different  regions  of  the 
muscular  system  and  included  soft  parts,  and  of  the  skeleton  are 
treated  separately.  The  first  procedute  is  not  possible;  the 
second  is  neither  possible  nor  desirable;  the  third  is  possible  with 
mineral  poisons,  but  would  involve  the  entire  destruction  of  the 
body  and  an  expenditure  of  time  warrantable  only  in  very  ex- 

'  Two  cases  in  point  are  cited  in  ^  See    Arsenic — Lethal  Dose,  p. 

Casper-Liman:       "Handb.    d.    ger.       434. 
Med.,"  8te  AuO.,  ii.,  362-367. 
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ceptional  cases.  With  organic  poisons  the  quantity  separated 
is  always  a  fraction  of  that  actually  present,  as  the  methods 
available  never  effect  complete  extraction.  What  the  magni- 
tude of  the  fraction  may  be  is  not  calculable.  The  quantity  of 
poison  separated  from  the  body  by  the  methods  at  present 
followed  is  therefore  only  a  fraction,  more  or  less  large,  of  that 
which  exists  in  the  body  when  it  is  analyzed,  and  a  still  smaller 
fraction  of  that  which  was  swallowed. 

In  attenipting  to  calculate  the  total  quantity  in  the  cadaver, 
it  is  never  permissible  to  assume  that  the  amount  separated 
from  a  certain  fractional  part  of  the  body  bears  the  same  rela- 
tion to  the  entire  amount  present  that  the  weight  of  the  fraction 
examined  bears  to  that  of  the  body.  The  distribution  of  the 
poison  in  the  different  organs  and  tissues  is  uneven  under  all 
circumstances,  and  the  quantity  in  one  part  is  no  indication  of 
that  in  any  other,  except  in  so  far  as  it  is  known  that  certain  or- 
gans retain  a  greater  quantity  than  others.  And  even  when 
the  quantity  in  a  given  organ  is  calculated  from  the  amount 
found  in  a  known  fraction  of  that  organ,  the  calculation  is  only 
reliable  if  the  sample  is  a  fair  representative  of  the  whole,  taken 
from  the  finely  divided  and  thoroughly  mixed  whole.  It  is  not 
safe  to  assume,  for  instance,  that  because  a  given  quantity  of 
arsenic  is  found  in  one  lateral  half  of  the  brain  the  entire  organ 
contains  twice  that  amount.  The  entire  brain  should  be  hashed, 
thoroughly  mixed,  weighed,  and  a  weighed  fraction  taken  for 
analysis. 

But  if  the  entire  quantity  present  in  the  cadaver  at  death 
could  be  separated  and  weighed,  the  result  so  obtained  would 
have  no  greater  significance.  It  would  simply  show  that  at 
least  that  quantity  had  been  taken,  and  in  all  probability  more. 
How  much  more  will  again  depend  upon  the  circumstances  of 
the  case  and  the  nature  of  the  poison.  How  much  was  expelled 
by  vomiting  and  purging?  how  much  was  removed  by  absorp- 
tion and  ehmination,  OY  by  medical  treatment?  how  much  was 
transformed  by  chemical  reactions  into  other  compounds?  AH 
these  are  questions  which  must  be  solved  before  the  main  ques- 
tion could  be  answered. 

Yet  the  determination  of  the  quantity  of  poison  in  the  or- 
gans and  parts  analyzed  should  be  made  if  possible,  and  with 
the  greatest  attainable  accuracy.     The  amount  thus  actually 
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separated  may  be  greater  than  that  which  has  been  known  in 
accurately  observed  cases  to  have  been  the  only  cause  of  death, 
in  which  event,  clearly,  presuming  the  poison  to  have  been  in 
the  body  during  life,  the  question  under  discussion  may  be  an- 
swered in  the  affirmative.  Or  the  quantity  found  may  be  such 
that,  although  not  in  itself  poisonous,  it  is  sufficient  to  negative 
the  theory  that  the  poison  was  legitimately  administered  in 
medicinal  doses,  particularly  if  allowance  be  made  for  expulsion 
and  elimination  known  to  have  occurred  during  life. 

In  some  cases,  the  statement  that  a  lethal  dose  was  certainly 
taken  may  be  warranted,  although  less  than  that  quantity  has 
been  separated  from  the  cadaver,  the  conclusion  being  based 
upon  known  facts  of  distribution  and  elimination  and  minimum 
lethal  dose  for  the  poison  in  question.  Thus,  in  a  case  in  which 
no  mercury  was  found  in  the  stomach  or  intestines,  but  quantities 
corresponding  to  1.59  grains  and  0.44  grains  were  found  in  the 
kidneys  and  liver,  respectively,  it  could  be  concluded  with  cer- 
tainty that  a  lethal  dose  had  been  taken,  and  had  not  been  taken 
recently. 

When  the  quantity  of  poison  separable  from  the  body  is 
small,  all  that  can  be  argued  from  this  fact  is  its  mere  presence. 
The  question  of  its  origin  must  be  determined,  if  it  be  determin- 
able, from  the  clinical  history  and  from  other  elements  of  the 
case.  But,  assuming  that  the  analysis  has  been  properly  per- 
formed and  that  the  reagents  used  were  pure,  the  fact  of  the 
presence  of  the  poison  in  the  cadaver  must  be  accepted  as  proven, 
even  when  the  amount  must  be  designated  as  an  unweighable 
trace.  The  reactions  by  which  many  of  the  poisons  may  be 
identified  with  certainty  are  of  extreme  delicacy,  and  are  ca- 
pable of  certainly  detecting  the  presence  of  amounts  so  small  as 
to  be  unweighable  by  the  most  delicate  balance.  Thus  0.00001 
gm.  is  practically  an  unweighable  quantity,  yet  that  amount  of 
strychnin  is  sufficient  to  give  the  color  and  physiological  tests 
and  the  bitter  taste  of  the  alkaloid. 

In  some  cases  an  indication  of  the  amount  taken  may  be  ob- 
tained from  a  quantitative  analysis  of  vomited  matters,  or  of 
the  remains  of  articles  of  food  or  of  medicine  known  to  have 
been  taken  or  administered. 

9.  Was  the  poisoning  suicidal,  accidental,  or  homicidal? 
Apart  from  the  examination  into  the  mental  condition  of  the 
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deceased  or  of  the  accused,  the  physician  as  well  as  the  chemist 
may  sometimes  offer  expert  evidence  which  will  aid  in  the  de- 
termination of  this  important  question. 

The  physical  characters  of  the  poison  itself  or  the  quantity 
in  which  it  is  found  to  be  present  may  raise  a  presumption  in 
favor  of  suicide,  or  for  or  against  the  theory  of  the  prosecution 
or  of  the  defense.  Presumably  a  poison  which  has  a  marked 
color,  such  as  Paris  green,  or  a  strong  taste,  such  as  strychnin, 
would  not  be  unwittingly  swallowed  by  an  adult  in  the  full  pos- 
session of  his  faculties.  This  is,  however,  only  a  presumption, 
and  numerous  cases  of  unquestionably  homicidal  poisoning  by 
both  of  these  agents  have  occurred.  Moreover,  the  color  and 
the  taste  may  be  effectually  concealed,  the  former  by  mixing 
with  some  green  vegetable,  the  latter  by  enclosing  the  poison  in 
a  capsule  administered  to  the  victim  as  medicine.' 

The  finding  of  a  large  quantity  of  arsenic  in  the  stomach 
was  invoked  in  the  case  of  Madeleine  Smith  in  support  of  the 
theory  of  suicide,  on  the  ground  that  such  a  quantity  could  not 
be  administered  without  the  knowledge  of  the  deceased.^  The 
degree  of  solubility  of  a  poison  is  frequently  a  question  of  inter- 
est as  bearing  upon  the  form  of  administration  and,  indirectly, 
upon  the  question  of  responsibility. 

The  theory  of  accidental  poisoning  may  also  be  in  some  eases 
set  aside  by  chemical  evidence.  Thus,  in  the  case  of  Carlyle 
Harris,  the  defense  sought  to  show  that  the  death  might  have 
been  caused  accidentally  by  an  error  of  the  druggist  in  dis- 
pensing morphin  in  place  of  quinin,  although  the  defendant 
had  himself  supplied  the  proof  that  no  such  mistake  had  been 
made  by  reserving  one  of  the  capsules  which,  on  analysis,  was 
found  to  contain  the  proportions  of  quinin  and  morphin  called 
for  by  the  defendant's  prescription. 

The  method  of  action  of  the  poison  may  in  some  cases  throw 
light  upon  this  question.  Thus,  in  the  case  of  Jean  Humphreys, 
referred  to  by  Taylor,^  the  theory  of  suicide  was  negatived  by 
the  facts  that  the  deceased,  who  died  from  the  effects  of  sulfuric 
acid,  could  not  voluntarily  have  swallowed  the  acid  unobserved 
during  a  period  of  more  than  twenty  minutes  before  its  action 

'  These  capsules  are  readily  open-  administered  in   capsules  in  homi- 

ed,  and  substitution  of  poison  for  cidal  cases, 
their    legitimate    contents    is    easy.  -  See  Arsenic — Solubility,  402. 

Aconitin   and   morphin    have   been  '  "Poisons,"  3d  Am.  ed.,  p.  85. 
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began,  and  that  sulfuric  acid  produces  the  symptoms  of  corro- 
sion immediately. 

The  presence  of  the  poison  in  the  clothing  or  in  other  arti- 
cles in  the  possession  of  the  defendant  may  also  serve  as  a  part 
of  the  proof  of  administration;  thus,  in  the  case  just  cited,  the 
night  dress  of  the  defendant  was  stained  by  sulfuric  acid;  and 
in  the  Maybrick  case  arsenic  was  found  in  a  handkerchief,  the 
pocket  of  a  dressing  gown,  and  several  other  articles  in  the  pos- 
session of  the  defendant. 

In  drawing  conclusions  from  such  facts,  however,  they 
should  be  carefully  weighed,  and  the  possibility  of  their  expla- 
nation in  favor  of  the  defendant  fully  recognized.  Maschka^ 
reports  a  case  in  which  the  unwarrantable  conclusion  that  sul- 
furic acid,  from  the  effects  of  which  a  man  had  died,  must  have 
been  administered  by  another  because  the  deceased  had  a  knowl- 
edge of  its  action,  because  the  burns  produced  by  the  acid  were 
less  marked  at  the  lips  than  in  the  deeper  parts  of  the  mouth, 
and  because  no  physician  was  called  during  the  illness  of  the 
deceased.  The  first  and  last  reasons  do  not  concern  the  medical 
expert,  and  the  second  is  insufficient. 

The  possibility  of  auto-intoxication  or  food  poisoning  must 
be  held  in  mind.  Auto-intoxications,  due  to  the  retention  of 
poisons  produced  in  the  system,  are,  for  the  most  part,  accom- 
panied by  characteristic  post-mortem  lesions,  such  as  the  struc- 
tural changes  in  the  kidneys,  which  are  present  in  so-called 
ursemic  poisoning  by  urinary  leucomains.  Food  poisonings, 
caused  by  eating  food  which  has  suffered  decomposition  result- 
ing in  the  formation  of  poisonous  products,  are  rarely  fatal  and 
rarely  single;  usually  several  persons  eat  of  the  same  substance 
and  suffer  similar  symptoms.  An  examination  of  the  remains 
of  the  food  may  show  tlie  presence  of  putrid  poisons. 

10.  Could  the  substance  found  have  been  administered  as  a 
medicine?  In  general  terms,  irrespective  of  quantity,  and  as  a 
mere  question  of  possibility,  this  question  must  be  answered  in 
the  affirmative,  whatever  be  the  kind  of  poison  used.  Of  the 
poisons  known  to  our  predecessors,  all  have  been  at  some  time 
used  as  medicines,  and  hardly  is  the  poisonous  character  of  a 
newly-discovered  compound  recognized,  before  its  use  as  a 
medicine  is  suggested.  And  even  quantity,  when  not  excess- 
'  Viertljschr.  f.  ger.  Med.,  1881,  n.  F.,  xxxiv.,  197. 
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ive,  does  not  permit  an  absolute  negative,  as  medical  literature 
is  full  of  instances  of  the  administration  of  medicines  in  heroic 
doses,  which,  it  must  be  confessed,  have  in  many  instances 
caused  the  death  of  the  patient;  and  this  entirely  irrespective 
of  those  cases  of  so-called  accidental  poisoning  due  to  criminal 
negligence  on  the  part  of  the  prescriber  or  dispenser  of  medi- 
cines, or  of  both — unfortunately  of  much  more  frequent  occur- 
rence than  they  should  be — in  which  either  a  much  larger  dose 
than  was  intended  in  the  mind  of  the  physician  is  given  or  in 
which  an  actively  poisonous  drug  is  substituted  for  one  of 
greatly  inferior  toxic  power  by  "mistake." 

So  far  as  the  administration  of  medicines  by  the  attending 
physician  is  concerned,  it  therefore  behooves  the  prosecution  to 
show  affirmatively,  by  the  evidence  of  the  physician  and  copies 
of  his  prescriptions,  what  drugs  he  actually  did  prescribe  or 
order,  and  by  the  druggist  that  the  prescriptions  were  properly 
compounded.  Without  such  evidence  the  question  must  remain 
a  doubt,  the  reasonableness  of  which  it  remains  for  the  jury  to 
determine  from  all  of  the  evidence;  unless,  indeed,  the  quantity 
found  is  so  large  that  it  could  not  have  been  medicinally  given, 
or  unless  proof  of  some  other  method  of  administration  is  avail- 
able, as,  for  instance,  the  existence  of  the  same  kind  of  poison 
in  the  remains  of  an  article  of  food. 

It  may  also  be  claimed  that  the  poison  found,  if  present  in 
small  quantity,  was  introduced  as  an  impuritj-  in  a  medicine 
legitimately  administered,  as  arsenic  in  bismuth  subnitrate. 
A  case  in  which  an  incomplete  analysis  permitted  the  possi- 
bility of  the  presence  of  arsenic  in  bismuth  subnitrate,  admin- 
istered to  the  deceased,  to  be  considered  by  the  court  as  an  abso- 
lute bar  to  a  conviction,  is  reported  by  Rogers.'  Arsenic  was 
found  in  the  stomach  (which  was  nearly  empty)  and  the  intes- 
tines in  "very  decided  amount."  The  liver  was  not  sent  for 
analysis.  During  the  trial  it  was  shown  that  bismuth  subni- 
trate was  among  the  medicines  administered  during  the  illness 
of  the  deceased.  Ten  samples  of  bismuth  subnitrate  (not  in- 
cluding a  specimen  of  that  administered)  were  examined  and 
eight  were  found  to  contain  arsenic  in  quantities  not  deter- 
mined. Upon  this  condition  of  facts  the  trial  was  cut  short 
and  the  defendant  discharged,  it  being  held  that,  in  the  ab- 
'  Tr.  Coll.  Phys.,  Phila.,  1857,  n.  s.,  iii.,  197. 
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sence  of  any  proof  of  the  absolute  amount  of  arsenic  adequate  to 
destroy  life,  the  mere  fact  of  the  discovery  of  a  poisonous  adul- 
teration of  the  medicine  administered  was  sufficient  to  invali- 
date the  evidence  against  the  prisoner  and  to  justify  her  imme- 
diate discharge.  Purchase  of  arsenic  by  the  accused  had  been 
proved;  and  it  was  not  shown,  nor  was  it  probable,  that  even  if 
the  subnitrate  had  been  impure,  it  contained  enough  arsenic  to 
cause  the  vomiting  and  purging  proved  to  have  occurred,  much 
less  a  fatal  result. 

If  this  extreme  view  be  accepted  as  correct,  it  must  be  ad- 
mitted that  evidence  of  the  fact  that  bismuth  subnitrate  had 
been  administered  in  a  case  of  alleged  arsenical  poisoning 
would  be  adequate  ground  for  the  discharge  of  the  jury,  what- 
ever the  quantity  of  arsenic  found.  Yet  in  this  case,  had  the 
livei'  and  other  organs  been  examined  and  the  quantity  of  ar- 
senic determined,  it  seems  probable,  from  the  presence  of  a 
"very  decided  amount"  in  the  stomach  and  intestine  after  the 
patient  had  vomited  and  purged  copiously  for  several  days,  that 
a  distinctly  weighable  quantity  of  arsenic  would  have  been 
found.  If  this  were  more  than  would  have  been  contained  in 
all  of  the  bismuth  called  for  by  the  prescriptions,  even  if  the 
drug  were  in  its  most  impure  form,  it  seems  to  us  clear  that 
the  case  would  have  in  nowise  differed  from  one  in  whii'h  only 
that  quantity  of  arsenic  would  have  been  found  which  would  be 
represented  by  the  excess  found  in  this  case  over  that  accounted 
for  as  possibly  attributable  to  the  bismuth.  And  if  the  propor- 
tion of  arsenic  in  a  sample  of  the  identical  drug  administered  had 
been  determined  (as  it  might  have  been  had  such  sample  been 
available  and  it  actually  did  contain  arsenic),  the  excess  of 
arsenic  found,  if  there  were  such,  over  that  which  could  by  any 
possibility  have  been  given  with  the  bismuth,  could  have  been 
definitely  stated.  Yet  even  under  these  circumstances  it  would 
seem  that  under  this  ruling  the  prisoner  would  have  been  dis- 
charged. And  as  a  logical  consequence  no  conviction  for  arsenical 
poisoning  could  be  had  or  the  case  even  submitted  to  the  jury, 
unless  more  than  fifteen  grains  of  arsenic  were  actually  separated 
from  the  cadaver,  and  the  patient  had  taken  no  bismuth — condi- 
tions which  have  obtained  in  only  a  very  few  of  the  large  number 
of  known  arsenical  poisonings. 

On  the  other  hand,  if  the  quantity  of  arsenic  found  after 
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death  be  a  mere  trace,  or  less  than  that  which  might  have  been 
present  in  bismuth  or  other  drug  or  mineral  containing  arsenic, 
the  case  must  be  considered  as  one  in  which  no  poison  was  found, 
and  should  be  decided  by  the  jury  upon  other  evidence,  including 
that  showing  the  administration  of  drugs  containing  the  poison. 
It  may  also  be  claimed  that  the  poison  found,  particularly  if 
in  small  amount,  was  taken  as  a  medicine  without  the  prescrip- 
tion of  a  physician,  either  by  the  refilling  of  an  old  prescription' 
or  as  a  patent  or  proprietary  medicine,  by  the  deceased  him- 
self or  administered  without  criminal  intent  by  another.  Thus, 
'in  the  Maybrick  case,  it  was  claimed  that  the  deceased  was 
in  the  habit  of  dosing  himself  with  arsenic.  Deaths  of  chil- 
dren from  the  effects  of  morphin  in  "soothing  syrups"  are 
of  frequent  occurrence;  numerous  poisonings  by  tartar  emetic 
have  resulted  from  the  use  of  "quietness,"  to  remove  the  effects 
of  a  debauch;  and  "arsenical  wafers"  are  extensively  advertised 
and,  presumably,  largely  used.  The  possibility  of  such  an 
origin  of  a  small  quantity  of  poison  found  must  be  admitted. 
Whether  such  possibility  amounts  to  a  reasonable  doubt  is  for 
the  jury  to  determine  in  the  light  of  all  the  evidence  in  the  case, 
as,  even  when  the  symptoms  are  well-marked,  the  post-mortem 
appearances  clearly  defined  so  far  as  they  go,  negatively  as  well 
as  affirmatively,  and  the  poison  is  found  in  quantity  which  may 
be  considered  large  for  that  particular  poison,  the  possibility 
that  ah  overdose  was  unintentionally  taken  still  remains.  The 
question  is  one  of  intent,  and  is  not  within  the  province  of  the 
expert  evidence,  except  in  so  far  as  that  may  throw  light  upon 
the  matter  collaterally  as  shown  in  the  discussion  of  these 
questions. 

Cases  also  arise  in  which  there  is  suspicion  of  homicide  by  a 
poison  which  is  proven  to  have  been  previously  administered  to 
the  deceased  legitimately  as  a  medicine.  The  question  then 
arises  whether  the  same  poison,  found  in  the  cadaver,  may  not  be 
an  uneliminated  residue  of  the  medicine.     Every  such  case  must 

'  Section  1745  of  the  N.  Y.  Crim.  sale  of  cocain  or  of  alpha-  or  beta- 
Law  makes  it  a  misdemeanor  to  eucain  a  felony:  but  there  is  no 
refill  more  than  once  a  prescription  provision  against  the  refilling  of 
containing  morphin  or  the  prepara-  other  prescriptions  containing  poi- 
tions  of  opium  in  which  the  dose  sons,  provided  the  formalities  pre- 
exceeds  one-fourth  of  a  grain  of  scribed  by  Sec.  1743  be  observed, 
opium  or  one-twentieth  of  a  grain  See  pp.  59-62. 
of  morphin,  and  Sec.  1746  makes  the 
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be  determined,  if  at  all,  upon  its  circumstances,  the  quantity  of 
poison  found,  the  time  which  has  elapsed  since  the  cessation  of 
the  medication,  our  knowledge  of  the  rate  of  elimination  of  the 
poison  in  question,  the  nature  of  the  symptoms  in  the  final  at- 
tack, the  revelations  of  the  autopsy,  etc.  We  may  cite  as  an 
example  the  case  of  a  woman  who  had  taken  sodium  arsenite. 
during  twenty  days,  the  last  twenty-nine  days  before  her  death, 
and  in  whose  body  only  traces  of  arsenic  were  found,  and  in 
which  Scherbatscheff^  very  properly  gave  the  opinion  that  these 
traces  might  have  resulted  from  the  medication,  but  that  this 
did  not  exclude  arsenical  poisoning. 

II.  When  and  how  was  the  poison  taken?  It  is  highly 
desirable  in  the  investigation  of  criminal  poisoning,  as  in  that 
of  homicide  by  other  means,  that  the  precise  time  of  the  in- 
fliction of  the  injury  shall  be  fixed  as  closely  as  possible.  Ow- 
ing to  the  secrecy^  with  which  poison  is  administered  when 
given  with  criminal  intent,  it  is  but  rarely  that  the  time  of  the 
administration  can  be  determined  by  other  than  circumstantial 
evidence,  of  which  expert  opinion  may  constitute  an  important 
part.  The  corrosives,  which  act  upon  the  parts  with  whicla 
they  are  brought  into  immediate  contact,  begin  their  action  at 
the  instant  of  contact,  consequently  if  the  case  has  been  ob- 
served during  life  or  the  patient  can  describe  the  attack,  the 
time  of  administration  can  be  fixed  as  immediately  preceding 
the  first  effects.  With  the  true  poisons,  however,  action  does 
not  begin  before  the  entrance  of  the  toxic  into  the  circulation, 
and  consequently  the  interval  between  administration  and  the 
first  effects  observed  will  vary  with  the  conditions  which  favor 
or  delay  absorption  (see  p.  80).  If  the  form  in  which  the 
poison  was  taken  be  unknown,  the  duration  of  the  interval  pre- 
ceding the  manifestation  of  symptoms  must  be  considered  as 
having  been  between  the  extreme  limits  in  observed  cases,  if 
these  have  been  sufficiently  numerous  to  afford  a  basis  for  com- 
parison. Thus  in  the  case  of  arsenic  the  duration  of  this  in- 
terval has  been  from  "immediately"  to  nine  hours;  and  with 
phosphorus,  from  "immediately"  to  two  days. 

A  knowledge  of  the  rapidity  of  elimination  of  the  poison 
may  also  be  of  service  in  fixing  the  date  after  which  it  must 

'  Vrtljschr.    f.    ger.    Med.,    1900,  ^  In  a  few  cases  the  administra- 

•3  F.,  xix.,  233.  tion  was  not  secret  but  forcible. 
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have  been  taken  if  found  to  be  present,  and  since  which  it  is 
improbable  that  it  was  taken  if  it  be  not  found  in  a  properly 
conducted  analysis,  if  it  be  a  poison  whose  detection  by  this 
means  is  to  be  expected. 

The  clinical  history  of  the  case  will  frequently  determine 
whether  the  poison  was  administered  in  a  single  dose  or  in  re- 
peated doses. 

The  question  of  how  the  administration  was  effected  may 
relate  to  the  channel  of  entrance  or  to  the  vehicle  with  which 
it  was  mixed.  The  great  majority  of  criminal  poisonings  are 
by  the  mouth.  It  is  only  exceptionally  that  poison  has  been 
criminally  given  by  the  rectum,  by  hypodermic  injection,  by 
the  vagina,  by  inhalation,  or  by  the  ear,  yet  such  cases  have  oc- 
curred.' If  the  poison  have  any  local  action,  as  arsenic,  or  if  a 
mineral  acid  have  been  used,  the  seat  of  application  will  be  in- 
dicated by  the  local  effects  produced. 

The  vehicle  of  administration  is  best  determined  by  analysis 
of  remains  of  articles  of  food,  drink,  medicine,  etc.,  and  some- 
times of  the  bodies  of  animals  who  have  devoured  such  remains 
when  they  have  been  thrown  out.  Frequently,  also,  valuable 
information  can  be  obtained  from  analysis  of  even  very  minute 
quantities  of  solid  or  liquid  residues  remaining  in  cups,  glasses, 
bottles,  or  cooking  utensils. 

12.  Could  the  substance  sepaxated  by  the  chemist  have  aa 
origin  other  than  administration  during  the  life  of  the  deceased? 
Admitting  the  identity  of  the  poison  to  have  been  satisfactorily 
proven  by  the  results  of  the  analysis,  the  answer  to  the  first 
question  discussed  above  will  depend  in  some  measure  upon  the 
exclusion  of  a  possible  fortuitous  origin  of  the  substance  found. 
The  chemist  must  be  depended  upon  solely  to  exclude  some  of  the 
possible  sources  of  contamination,  as,  for  instance,  by  impurity 
of  chemicals,  or  introduction  into  the  materials  under  analysis 
during  the  examination;  while  the  exclusion  of  others,  such  as 
possible  post-mortem  imbibition,  can  at  present  only  be  reached 
from  a  consideration  of  all  of  the  evidence  in  the  case,  and  some- 
times not  then. 

The  purity  of  the  chemicals  used  must  be  beyond  ques- 
tion.    This  can  only  be  assured  by  a  careful  examination  of  the 

■  Sec  under  Sulfuric  Acid,  Arsenic,      bon  Monoxid,  and  Chloroform,  and 
Mercury,  Phosphorus,  Morphin,  Cur-      p.  66. 
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reagents  by  the  chemist  himself,  and  a  purification,  if  neces- 
sary; by  the  preparatioir  of  the  chemicals  in  the  laboratory  from 
materials  known  to  be  pure;  or  by  a  "blank  testing."  No  re- 
liance, for  toxicological  purposes,  is  to  be  placed  upon  the 
labels  of  even  the  most  reputable  manufacturers;  the  chemist 
must  himself  know  that  he  has  not  unwittingly  introduced  the 
substance  which  he  has  found.  The  methods  of  testing  chem- 
icals, their  purification  or  manufacture,  have  been  referred  to 
previously  or  will  be  in  the  division  of  special  toxicology  in 
discussing  their  use. 

A  "blank  testing"  consists  of  a  performance  of  the  same 
operations  as  those  conducted  with  the  organs  examined,  and 
with  the  same  reagents  in  equal  or  greater  quantity,  upon  tissue  or 
materials  known  to  be  free  from  poison.  Its  negative  result  demon- 
strates the  absence  of  the  poison  found  from  the  reagents  used. 

An  unrecognized  accidental  or  intentional  addition  of 
poison  to  the  substances  analyzed,  at  the  autopsy  or  subsequently, 
should  be  rendered  a  physical  impossibility  by  attention  to  the 
directions  already  laid  down  (see  pp.  135,  138,  and  148). 

The  occurrence  of  poisons  such  as  arsenic  and  copper  as 
normal  constituents  of  the  human  body  has  been,  after  con- 
siderable discussion  by  the  older  toxicologists,  definitely  nega- 
tived, except  as  to  minute  traces  of  arsenic  in  the  thyroid  gland.  ^ 
It  must  not  be  forgotten,  however,  that  both  of  these  poisons, 
by  constant  presence  in  articles  of  food  or  drink  and  relatively 
slow  elimination,  may  be  present  as  quasi-normal  constituents 
of  the  bodies  of  members  of  certain  communities,  being  taken  by 
them  unknowingly  and  not  in  consequence  of  the  contraction  of 
drug  habits.  Thus,  although  we  know  of  no  specific  observation 
of  the  fact,  it  would  seem  probable  that  if  the  cadaver  of  an  in- 
habitant of  the  village  of  Whitbeck  (where  a  stream  whose  water 
is  impregnated  with  arsenic  is  used  as  the  source  of  drinking- 
water^)  were  analyzed  it  would  be  found  to  contain  small  quanti- 
ties of  arsenic;  and  owing  to  the  very  general  use  of  copper 
utensils  and  of  the  salts  of  copper  in  "greening"  canned  vege- 
tables, pickles,  etc.,  copper  in  small  amount  is  almost  invariably 
found,  particularly  in  the  liver. 

The  possibihty  of  the  post-mortem  introduction  of  poison 

'  See  p.  558. 

'Ph.  J.  and  Tr.,  1860-6*,  n.  s.,  ii.,  286. 
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into  the  cadaver  has  been  recognized  by  toxicologists  from  the 
time  of  Orfila,  and  the  possibility  of  distinguishing  poison  so  in- 
troduced from  that  taken  during  life  has  been  the  subject  of 
much  careful  study  in  recent  years.  The  post-mortem  in- 
troduction of  poison  into  the  cadaver  may  be  either  (1st)  By 
mahcious  injections;  (2d)  for  the  prevention  of  putrefaction, 
in  embalming,  so-called;  (3d)  by  imbibition  from  the  soil  or 
from  surrounding  objects. 

It  must  be  admitted  as  a  physical  possibility  that  a  properly 
selected  poison  might  be  introduced  into  a  cadaver  in  such  man- 
ner as  to  lend  color  to  a  false  accusation  of  poisoning.  But  the 
success  of  such  a  crime  would  require  the  fulfillment  of  condi- 
tions which  are  hardly  within  the  range  of  possibility;  great 
toxicological  knowledge,  combined  with  diabolical  intent  on 
the  part  of  the  perpetrator,  and  a  series  of  occurrences  favorable 
to  his  design  and  more  or  less  beyond  his  control,  both  preced- 
ing and  succeeding  the  death  of  the  alleged  victim. 

The  post-mortem  impregnation  of  bodies  with  poisons  for 
purposes  of  preservation  and  by  accidental  imbibition  is  of 
much  greater  practical  interest,  particularly  in  the  United 
States,  where  the  practice  of  undertakers  is  regulated  by  law  in 
three  States  only.  Although  any  poison  of  alleged  antiseptic 
power  may  be  a  constituent  of  a  so-called  embalming  liquid,  and 
although  many  poisons  may  find  their  entrance  into  a  cadaver 
by  imbibition  from  without  if  brought  in  contact  with  it,  it  is 
chiefly  with  reference  to  arsenic  that  the  question  is  of  forensic 
interest;  and  we  therefore  defer  its  consideration  to  the  division 
of  special  toxicology  under  Arsenic. 

The  addition  of  poison  to  articles  of  food  or  medicine  by  a 
person  still  living,  for  the  purpose  of  procuring  false  evidence 
against  another  of  an  attempt  to  poison,  is  of  by  no  means 
rare  occurrence.' 

13.  Is  the  flesh  of  poisoned  animals  poisonous  to  man? 
Apart  from  the  frequently  occurring  poisonings  by  tainted  meat, 
it  must  be  recognized  as  possible  that,  under  favorable  condi- 
tions, a  sufficient  amount  of  mineral  or  vegetable  poison  may  re- 

'  Kratter:  "  Beitrage,"  1905,  p.  S.  husband  with  arsenic;  the  accusation 

Sonnenschein:  Handb.d.ger.Chem.,  was  disproved,  the  woman  married 

1869,    117,    relates    an   instance    in  another,  and  was  murdered  by  her 

which  a  man  falsely  accused  his  para-  accuser, 
mour  of  having  poisoned  her  deceased 
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main  in  the  tissues  of  an  animal  wlicise  death  resulted  from  its 
action  to  cause  poisoning  in  a  human  being  who  may  eat  of  them. 
No  authenticated  case  of  poisoning  by  this  means  is,  however, 
recorded  so  far  as  we  know.^ 

14.  Can  a  case  of  homicide  by  poison  be  made  out  if  the 
body  has  been  cremated?  If  there  have  been  neither  autopsy 
nor  chemical  analysis  previous  to  the  cremation  this  question  is 
practically,  Can  a  case  be  made  out  without  autopsy  or  proof  of 
the  presence  of  poison  in  the  cadaver?  because  lead  and  copper 
are  the  only  poisons  of  which  traces  would  remain  in  the  ash^ 
and  these  are  very  rarely  used  in  criminal  poisoning,  and  might 
be  readily  disposed  of  by  substituting  other  ashes  for  those  of  the 
cadaver.  The  answer  to  the  question  in  its  latter  form  has 
already  been  given  in  the  discussion  of  the  first  question. 

As  the  proof  of  poisoning,  difficult  in  any  case,  is  rendered 
well-nigh  impossible  by  cremation,  and  as  in  a  very  large  pro- 
portion of  cases  of  poisonings  which  have  been  proved,  the  body 
has  been  exhumed  after  burial,  it  would  seem  desirable  that  the 
(Tremation  of  a  body  should  not  be  permitted  except  after  an  in- 
vestigation by  the  proper  medical  officer,  sufficient  to  establish 
a  reasonable  certainty  that  death  was  due  to  natural  causes.^ 
The  fact  that  the  practice  of  cremation  is  by  no  means  general 
is  no  argument  against  the  advisability  of  this  supervision,  as 
while  cremation  without  an  autopsy  is  possible,  it  may  be  re- 
sorted to  by  the  criminal  to  remove  the  evidences  of  the  crime. 

For  other  "Forensic  Questions"  bearing  particularly  upon 
individual  poisons,  the  reader  is  referred  to  the  division  of 
Special  Toxicology 

'  Taylor:  "Poisons,"  3d  Am.  ed.,  of   bone    of  a   cremated   body  for 

170-174,  discusses  this  question  at  arsenic.     His  results  demonstrated 

length.     The  only  case  of  poisoning  the  futility  of    an    analysis   under 

in    the    human    subject,    however,  these  circumstances, 

which  he  cites   (from  Galtier)   was  ^  The    destruction    of    the    body 

more  probably  one  of  trichinosis  or  removes  evidences  of  violent  death 

of  putrid  intoxication  than  one  of  or  injury  from  other  causes  as  well  as 

poisoning    by    copper.     See,    how-  those  of  poisoning.     That  the  mere 

ever,    Seeley:    Med.    Rec,    N.    Y.,  certificate  of  death  by  the  attending 

1894,  xlv.,  14,  and  Reg.  v.  Sprague,  physician  is  sufficient  is  disproved 

Ph.  J.  and  Tr.,  1865,  n.  s.,  vii.,  72.  by  the  instances  given  on  p.   127. 

^Mai  (Ztschr.  f.anal.Chem.,  1904,  §ee  also  Chapuis:  "Precis  d.  Tox.," 

xliii.,  617)  examined  the  fragments  2d  ed.,  1889,  p.  98. 
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CLASSIFICATION  OF  POISONS. 

Poisons  and  corrosives  require  classification  for  two  distinct 
purposes:  1st.  Into  analytical  groups  to  facilitate  their  ex- 
traction and  identification.  2d.  Into  natural  groups  to  render 
the  study  of  all  of  their  characters  more  logical  and  consecutive. 

The  analytical  classification  is  both  possible  and  neces- 
sary, and  follows  the  analytical  methods  used: 

I.  Gaseous  Poisons:  Carbon  monoxid,  hydrogen  sulfid, 
sulfur  dioxid. 

II.  Volatile  Poisons,  which  are  separable  from  mixtures 
by  mere  distillation,  with  or  without  vapor  of  water;  and  from 
acid,  neutral  or  alkaline  liquids:  Alcohol,  chloroform,  hydro- 
cyanic acid,  ammonia  and  its  derivatives,  phosphorus,  etc. 

III.  Acids,  Alkalies,  and  Salts:  Mineral  poisons  and 
corrosives,  which  are  best  separated  by  extraction  with  water. 
Mineral  acids  and  alkalies  and  certain  soluble  metallic  salts. 

IV.  Organic  Poisons:  Substances  which  do  not  withstand 
the  action  of  powerful  reagents,  and  which  are  extracted  from 
the  mixtures  in  which  they  exist  by  neutral  solvents  or  by  di- 
lute acids,  either  applied  directly  or  in  agitation  methods  with 
immiscible  solvents — vegetable  acids,  glucosids,  alkaloids,  and 
bitter  principles,  and  animal  poisons. 

V.  Mineral  Poisons:  Substances  of  sufficient  stability  to 
permit  of  their  separation  by  the  decomposition  and  removal  of 
the  organic  substances  with  which  they  may  be  mixed,  followed 
by  the  usual  methods  of  mineral  analysis,  somewhat  modified  to 
meet  the  requirernents  of  the  case. 

A  systematic  classification  is  more  difficult  to  arrange 
and,  in  its  minuter  ramifications,  not  practicable  at  present. 
Different  systems  have  been  suggested,  based  either  upon  the 
origin  of  the  poisons  and  corrosives,  or  upon  their  method  of 
action  upon  the  economy.  Both  arrangements  have  advantages 
and  disadvantages,  but  of  the  two  we  believe  that  based  upon 
origin  to  be  the  preferable  one  for  the  present,  although  the 
other  would  be  the  more  natural  and  the  more  useful:  because 
the  origin  is  determinable  in  every  case,  while  the  method  of 
action  of  many  poisons  is  still  imperfectly  understood. 

The  earliest  classification,  suggested  by  Plenck  in  1785,'  was 

'"Toxikologie,"  Wien,  1785. 
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based  upon  origin,  and  consisted  of  four  groups:  (I)  Animal 
poisons;  (II)  vegetable  poisons;  (III)  mineral  poisons;  and 
(IV)  poisonous  gases,  vapors,  and  dust. 

The  first  to  suggest  a  classification  based  upon  the  method 
of  action  of  toxic  substances  was  Fod^re,^  who  divided  poisons 
into  six  classes:  (I)  septic  poisons;  (II)  stupefying  or  narcotic 
poisons;  (III)  narcotico-acrid  poisons;  (IV)  acrid  or  rubefa- 
cient, poisons;  (V)  corrosives,  or  escharotic  poisons;  and  (VI) 
astringent  poisons. 

The  classifications  of  writers  following  Plenck  and  Fod6re: 
Mahon,^  Orfila,^  Christison,"  Flandin,'^  Casper,"  Taylor,^  Tar- 
dieu^  and  others,  are  merely  modifications  of  these  either  by 
extension  or  by  contraction;  if  we  except  the  division  of  An- 
glada'  into  the  two  classes  of  solid  and  liquid,  and  of  gaseous 
poisons. 

Of  the  classifications  based  upon  physiological  action,  prob- 
ably the  best  developed  hitherto  suggested  is  that  of  Rabuteau,'" 
who  divides  poisons  into  six  classes: 

I.  HEMATIC  Poisons. — A.  Globular  poisons,  acting  chiefly 
on  the  red  corpuscles:  Carbon  monoxid,  hydrocyanic  acid, 
hydrogen  sulfid,  and  ammonium  sulfhydrate,  compounds  of 
selenium  and  tellurium,  phosphorus,  arsenic,  alcohols. 

B.  Plasmic  poisons,  acting  on  corpuscles  and  plasma.  Ni- 
trites and  nitrous  fumes,  salts  of  silver  injected  into  the  veins, 
the  greater  part  of  the  metallic  salts,  when  given  in  small  and 
repeated  doses. 

II.  Neurotic  Poisons. — A.  Paraly so-motor s,  which  abol- 
ish the  functions  of  motor  nerves:  Curare,  calabar  bean,  acon- 
itin,  coniin. 

B.  Spinals,  which  exaggerate  reflex  sensibility:  Strychnin, 
m'boundou,  compressed  oxygen,  cantharides,  etc. 

C.  Cerebro-spinals,  which  act  upon  the  elements  of  the 
brain  and  spinal  cord:  Chloroform,  ether,  opium. 

'  Traits  de  m^decine  legale,  Paris,  <"'Handb.  d.  ger.  Med.,"  Berlin, 

1813,  iv.,  6.  1857,  ii.,  383. 

""(Euvres  posthumes,"  Paris,  An  '"Med.    Jur.,"    3d    ed.,  London, 

X.  (1801),  ii.,  320.  1849,  p.  7. 

^ " Traits des  poisons,"  Paris,  1814,  "'Etude     s.     I'empois.,"     Pans, 

i.,  5-14.  1867,  p.  167. 

*  "Treatise  on  Poisons,"   Edinb.,  '"Traits  de  toxicologie,"  Brux., 

1829,  81-83.  1837,  p.  252. 

'^  " Traits des  poisons,"  Paris,  1846,  '""Elements   de  toxicologie," 

i.,  225.  2eme  ed.,  Paris,  1887,  pp.  29-34. 

IV.— 15 
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III.  Neuro-muscular  Poisons:  Solanacese,  digitalis,  an- 
timonials,  carbon  dioxid. 

IV.  Muscular  Poisons:  Strophanthus,  veratrin,  salts  of 
potassium  and  of  barium,  copper,  zinc,  cadmium,  tin,  lead,  mer- 
cury, etc. 

V.  Irritants  or  Corrosives:  Sulfuric,  nitric,  hydrochloric, 
hydrofluoric,  oxalic  acids,  potash,  soda,  ammonia,  alkaline'sul- 
fids,  bromin,  chlorin,  etc. 

The  classification  which  will  be  followed  in  this  work,  after 
the  primary  division  into  corrosives  and  poisons,  ^  is  based  upon 
origin.  Within  the  classes  a  further  subdivision  is  desirable, 
but,  we  regret  to  believe,  impracticable  at  present,  consequently 
an  alphabetical  arrangement  is  as  good  as  any.  We  wiU  divide 
toxic  agents  into: 

I.  Corrosives:  Substances  which  act  chemically  upon  tis- 
sues with  which  they  are  brought  into  immediate  contact— min- 
eral acids,  alkalies,  halogens,  etc. 

II.  Poisons:  Substances  which  act  after  entrance  into  the 
circulation,  followed  by  solution  in  the  blood  or  chemical  action 
upon  the  blood  itself. 

A.  Mineral  Poisons:  Arsenic,  antimony  phosphorus,  the 
salts  of  copper,  lead,  mercury,  etc. 

B.  Vegetable  Poisons:  Vegetable  acids,  alkaloids,  bitter 
principles,  glucosids,  etc. 

C.  Animal  Poisons:  Leucomains,  ptomains,  toxins,  toxal- 
bumins. 

D.  Synthetic  Poisons:  Chloroform,  alcohol,  chloral,  phenol, 
antipyrin,  etc.^ 

1  See  Definition,  p.  51.  these     classes    into    hydrocarbons, 

'  The   synthetic   poisons   may   be  alcohols,  aldehydes,  acids,  etc.    See 

classified    according    to    their    posi-  Witthaus:  "Manual  of  Chemistry," 

tions  in  the  purely  chemical  classifi-  6th  ed.,   271,   seg.,   or  any  modem 

cation,    first,    into    open-chain    and  organic  chemistry. 
closed-chain  derivatives,  and  within 


SPECIAL  TOXICOLOGY. 

CORROSIVES. 

MINERAL  ACIDS. 

All  acids  are  absorbed  and  act  as  true  poisons  when  they  are 
administered  in  such  dilution  that  intense  local  action  is  avoided, 
but  yet  in  sufficient  absolute  quantity  and  for  a  sufficient  period 
of  time  to  cause  diminution  of  the  normal  alkalinity  of  the  blood 
and  other  parts.'  The  symptoms  of  poisoning — such  as  somno- 
lence, sopor,  coma  and  convulsions,  referable  to  the  action 
upon  the  nervous  system;  and  the  appearance  of  albumin,  glob- 
ulin, blood,  and  casts  in  the  urine,  resulting  from  the  action  of 
the  diminished  alkalinity  upon  the  blood  and  kidneys — and 
death  occur  before  the  quantity  of  acid  absorbed  is  sufficient  to 
entirely  neutralize  the  alkaline  reaction.  Indeed,  the  same 
effects  have  been  produced  in  rabbits  without  the  administration 
of  acids,  by  withholding  food  capable  of  producing  alkalies,  when 
the  formation  of  sulfuric  acid  resulting  from  the  oxidation  of 
the  sulfur  existing  in  protein  substances,^  and  of  phosphoric  acid 
similarly  produced  from  the  lecithins  and  other  phosphorized 
constituents  of  the  body'  causes  sufficient  diminution  of  al- 
kalinity. It  has  also  been  shown  by  Walter*  that  acid  poisoning 
is  much  more  rapidly  produced  in  herbivorous  animals  than  in  the 
carnivora;  which  is  accounted  for  by  the  neutralization  of  ab- 
sorbed acid  by  ammonia  to  a  greater  amount  in  the  latter  than  in 
the  former. 

Instances  of  such  "acidism"  or  acid  poisoning,  caused  by  di- 
lute weak  acids — such  as  oxalic  and  acetic — have  been  observed 
in  the  human  subject  (see  Oxalic  Acid),  and  are  by  no  means 
uncommon  after  corrosion  by  the  more  powerful  acids,  if  life  be 
sufficiently  prolonged.     But  the  powerful  mineral  acids — sul- 

'  The  gastric  juice  and  urine  only  Kraus:    Arch.    f.    exper.    Path.    u. 

are  acid  normally.  Pharm.,  1890,  xxvi.,  186. 

^  Salkowski:  Arch.  f.  path.  Anat.  *  Arch.  f.  exper.  Path.  u.  Pharm., 

etc.,  1S73,  Iviii.,  1.  1877,  vii.,  148. 

''Jitta:   Diss.,   Amsterdam,    1885. 
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furic,  nitric,  and  hydrochloric — as  well  as  chromic  anhydna, 
when  taken  in  concentrated  form,  act  immediately  and  energeti- 
cally upon  the  tissues  with  which  they  come  in  contact,  causing 
disintegration  and  destruction  of  the  part  by  their  chemical  ac- 
tion, and  producing  symptoms  of  such  intensity  and  violence, 
due  to  this  corrosion,  that  the  phenomena  of  true  poisoning  fall 
into  the  background,  or  are  entirely  omitted  in  rapidly  fatal 
cases.  Moreover,  in  the  frequently  recurring  instances  in  which 
the  patient  recovers  from  the  first  effects  of  the  acid,  from  the 
acidism  as  well  as  from  the  primary  local  action,  only  to  die 
weeks  or  months  later  from  interference  with  the  processes  of 
nutrition,  the  lesions  which  are  the  cause  of  death  are  referable 
entirely  to  the  corrosive  action  of  the  acid  and  in  no  way  to  its 
transitory  poisonous  effects. 

Therefore,  while  the  occurrence  of  acidism  is  of  scientific 
and  medical  interest  and  while  it  offers  an  explanation  of  the 
cause  of  certain  of  the  symptoms  observed  in  some  cases  of  cor- 
rosion by  the  powerful  acids,  it  is  of  minor  importance  in  the 
forensic  toxicology  of  these  substances,  which  are  the  most  ener- 
getic of  corrosives. 


Statistics  and  Causation. 

Although  no  statistics  serving  to  indicate  the  absolute  num- 
ber of  instances  in  which  sulfuric,  hydrochloric,  and  nitric  acids 
have  caused  death  or  injury  in  the  human  subject  are  available, 
the  following  table  of  cases  reported  in  medical  journals  accessi- 
ble to  us  will  show  the  relative  frequency,  mortality,  and  origin 
of  corrosions  by  those  acids: 


Cases. 

Deaths. 

Recov- 
eries. 

Homi- 
cides. 

Sui- 
cides. 

Acci- 
dents. 

Sulfuric  acid'    

Hydrochloric  acid-  .  . 
Nitric  acid 

3SS 
126 

8.3 

256 
89 
70 

120 

106 

15 

53 

6 

17 

189 
57 
43 

99 
40 
14 

It  may  be  noted  that  the  proportion  of  recoveries  indicated  is 
certainly  too  high,  as  a  large  number  of  the  cases  set  down  as 
having  recovered  have  been  reported  shortly  after  their  occur- 

I  ( 'uses     of    external    application  ^  Not  including  English  coroners 

vitriol-throwing)  not  included.  cases.     See  note  8,  p.  232. 
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rence  and  before  sufficient  time  has  elapsed  for  the  development 
of  the  secondary  effects  which  have  proved  fatal  in  many 
instances. 

Of  the  76  homicidal  cases,  63  were  fatal,  including  all  those 
by  nitric  and  hydrochloric  acids,  save  two  by  the  latter.  Twelve 
occurred  in  Great  Britain  (1  HCl,  11  HjSOJ;  32  in  Germany 
(2  HGl,  8  HNO3,  22  HjSOJ;  6  in  Finland  and  Sweden  (3  HNO3, 
3  H2SO4);  10inAustro-Hungary(2HNO3,8H2SOJ;13inFrance 
(4  HNO3,  2  HCl,  7  H2SO,);  one  in  Holland  (H^SO,);  and  one  in 
Belgium  (HCl). 

We  have  been  able  to  find  record  of  but  one  case  of  criminal 
internal  administration  of  a  mineral  acid  to  another  in  the  United 
States.  In  the  case  of  State  vs.  Frank  Dinsmore  tried  in  Ne- 
braska in  March,  1900,  the  defendant  was  convicted  of  having 
destroyed  his  wife  by  administration  of  sulfuric  acid.  But 
these  agents  have  been  frequently  resorted  to  by  suicides,  and  the 
crime  of  "vitriol-throwing"  is  a  common  one  in  this  country.' 

In  45  of  the  76  cases  the  victim  was  an  infant  or  young  child, 
to  whom  the  acid  was  given  more  or  less  forcibly.  In  one  in- 
stance a  father,  after  conviction  for  having  destroyed  his  child 
shortly  after  its  birth  by  nitric  acid,  confessed  to  having  pre- 
viously disposed  of  five  others  in  a  similar  manner.- 

It  is  difficult  to  imagine  a  manner  in  which  a  strong  mineral 
acid  could  be  made  the  agent  of  secret  poisoning  of  an  adult  in 
the  possession  of  his  faculties.  The  corrosive  action  upon  the 
lips  and  tongue  is  immediate  upon  contact,  and  so  severe  that  it 
would  cause  the  instant  expectoration  of  any  small  quantity 
which  might  have  entered  the  mouth,  before  being  swallowed. 
Indeed,  the  Appellate  Court  in  a  Dutch  case  held  the  extreme 
opinion  that  the  mixing  of  sulfuric  acid  with  coffee,  a  portion 
of  which  was  subsequently  taken  into  the  mouth  of  the  intended 
victim  and  by  him  immediately  expectorated,  was  not  an  at- 
tempt at  administration  of  a  deleterious  thing,  because  "any 
person  who  did  not  wish  to  take  it  would  be  prevented  by  the 
repulsive  taste  from  taking  a  second  portion  into  the  mouth,  and 
would  immediately  expel  that  already  taken,  so  that  it  would 

'  Beck:  "Med.  Jur.,"  12th  ed.,  ii.,       [by  sulfuric  acid];  but  he  gives  no 
464,  states  that:     "In  1817  a  female      particulars. 

was  tried  in  this  State  [New  York]  ^  Osenbruggen:  Allg.  deut.  Straf- 

for  poisoning  an  illegitimate  child"       rechtsztg.,  1865,  v.,  273,  ex  Friedr. 

Bl.  f.  ger.  Med.,  1867,  xviii.,  75. 
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not  be  possible  for  the  sulfuric  acid  to  reach  the  stomach."'  In 
a  somewhat  similar  case,  tried  at  Cassel  in  1853,  in  which  the 
injuries  were  Hmited  to  the  mouth  and  tongue,  beyond  which 
the  acid  did  not  penetrate,  the  defendant  was  more  properly  con- 
victed of  attempted  murder,  and  sentenced  to  fourteen  years' 
imprisonment.^  A  case  is,  however,  reported  by  Mignot,^  of  a 
man  of  forty  years  who  died  in  three  months  from  the  secondary 
effects  of  sulfuric  acid,  which  had  been  adroitly  substituted  for 
brandy  which  he  was  in  the  habit  of  drinking.  The  powerful 
taste  of  the  acid  has  also  been  the  means,  indirectly,  of  prevent- 
ing the  murder  of  an  infant;  as  in  an  early  case  in  which  the 
mother  tasted  the  food  prepared  by  a  servant  who  for  revenge 
had  added  sulfuric  acid  to  it.  The  soup  was  not  given  to  the 
infant,  but  was  sent  to  the  authorities  for  examination.* 

Of  the  other  twenty-eight  cases  in  adults  classed  as  homicidal, 
three  were  declared  after  investigation  to  have  been  more  prob- 
ably accidental  or  suicidal  than  homicidal.*  In  one  fatal  case 
a  woman  poured  sulfuric  acid  into  the  open  mouth  of  her  sleeping 
husband.'  In  1888  (Reg.  vs.  Lipski)  the  defendant  was  con- 
victed of  the  murder  of  a  woman  by  pouring  a  mixture  of  nitric 
and  sulfuric  acids  down  her  throat  while  in  bed.'  In  another  in- 
stance, also  fatal,  a  weak-minded  woman  was  induced  to  swallow 
sulfuric  acid.^  A  woman  died  from  the  effects  of  nitric  acid 
which  her  husband  poured  into  her  ear  while  she  was  intoxicated, 
"  to  correct  her,"  as  he  alleged.^  In  three  instances  (one  each  of 
sulfuric,  hydrochloric,  and  nitric  acid)  the  corrosive  was  taken  by 
a  pregnant  female  upon  the  advice  of  her  lover,  and  under  the  be- 
lief, on  the  part  of  one  or  both,  that  it  would  cause  abortion.'" 
In  two  cases  sulfuric  acid  was  given  to  a  pregnant  woman  with 
the  same  object  by  a  professional  abortionist.     One  of  these 

'Friedr.    Bl.  f.  ger.   Med.,   1856,  « Christison :    Edinb.    JI.   and  S. 

vii.,  Heft  3,  p.  73.  Jour.,  1S31,  xxxv.,  296. 

"  Friedr.  Bl.  f.  ger.  Med.,  1S54,  v.,  '  Taylor:  "  Manual  of  Med.  Jour.," 

Heft  .5,  p.  63.  11th  Am.  ed.,  lsy2,  373. 

^  Bull,  et  m^m.  Soc.  med.  d.  hop.  *Fagerlund:    ^'ierteljschr.  f.  ger. 

de  Paris,  1878,  2  s.,  xiv.,  89.  Med.,  1894,  3  F.,  viii.,  Supplhft.  54. 

*  Jahrb.     d.     ges.     Staatsarznk.,  »  Arch.  g^n.  d.  M.,  1826,  xi.,  104, 

1837,  iii.,  146.  ex  Orfila:  "Tox.,"  oeme  ed.,  i.,  172. 

'Maschka:     Vierteljschr.    f.    ger.  '"Van    den    Broeck:    Gaz.   mM. 

Med.,  1881,  n.  F  ,  xxxiv.,  197.     Che-  Beige,  1847,  v.,  94  (Affaire  Denisty; 

vallier    and    OUivier:    Ann.    d'hyg.,  HCl).      Buchner:  Friedr.  Bl.  f.  gM. 

etc.,   1845,  xxxiii.,   179.     Maschka:  Med.,     1866,     xvii.,     192    (HNOj). 

Allg.  Wien.  med.  Ztg.,   1880,  xxv.,  Riecker:    Zeitschr.   f.   Staatss  -'' 

31.3.  1S43,  32  Erghft.,  284  (H^SO.) 
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died  on  the  third  day,  after  having  aborted  the  previous  day. 
The  other  was  delivered  of  a  dead  immature  foetus  two  months 
later  and  died  in  three  months  of  pyloric  stenosis.^  Among 
Hedr6n's^  1,394  cases  of  abortion  sulfuric  and  nitric  acids  were 
each  used  once  only.  In  both  cases  the  woman  aborted  and 
survived. 

In  an  early  case  nitric  acid  mixed  with  wine  was  poured  down 
the  throat  of  a  woman  during  a  debauch  and  caused  her  death.' 
A  man  was  induced  to  take  sulfuric  acid  upon  sugar,  which  was 
blackened  by  the  action  of  the  acid,  under  the  representation 
that  it  was  a  medicine.  Although  the  injuries  were  severe,  the 
man  recovered.*  In  1823  a  man  in  Strasbourg  attempted  to  kill 
his  wife,  first  by  tartar  emetic  and  afterward  by  sulfuric  acid  in 
syrup,  administered  under  the  pi'etense  that  they  were  medicines.^ 
In  two  instances  concentrated  sulfuric  acid  was  administered  un- 
mixed with  other  substances  to  adults  in  the  full  possession  of 
their  faculties,  they,  however,  believing  that  they  were  about  to 
receive  medicine.  Both  were  successful  husband  murders.  In 
one  the  acid  was  given  in  a  spoon,  which  was  passed  well  back 
into  the  mouth  before  its  contents  were  discharged."  In  the 
other  the  acid  was  injected  into  the  rectum.'  An  unsuccessful 
attempt  at  administration  of  sulfuric  acid  to  a  woman  is  related 
by  Taylor:*  A  woman  gave,  "while  acting  as  nurse  to  the  wife 
of  a  man  with  whom  she  was  cohabiting,  some  oil  of  vitriol  in 
a  wineglass,  representing  it  to  be  castor  oil.  The  woman  re- 
quested that  some  water  might  be  put  in  it.  This  was  done, 
but  the  glass  became  suddenly  so  hot  that  the  woman  could  not 
hold  it.  She  put  it  to  her  lips,  which  were  burnt  by  it,  but  she 
did  not  swallow  any.  The  glass  was  handed  back  to  the  ac- 
cused, who  threw  the  contents  away  and  washed  out  the  glass. 
But  for  the  clear  description  of  the  effect  of  adding  water  to  the 
liquid,  the  nature  of  the  poison  would  not  have  been  known,  as 
after  the  occurrence  no  oil  of  vitriol  was  found.     The  poisoner 

■  Casper-Liman:  "Handb.  d.  ger.  ''Bull.  Soc.  de  m^d.,  Jan.,   1830; 

Med.,"  8te  Aufl.,  ii.,  460.     Egger:  ea;  Leconte:     These,  Strasb.,  1855,  p. 

Friedreich's  Bl.,  1900,  li.,  241.  26. 

"  Vrtljschr.  i.    ger.    Med.,     1905,  "  Hager,    in    Gross:    "Die    Straf- 

3  F.  xxix.,  Suph.  61.  rechtspflege  in  Deutschland,"  1861, 

"Tartra:     "Traits    de    I'emp.    p.  Heft i.,  p.  181;  e.r  Maschka:  "Handb. 

I'ac.  nitrique,"  Paris,  An  x.  (1802),  d.  ger.  M.,"  ii.,  86. 
p.  87.  '  Leconte:  Loc.  cit.,  p.  27. 

*Maschka:    "Gutacht.    Prag.    m.  »  "Poisons,"  3d  Am.  ed.,  164.  ■ 

Fak.,"  1853,  i.,  38. 
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was  acquitted  on  the  ground  that  she  might  have  made  a  mis- 
take. She  was  subsequentl}'  convicted  and  executed  for  poison- 
ing" (Reg.  V.  Catharine  Wilson,  1862).  A  man  died  in  fourteen 
weeks  from  the  secondary  effects  of  sulfuric  acid,  administered  in 
beer.'  Three  other  attempts  at  murder  by  mineral  acids  mixed 
with  beverages  proved  unsuccessful:  One  was  the  Dutch  case  al- 
ready referred  to.^  The  other  two  are  referred  to  by  Taylor.' 
In  Reg.  V.  Hartley  (1850)  the  prisoner,  a  girl,  was  charged  with 
attempting  to  administer  oil  of  vitriol  to  her  father  in  coffee. 
In  Reg.  V.  Somers  (1866)  a  girl  of  twelve  years  was  charged  with 
administering  hydrochloric  acid  to  her  mistress  in  beer.  Two 
instances  of  attempted  wife  murder  by  repeated  administration 
of  small  doses  of  sulfuric  acid  are  recorded.  One  is  an  early  case 
(1701)  reported  by  Valentine,*  in  which  two  ounces  of  the  acid 
were  given  in  brandy,  under  the  disguise  of  medicine,  during 
three  weeks,  from  the  effects  of  which  the  woman  died.  The 
second,  an  unsuccessful  attempt,  was  the  subject  of  a  criminal 
trial  at  Belfast  in  1883.^  The  acid  was  given  in  port  wine,  a 
sample  of  which  was  found  on  analysis  to  contain  12.5  per  cent, 
of  the  acid.  Possibly  arsenic  was  also  given.  Casper"  relates  a 
case  of  "murder  voluntarily  submitted  to,"  a  double  suicide, 
psychologically  interesting,  in  which  a  twenty-year-old  girl  died 
from  sulfuric  acid  administered  by  her  lover.  A  woman,  into 
whose  face  half  a  litre  of  oil  of  vitriol  was  thrown,  screamed,  and 
in  so  doing  swallowed  some  of  the  acid,  from  the  effects  of 
which  she  died  the  next  day.'' 

Notwithstanding  the  extreme  pain  and  the  sometimes  linger- 
ing death  caused  by  the  mineral  acids,  suicides  apparently 
resort  to  them  quite  frequently  in  European  countries.  In  Eng- 
land and  Wales  (1871-80)  17  per  cent,  of  the  suicides  by  poi- 
son were  caused  by  mineral  acids;*  in  Vienna  (1874-75),  14.17 
per   cent.;   in  Prussia    (1869)    17.47    per   cent.     According  to 

'Mansbach:     Munch,     med.  '  Burgl:    Friedreich's    Bl.  f.  ger. 

Wehnschr.,  1902,  xHx.,  904.  Med.,  1902,  liii.,  447. 

^  See  p.  229.  « The      frequent     occurrence    of 

'"Poisons,"    3d    Am.    ed.,    163,  death  by  these  agents  in  England  at 

220.  the  present  time  is  shown  by  the 

'"Novellae    Med.-leg.,"    Francof.,  fact  that  in  the  single  year  1908  the 

1711,  p.  588,  Cas.  29.  Pharm.  J.  reported  46  coroners' cases 

'  Reg.  V.  Sorroghan,  Ulster  Winter  by  mineral  acids,  of  which  41  ivere 

Assizes,  1883,  Lancet,   1884,  i.,  226.  by  hydrochloric  acid,  4  by  sulfuric, 

»  Casper-Liman :    Handb.    d.    ger.  and  one  by  nitric. 
Med.,  8te  Aufl.,  ii.,  472. 
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Schmiedel,  of  111  poisonings  treated  at  the  Charite,  in  Berlin 
(1874-80),  65  were  by  sulfuric  acid.^  Suicides  by  mineral  acids 
are  also  of  frequent  occurrence  in  Denmark^  and  in  Finland.^ 
In  the  United  States  these  agents  seem  to  be  less  frequently  re- 
sorted to  by  suicides.  Thus  only  1.82  per  cent,  of  the  suicides 
by  poison  in  New  York  City  (1866-80)  were  by  mineral  acids. 
Sulfuric  acid  is  more  frequently  taken  by  women  than  by  men 
(men  38.8  per  cent.,  women  61.2  per  cent.),  while  the  reverse  is 
the  case  with  nitric  acid  (men  60.7  per  cent.,  women  39.3  per 
cent.)  and  hydrochloric  acid  (men  53.1  per  cent.,  women  46.9 
per  cent.). 

Accidental  cases  have  resulted  usually  from  the  careless  ex- 
posure of  the  acid  within  the  reach  of  children  or  by  the  acid 
being  taken  in  mistake  for  spirits,  beer,  medicine,  or  even  water. 
In  seven  cases  sulfuric  acid  was  taken  by  pregnant  females  to 
cause  abortion,  six  times  by  the  mouth*  and  once  by  injection  into 
the  vagina.^  In  one  case  hydrochloric  acid  was  poured  into  the 
vagina.  It  produced  atresia,  but  not  abortion.  *"  Four  of  the 
women  aborted,  and  five  of  th6m  died.  Two  cases  are  also  re- 
ported in  which  women  took  nitric  acid  for  the  like  purpose  and 
died  without  aborting.'  In  four  instances  sulfuric  acid  was  ad- 
ministered in  enemata  by  mistake.'  And  in  an  early  case  the 
sanie  acid  was  even  given  by  a  medical  student  as  a  cure  for 
toothache. °  Operatives  about  storage  batteries,  etc.,  are  sub- 
ject to  injury  from  inhalation  of  the  finely  sprayed  acid  which 
is  given  off  with  the  escaping  gas. ^° 

'Friedreich's    Bl.    f.    ger.    Med.,  '  Schauenburg:   Vrtljschr.  f.   ger. 

1882,  xxxiii.,   121:  oxalic  acid,   14;  Med.,    etc.,    1873,    n.   F.,  xvi.,    52; 

phosphorus,  32.  Warren:  Am.  J.  Med.  Sc,  1850,  July, 

^  Trier:  "Hosp.-Meddelelser,"  p.  36.     Buchner:    Friedreich's    Bl. 

Kjob.,  1851,  iv.,  1-28;  1852,  v.  f.  ger.  Med.,   1866,  xvii.,  192,  says 

^  Fagerlund:     Vrtljschr.     f.     ger.  that  nitric  acid  is  frequently  used  for 

Med.,  1894,  3  F.,  viii.,  Splheft.,  48.  this  purpose;  and  TomeIIini:Riforma 

*Schlegel:   Material   f.  d.  Staats-  Med.,    1906,   xxii.,  1404,  makes  the 

wissensch.,     1800,    i.,     140;    Carus:  same  statement  in  Italy. 

Gemeins.  deut.  Ztschr.  f.-  Geburtsk.,  '  Jour.  d.  chim.  m^d.,  etc.,  1835, 

1828,  ii.,  37;  Ricker:  Hencke's  2  s.,  i.,  425.     Deutsch:  Preuss.  med. 

Zeitschr.   f.    d.    Staatsarznk.,    1843,  Ver.  Ztg.,  1848,  No.  13.     Hofmann: 

32  Erg.  H.,  284;Fagerlund:Z/oc. c^.,  "Lehrb.  d.  ger.  M.,"  5te  Aufl.,  648. 

54;  Hedr^n:  Vrtljschr.  f.  ger.  Med.,  '  Tulpius:  "Obs.  Med.,"  L.  iii.,  c. 

1905,  3  F.,  xxix.,  Suppl.  61.  43,  p.  254. 

'Lombard:  Jour,  de  chim.  m6d.,  '"  Wutzdorff:  Arb.  a.  d.  K.    Ges., 

etc.,  1831,  vii.,  312.  1898,  xv.,  1540. 

°   Beenk:  Jhbt.  u.  d.  Fortschr.  d. 
Geb.,  1893,  858. 
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Lethal  Dose — Concentration. 

The  absolute  quantity  of  any  of  the  mineral  acids  capable  of 
causing  death  cannot  be  stated.  The  violence  of  the  action  de- 
pends more  upon  the  degree  of  concentration,  the  age  and  con- 
dition of  the  person  affected,  and  the  part  most  seriously  at- 
tacked, than  upon  the  absolute  quantity  taken.  Cases  are  not 
wanting,  however,  in  which  diluted  acids  have  caused  death. 
Indeed,  the  absolute  degree  of  concentration  of  the  acid  is  stated 
in  but  few  cases,  and  it  is  probable  that,  as  generally  sold  by 
apothecaries,  it  is  more  dilute  than  that  met  with  in  chemical 
laboratories  and  factories.  The  "oleum,"  or  commercial  oil  of 
vitriol  referred  to  in  German  cases,  is  a  dilute  acid  (6:1);  and 
in  that  country  sulfuric  acid  sold  at  retail  must  be  diluted  with 
five  parts  of  water,  the  purpose  of  the  regulation  being  to  avoid 
accidents.'  An  instance  is  reported  by  Heginbotham^  in  which 
a  man  of  fifty  years  died  in  two  and  one-half  hours  after  swal- 
lowing 22  c.c.  (3vi.)  of  sulfuric  acid  (specific  gravity  1.843), 
diluted  with  66  c.c.  (5xviij.)  of  water.  A  woman  died  in  two 
months  from  the  effects  of  two  swallows  of  a  mixture  of  one 
volume  of  sulfuric  acid  and  four  volumes  of  water. ^  Fern- 
bacher*  refers  to  the  case  of  a  man  of  nineteen  years  who  died 
in  eleven  days  from  swallowing  100  c.c.  (B3|)  of  the  same  acid 
diluted  with  water  in  the  proportion  of  one  to  five;  and  in  one 
of  Mannkopf's  cases^  a  woman  of  twenty-four  years  died  in 
eight  weeks  after  taking  from  15  to  20  c.c.  (BJ  — |)  of  the  same 
acid,  also  diluted  with  five  volumes  of  water. 

Sulfuric  acid  has  caused  the  death  of  adults  in  doses  of  3.7 
gm.  (oi.)  in  two  instances,"  and  hydrochloric  acid  in  the  same 
quantity  in  two  cases.''  The  smallest  quantity  of  nitric  acid 
known  to  have  caused  the  death  of  an  adult  was  in  a  case  re- 
ported by  Warren,^  in  which  a  woman  of  thirty-seven  years 

•  Casper-Liman:  "Handb.  d.  ger.  Gaz.,     1890-91,     x.,     299.     In   the 

Med.,"  8te  Aufl.,  461,  467.  early  case  of  Consbruch  (J.  d.  pr. 

"  Med.  Times  and  Gaz.,   1863,  i.,  Arznk.   u.    Wundarznk.,    1798,  vii., 

183.  2  St.,  18)  the  accuracy  of  the  dose 

'Wyss:    Arch.    d.    Heilk.,    1869,  given  (twenty  drops)  is  questionable. 

>;-.  1^4.  '  Johnson:  Brit.  Med.  Jour.,  1871, 

'  Diss.,  Miinchen,  1890,  p.  8.  i.,  221,  girl,  15  D.  in  10  hrs.;  Gilbart 

"  Wien.  med.  Wochtoschr.,  1S62,  Smith:  Proc.  M.  Soc.  London,  1879- 

564.  S),  v.,  225,  boy  6i  D.  in  17  hrs. 

°Christison:     Am.      ed.,      131.  "  Extra.  Rec.  Bost.  Soc.  M.  Impr., 

Whitton   and   Turner:    .Vustral.    M.  1853,  i.,  78. 
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accidentally  took  12  gm.  (5iij.))  of  which  some  was  spit  out, 
and  died  in  thirteen  days.  Children  have  been  destroyed  by 
less  quantities  of  sulfuric  and  nitric  acids.  In  a  case  reported 
by  Liman'  a  child  of  two  months  died  in  twenty-eight  and  one- 
half  hours  after  the  administration  of  half  a  teaspoonful  (1.8  c.c.) 
of  sulfuric  acid;  and  in  a  case  of  Maschka's  a  two-year-old  boy 
died  in  seventeen  days  from  the  effects  of  the  same  quantity  of 
the  same  acid.^  Beyerlein^  reports  the  case  of  a  girl  of  two  and 
one-half  years  who  died  in  eighteen  hours  from  the  effects  of 
3.7  c.c.  (oi.)  of  hydrochloric  acid.  We  find  no  record  of  a  child 
having  been  destroyed  by  less  than  7.5  c.c.  (5ij-)  of  nitric  acid, 
which  quantity  caused  the  death  of  a  boy  of  six  months  in  twenty- 
four  hours  in  a  case  reported  by  Buchner.^  Yet  Wunderlich  re- 
ported the  death  of  a  girl  of  seventeen  from  half  that  quantity.^ 
On  the  other  hand,  both  adults  and  children  have  taken  nota- 
bly larger  quantities  of  sulfuric  acid  and  have  not  died  within 
the  period  covered  by  the  reports.  Brettner^  relates  the  case  of 
a  young  woman  who  took  250  c.c.  (Bviiiss.)  of  sulfuric  acid  with 
suicidal  intent.  In  seven  days  she  could  swallow  and  retain 
liquids.  In  one  of  Mendelsohn's  cases^  a  woman  of  twenty- 
four  years  attempted  suicide  by  swallowing  a  cupful  (Siv.  =  118 
c.c.)  of  sulfuric  acid.  At  the  time  of  the  report,  eight  days  after 
the  injury,  she  was  in  a  fair  way  to  recovery.  In  a  case  re- 
ported by  Correa  de  Serra^  a  woman  took  by  mistake  75-90  c.c. 
(Biiss.-iij.)  of  the  acid  on  June  5th,  and  was  under  observation 
to  the  end  of  October,  after  which  she  was  not  seen  by  the  re- 
porter. In  these  cases,  however,  there  is  no  evidence  that  death 
did  not  occur  later  from  the  secondary  effects,  an  event  the  prob- 
ability of  which  is  not  remote.  Several  cases  of  recovery  after 
taking  60  c.c.  (5ij-)  or  a  "wineglassful")  of  the  acid  have  been 

'  Vrtljschr.    f.   ger.    M.,    1865,    n.  an  application  of  the  concentrated 

F.,  iii.,  89.  acid   to    the    mouth,    the    quantity 

^  SammL     Gutacht.    Prag.     med.  must  have  been  less  tlian  this  and 

Fak.,  1858,  2  F.,  224.     In  another  very  small,  yet  the  oesophagus  was 

of  Maschka's  cases  a  woman  stated  corroded      throughout     and     there 

that   she   had   destroyed   her   child  were   eschars  in  the  stomach  (Tar- 

with    two    drops    of    sulfiu-io    acid,  dieu:  "Emp. "  2e.  ed.,  241). 
but   the    quantity   given,    although  *  Arch.  d.  Heilk.,  1863,  iv.,  183. 

small,  was  certainly  greater.  "  Med.  mod.,  1890,  i.,  261. 

'Friedreich's    Bl.    f.    ger.    Med.,  'Charity    Ann.    (1885-86),    1887, 

1890,  xli.,  31.  xii.,  183  (Case  VII.). 

*  Friedreich's    Bl.    f .    ger.    Med.,  *  Jour.  d.  chim.  m^d.,  etc.,  1826, 

1866,  xvii.,  187.     In  the  case  of  a  ii.,  209. 
child  of  fifteen  days  which  died  from 
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reported/  in  one  of  which^  a  woman  of  twenty-six  years  at- 
tempted suicide  by  swallowing  a  glassful  of  sulfuric  acid.  Two 
years  later  she  was  still  living  as  a  nurse  at  the  Maternity,  and 
although  not  well  nourished,  was  capable  of  performing  her  du- 
ties. She  had  three  oesophageal  constrictions  which  were  held 
in  check  by  daily  passage  of  the  sound.  Letheby  has  reported' 
an  instance  in  which  a  boy  of  nine  years  swallowed  30  c.c. 
(5i.)  of  sulfuric  acid,  and,  after  suffering  severely  for  five  days, 
gradually  recovered.  The  same  author  has  also-  recorded^  the 
case  of  a  boy  of  six  years  who  took  15  c.c.  (5ss.)  of  the  acid,  al- 
though it  is  believed  that  not  much  reached  the  stomach,  and 
slowly  recovered.  Galtier^  cites  an  observation  of  Leuret  of  a 
man  of  eighteen  years  who  recovered  after  an  attempt  at  suicide 
by  60  gm.  (Bij.)  of  commercial  nitric  acid.  We  can  find  rec- 
ord of  but  one  case  in  which  a  child  has  recovered  from  the 
effects  of  nitric  acid,  and  in  that  the  amount  of  the  dose  is  not 
stated;"  and  but  one  case  in  which  a  child  recovered  after  tak- 
ing hydrochloric  acid.  In  this  the  dose  was  only  "a  drop  or 
two."^  Atkinson*  has  reported  a' recovery  of  a  woman  of  forty- 
five  years,  from  the  primary  effects  of  a  dose  of  about  60  c.c. 
(5ij.)  of  hydrochloric  acid. 

Duration. 

The  mineral  acids  may  cause  death  within  a  few  hours  by 
the  intensity  of  their  local  action  from  peritonitis,  shock,  hem- 
orrhage, or  suffocation,  due  to  destruction  of  tissue;  or  death 
may  result  in  several  days  from  a  combination  of  the  local  ac- 
tion, less  destructive  than  in  rapidly  fatal  cases,  with  true  poi- 
soning consequent  upon  the  absorption  of  the  acid;  or  the  fatal 
result  may  be  delayed  for  months,  and  finally  result  from  inani- 
tion due  to  interference  with  digestion  and  absorption  by  the 
lesions  caused  or  provoked  by  the  local  action  of  the  corrosive. 

1  Johnson:  Lond.  Med.  Gaz.,  1828-  '  Lancet,  1847,  i.,  43. 

29,   iii.,   253,   F.    19.   S.     Crawford:  ■•  Med.  Times,  Lond.,  1850,  n.  s,, 

M.  T.  and  Gaz.,  1.S67,  i.,  182,  F.  38,  i.,  .58. 

S.  Desgranges:  Rec.  per.  d.  L  Soc.  d.  '  "  Toxicologie,"  i.,  154. 

m^d.,  Paris,  An.  vii.,  vi.,  3,  M.  ad.  "  Huber:  Ztschr.  f.  kl.  Med.,  1888, 

A.     Tott:  Jour.   d.   pr.   Hlk.,    1837,  xiv.,  502,  F.  14m,  A. 

Ixxiv.,  1st.,  116,  F.  ad.  A.  'Austral.   Med.   Jour.,   1880,  ii-, 

^  Maurel-Lavall^e,  Mausi^re:"Sur  110. 

les   retr^cissements   intrinsiques   de  '  8an  Francisco  Med.  Press,  1860, 

I'cesophage,"  Th.  Paris,  1865,  p.  94.  i.',  19. 
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The  relative  frequency  of  different  periods  of  duration  of 
fatal  cases  is  shown  in  the  following  table,  computed  from  cases 
reported  in  medical  literature: 
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The  shortest  duration  was  in  a  case  referred  to  by  Thomson/ 
in  which  a  child,  while  attempting  to  swallow  strong  sulfuric 
acid  in  mistake  for  water,  died  almost  immediately,  to  all  ap- 
pearances from  suffocation  due  to  the  action  of  the  acid  upon 
the  glottis.  None  of  the  acid  had  reached  the  stomach.  In  a 
case  of  corrosion  by  nitric  acid,  a  new-born  infant  died  in  about 
half  an  hour.^  Sulfuric  acid  in  the  quantity  of  104  c.c.  (Biiiss.) 
caused  the  death  of  a  man  of  fifty  years  in  three-quarters  of  an 
hour.^  The  same  acid  has  caused  death  in  one  hour  in  four 
cases:  in  one  a  man  committed  suicide  by  swallowing  about  60 
c.c.  (5ij.)  of  the  acid;^  in  another  a  woman  died  in  great  agony 
in  one  hour  after  accidentally  taking  a  wineglassful  of  acid,  of 
specific  gravity  1.833;^  and  in  still  another  a  man  of  forty-eight 
years  died  in  collapse  in  an  hour  after  taking  an  unknown  quan- 
tity." A  woman  destroyed  her  husband  in  one  hour  by  an  in- 
jection of  sulfuric  acid  into  the  rectum.'  The  shortest  duration 
of  fatal  corrosion  by  hydrochloric  acid  was  two  hours  in  two 
cases:  both  of  women  who  took  it  with  sucidal  intent.^  Fauvel 
reports  the  case  of  a  man  of  thirty  years  who  suicided  by  taking 
about  a  glassful  of  a  highly  acid  solution  of  mercuric  nitrate 
containing  hydrochloric  acid,  and  died  in  two  and  three-quar- 
ters hours. ° 

When  death  results  from  the  primary  action  of  the  acid  it 


'  Lancet,  1836-37,  ii.,  835. 

^  Buchner:  Friedreich's  BI.  f.  ger. 
Med.,  1886,  xxxvii.,  9. 

=  Rapp:  Gaz.  m6d.  de  Paris,  1850, 
3  s.,  v.,  926. 

*  Bell:  Canada  M.  Jour.,  1868, 
iv.,  53. 

5  Traill:  Monthly  J.  M.  Sc, 
Edinb.,  1854,  xix.,  138. 


''White:  Tr.  Path.  Soc.  Lond., 
1882-83,  xxxiv.,  96. 

'  Lefconte:  Th^se,  Strasb.,  1855. 

«M.  J.:  Friedreich's  Bl.  f.  ger. 
Med.,  1858,  ix.,  6  Heft,  70.  Deutsch: 
Med.  Ztg.,  Berlin,  1855,  xxiv.,  227. 

"Tardieu:  "Emp.,"  2eme  ed., 
236. 
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usually  occurs  within  forty-eight  hours  after  the  beginning  of 
the  action.     But  a  longer  duration  has  been  observed  in  some 
cases.     Thus  a  man  of   fifty-six   years  died  suddenly  on  the 
fourth  day  after  having  taken  a  dessertspoonful  of  sulfuric  acid.' 
Legg  and  Ormerod  report  the  case  of  a  man  of  twenty-one  years 
who  died  in  great  agony  five  days  after  taking  an  unknown 
quantity  of  the  same  acid.^     Huber  gives  a  case  in  which  death 
occurred  on  the  seventh  day;^  one  in  which  the  patient  died  in 
sixteen  days  from  the  primary  effects  of  60  c.c.  (5ij-)  of  sulfuric 
acid  occurred  in  the  service  of  Dr.  Jenner;*  and  Mascarel  reports 
a  case  whose  duration  was  twenty-one  days.^     In  some  instance 
sulfuric  acid  has  also  caused  death  by  pleuro-pneumonia  in  from 
ten  to  twenty  days.^     Cases  of  death  from  the  primary  action  of 
hydrochloric  acid  in  four  and  seven  days/  and  similarly  from 
nitric  acid  in  eight  and  thirteen  days/  are  also  reported.    When 
death  is  due  to  starvation  from  the  secondary  effects  of  the  ac- 
tion of  the  acid  the  duration  may  be  much  longer.     Thus  cases 
of  eleven,  fifteen,  and  eighteen  months'  duration  in  which  death 
was  caused  by  sulfuric  acid  are  recorded.  °     In  one  case  of  death 
from  hydrochloric  acid  the  victim  survived  for  more  than  four 
months.^"     A  man  died  in  four  months  and  twenty-two  days 
after  taking  a  mouthful  of  the  same  acid."     A  girl  of  nineteen 
suffered  from  an  oesophageal  stricture  caused  by  sulfuric  acid, 
and  died  in  seventeen  months/^  and  a  woman  only  succumbed 
to  the  effects  of  nitric  acid  in  two  years.     It  is  highly  probable 
that  instances  of  still  longer  duration,  terminating  finally  in  death 
attributable  to  the  action  of  each  of  the  three  acids,  have  es- 
caped observation. ''^ 

'  Guy's  Hosp.  Rep.,  1859,  134.  'Erichsen:   St.   Pet.   m.  Ztschr, 

=  yt.    Barth.    Hosp.    Rep.,    1876,  1867,  xii.,  225.  Warren:  Extr.  Rec. 

xii-,  261.  Bost.  Soc.  iM.  Impr.,  1853,  i.,  78. 

==  Ztsch.  f.  kl.  M.,  1888,  xiv.,  490.  »  Peters:  Bull.  Soc.  d'anat.,  Paris, 

*  Med.  T.  and  Gaz.,  1S57,  xv.,  629.  1855,  xxx.,  153.     Kuhn:  Diss.,  Ber- 

^  Bull.  Soc.  d'anat.,  Paris,   1840,  lin,  1838,  p.  9.     Katz:  Diss.,  Berlin, 

XV.,  299.  1872,  p.  25. 

"Smoler:  Wien.  med.  Halle,  1861,  ">  E^-art:    New    Zeal.    M.   Jour, 

ii.,  434.     Maschka:Samml.  Gutacht.  1888-89   ii.   241. 

Prag.    med.   Fak.,  1858,    2  F.,  224.  "  Gehle:    Berl.   kl.   Wochenschr.,    i 

Barth:    Bull.    Soc.    d'anat.,    Paris,  1884,  xxi.    337.                              '  i 

1853,  xxviii.,  103.  -^  ^^^j,:  Diss.,  Berlin,  1872. 

'St.   Geo.   Hosp.   Rep.,   1S77-7S,  "  See  case  cited  by  Tardieu  (ot 

ix.,   18.  V.  Wundschheim:  Prag.  m.  iv.):  "Emp.,"  2eme  ed.,  239. 

Wchnsohr.,  1891,  xvi.,  605. 
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Treatment. 
The  treatment  indicated  is  the  same  whether  sulfuric,  nitric, 
or  hydrochloric  acid  has  been  taken.  As  the  action  of  the  acid 
begins  at  once  and  is  the  most  energetic  when  it  first  comes  in 
contact  with  the  tissues,  treatment  must  be  as  expeditious  as 
possible,  and  although  cases  have  occurred  in  which  the  patient 
has  recovered  without  any  treatment,  many  have  died  from  the 
effects  of  relatively  small  doses  who  might  have  been  saved  by 
the  timely  administration  of  antidotes.  The  immediate  indica- 
tions are  two:  viz.,  to  neutralize  and  to  dilute  the  acid.  The 
latter  object  is  best  attained  by  giving  milk  in  large  quantity, 
which  also  aids  in  neutralizing  the  acid  by  its  alkalinity.  The 
safest,  although  not  the  most  rapidly  acting,  agent  to  fulfill  the 
former  indication  is  magnesium  oxid  (magnesia  usta)  or  pref- 
erably precipitated  magnesium  hydroxid  (milk  of  magnesia). 
Soap  may  also  be  used,  and  acts  by  virtue  of  the  alkaline  base 
which  it  contains.  The  carbonates  and  bicarbonates  of  sodium, 
postassium,  calcium  (chalk),  and  magnesium  have  also  been  fre- 
quently used  and  are  generally  recommended.  Their  introduc- 
tion, however,  into  a  stomach  whose  walls  are  thinned  in  places 
by  corrosion  cannot  be  unattended  with  the  danger  that  the 
sudden  generation  of  a  large  volume  of  gaseous  carbon  dioxid 
from  the  decomposition  of  the  carbonate  may  cause  perforation. 
Although  we  know  of  no  reported  case  in  which  the  death  has 
been  directly  attributed  to  this  cause,  there  are  some  in  which 
perforation  of  the  stomach  would  seem  to  have  been  aided  at 
least  by  the  exhibition  of  a  carbonate.'  It  is  true  that  the 
carbonates  are  more  prompt  in  their  action  than  the  dry  pow- 
dered magnesia,  and  that  the  latter  has  been  found  in  the 
vomited  matters,  while  these  still  retained  a  strongly  acid  reac- 
tion,^ but  in  Walker's  case  above  cited  the  contents  of  the  in- 
testine were  found  to  be  strongly  acid  although  magnesium  car- 
bonate had  been  given.  Swallowing  is  frequently  difficult  or 
impossible.  When  this  is  the  case  cocain  may  control  the  pain 
sufficiently  to  permit  deglutition.  The  administration  of  emet- 
ics is  distinctly  contraindicated.     The  introduction  of  the  stom- 

•  Thomas:   Austral.   M.   J.,    1891,      viii.,  supplhft.,  56.     Walker:  Mthly. 
n.    s.,    xiii.,    542.    Fagerlund:  Vier-       J.  M.  S.,  1850,  x.,  538. 
teljschr.     f.     ger.     M.,    1894,    3    F.,  ^  Taylor:  "Poisons,"  3d  Am.  ed., 

195, 
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ach-tube  is  always  attended  with  danger  of  perforation  of  the 
oesophagus  or  stomach,  and  in  a  French  case  death  appears  to 
have  resulted  from  the  introduction  of  the  tube  into  the  larynx  m 
a  violently  resisting  suicide.'  Even  when  the  stomach  and  ceso- 
phagus  were  not  wounded  by  the  tube,  death  has  been  caused  by 
its  introduction  in  a  patient  having  a  fatty  heart.^  When  the 
stomach-tube  is  resorted  to,  the  directions  of  Kronig^  should  be 
followed:  20  to  30  c.c.  of  warm  oil  are  first  injected  into  and 
through  the  oesophagus  with  a  15  cm.  N61aton's  catheter. 
The  well-oiled  stomach-tube,  which  should  be  as  soft  and  thin  of 
wall  as  possible,  is  then  introduced  with  as  little  pressure  as 
may  be.  Not  more  than  a  quarter  to  a  third  of  a  liter  of  wash 
liquid,  preferably  milk  holding  magnesia  in  suspension,  is  then 
passed  into  the  stomach  with  just  sufficient  elevation  of  the  outer 
end  of  the  tube  to  carry  the  liquid  in,  and  in  a  few  minutes  re- 
moved by  slow  depression  of  the  tube.  The  lavage  should  be 
repeated  until  the  washings  come  away  clear  and  neutral.  Cases 
in  which  this  method  of  treatment  was  successfully  followed, 
even  when  a  large  quantity  of  the  acid  had  been  taken,  have  been 
reported  by  Mendelsohn,*  by  Brettner,^  and  by  Kr6nig.°  The 
destructive  effects  of  the  corrosive  are  less  violent  when  the  acid 
has  been  mixed  with  food  articles  or  taken  into  a  stomach  con- 
taining food  than  when  it  is  taken  in  its  own  form  into  an  empty 
stomach.  The  acid  is  also  similarly  partly  neutrahzed  and 
diluted  when  gruel,  milk,  or  other  liquid  or  semi-liquid  foods  are 
given  after  the  corrosive  has  been  swallowed.  Gutman^  observed 
that  a  gargle  of  salicylic  acid  diminished  the  pain  in  the  mouth 
and  throat  and  caused  speedy  cicatrization  of  the  wounds  there 
produced  by  the  acid.  He  also  recommends  its  internal  admin- 
istration to  the  same  end.  Narcotics  are  indicated  to  control  the 
pain,  and  ice  in  fragments  for  the  same  purpose  as  well  as  to  relieve 
the  intense  thirst.  In  collapse  stimulants  should  be  given,  and 
the  body  temperature  should  be  raised  by  the  hot  pack  or  by 
hot-water  bags.  When  death  from  suffocation  is  threatened 
tracheotomy  should  be  performed.     In  a  case  reported  by  Pat- 

'  Davezac   and   Micheleau:   J.   de  «  Charity    Ann.    (1885-86),   1SS7, 

m^d.  de    Bordeaux,    1903,    xxxiii.,  xii,,  183. 

398.  s  Med.  moderne,  1890,  i.,  261. 

=  Bundy:  N.  Y.  Med.  Rec,  1884,  "  Loc.  cit. 

xxvi.,  504.  »  Wien.   med.  Presse,   1878,  xk., 

^Therap.  d.  Gegenwart,   1899,  n.  153. 
F.  i.,  101. 
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terson'  the  action  of  a  small  quantity  of  sulfuric  acid  did  not  ex- 
tend to  the  stomach,  and  after  the  relief  of  serious  interference 
with  respiration  by  tracheotomy  the  case  progressed  favorably. 
Those  in  whom  the  secondary  effects  of  the  strong  acids  are 
manifested  are  subjects  for  surgical  treatment,  although  life  may 
be  maintained  for  a  time  by  nutritive  pancreatized  enemata,  or, 
if  the  strictures  be  limited  to  the  oesophagus,  by  daily  dilation 
with  the  sound.  The  operations  of  gastrostomy,  with  or  without 
retrograde  dilatation,  for  relief  of  cardiac  or  oesophageal  stricture, 
or  of  gastroenterostomy,  pyloroplasty,  or  resection  of  the  pylorus 
for  pyloric  stricture  due  to  the  action  of  mineral  acids  have  been 
made  in  several  cases  with  a  large  percentage  of  successful 
results.  Mauclaire^  recommends  the  immediate  performance 
of  "exploratory  gastrostomy"  in  all  serious  cases  of  corrosion.^ 


'  Glasg.  M.  J.,  1879,  xii.,  390. 

^  Loc.  cit. 

^  Oastrostomy . — HjSO^ — Aigre: 
France  mi5d.,  1878,  xxv.,  577,  R.; 
Bryant:  Lancet,  1881,  i.,  572,  R.; 
Schattauer:  Centbl.  f.  Chir.,  1884, 
xi.,  95,  R.;  Masing:  St.  Pet.  med. 
Wchnschr.,  1885,  n.  F.,  ii.,  310,  D.; 
Caponotto:  Cbl.  f.  Chir.,  1885,  xii., 
446,  R.;  Soldani:  Lo  Sper.,  1887, 
lix.,  243,  R.;  Hagenbach:  Corr.-Bl. 
f.  schweiz.  Aerzte,  1889,  xix.,  129, 
R.;  Tietze:  Deut.  med.  Wchnschr., 
1894,  XX.,  383,  R.;  HCl— Hadden: 
Tr.  Path.  Soc,  London,  1889-90, 
xii.,  84,  D.;  Duncan:  Lancet,  1890,  i., 
797,  D.;  Mauclaire:  Bull.  Soc.  anat. 
de  Paris,  1902,  Ixxvii.,  785,  D.; 
Lovell-Keays:  Brit.  M.  J.,  1902,  ii., 
617;  Noever:  Presse  m^d.  beige, 
1909,  Ixi.,  10,  R.;  Geissler:  Vrtlj.  f. 
ger.  Med.,  1909,  3  F.,  xxxviii.,  74,  D. 
Resection. — HjSOj — Kohler:  Charite 
Ann.  (1886),  1888,  xiii.,  538,  and 
Mendelsohn:  ibid.,  1887,  xii.,  183, 
D.;  Koehler:  Deut.  med.  Wchnschr., 
1890,  xvi.,  783,  D.;  v.  Eiselberg: 
Arch..f.  kl.  Chir.,  1889,  xxxix.,  802, 
R.;  Mickulicz:  ibid.,  1896,  Ii.,  9,  R.; 
Monprofit:  Arch.  prov.  de  chir., 
1898,  vii.,  50,  R.  Pyloroplasty. — 
HCl— Bardeleben:  Berl.  kl.  Wchn- 
schr., 1888,  XXV.,  929,  R.;  Van  der 
Hoeven:  Arch.  f.  kl.  chir.,  1889, 
xxxviii.,  444,  R.;  Lauenstein:  Deut. 


med.  Wchnschr.,  1891,  xvii.,  1005, 
R.;  Selenkow:  Deut.  med.  Wchn- 
schr., 1893,  xix.,  1239,  R.;  Zalaz- 
iecki:  Wien.  med.  BL,  1893,  xvi., 
291,  R.;  Canjole:  These,  Lyon, 
1895-6,  D.— HjSOi— Postempski: 
Rif.  med.,  1890,  vi.,  893,  R.; 
Ortmann:  Deut.  med.  Wchnschr., 
1889.,  XV.,  172,  R.;  Bardeleben: 
Berl.  kl.  Wchnschr.,  1890,  xxvii., 
876,  D.;  Colzi:  Lo  Sper.,  1892,  xlvi., 
331,  R.;  Riegner:  Deut.  med. 
Wchnschr.,  1893,  xix.,  372,  D,; 
Wanack:  St.  Pet.  med.  Wchnschr., 
1893,  X.,  1239,  R.;  Kadian,  two 
cases  ref.  by  Hartmann:  X.  C'ongres 
frang.  de  chir.,  1896,  424,  RR.— 
HNO3 — Wissinger:  Munch,  med. 
Wchnschr.,  1893,  xL,  881,  R. 
Gastroenterostomy. —  H  2  S  O  4  —  M  o  n- 
astyrski,  in  1884,  ref.  by  Koellner: 
Diss.  Gottingen,  1890,  D.;  Skliff- 
ossowski:  St.  Pet.  med.  Wchnschr., 
1889,  xiv.,  373,  D.— HCl— Koellner: 
loc.  cit.,  R.;  Hartmann:  loc.  cit.,  R.; 
Lejars:  Gaz.  hebd.  de  m^d.,  1S!)G, 
xliii.,  601,  R.;  Poucel:  Gaz.  d.  hop., 
1896,  Ixix.,  891,  R.;  Querin  and 
Petit:  Rev.  de  chir.,  1902,  xxv.,  177, 
R. — HNO3 — Robin:  Wien.  med. 
Wchnschr,,  1903,  liii,,  1056,  R. 
Gastropexy. — HCl — White  and  Lane: 
Brit.  M.  J.,  1891,  1.,  409,  D. 
J ejunostomy . — Geissler:  loc.  cit., 
79,  D.     See  also  p.  322. 
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SULFURIC  ACID. 

This,  the  most  powerful  of  the  mineral  acids,  is  used  in 
some  stage  of  almost  e^'ery  manufacturing  process  in  which 
chemical  methods  are  utilized.  It  is  known  popularly  as  oil  0/ 
vitriol,  and  the  commercial  article  is  an  oily,  heavy  liquid, 
sometimes  colorless,  but  usually  having  more  or  less  of  a  brown 
color.  Sometimes  it  is  almost  black.  Its  chemical  formula  is 
H2SO4,  and  its  molecular  weight  is  98.  When  pure  it  crystal- 
lizes at  lO.S-^  (50.9°  F.)  and  boils  at  338°  (640.4°  F.).  It  is  odorless. 
The  specific  gravity  of  the  pure  acid  is  1.848  at  12°  (53.6°  F.),  and 
its  mixtures  with  water  have,  according  to-Ure,  the  following 
gravities : 

Specific  gravity,  1.848  1.S37  1.811.1.767  1.712  1.652  1.597   1.539 

Per  cent.  H,SO„  100  95  90          85  80  75  70       65 

Specific  graVity,  1.486  1.436  1.388    1.344  1.299  1.257  1.218   1.179 

Per  cent.  H,S04,  60  55  50          45  40  35  30       25 

Specific  gravity,  1.141  1.101  1,068    1.033 

Per  cent.  H2SO4,  20  15  10            5 

The  commercial  and  C.  P.  (chemically  pure,  so-called)  acids 
usually  have  a  specific  gravity  of  1.835  to  1.845,  and  contain 
from  92.5  to  98.8  per  cent,  of  the  pure  acid. 

When  sulfuric  acid  is  added  to  water  it  produces  a  hissing 
sound  and  a  marked  elevation  of  temperature;  100°  (212°  F.) 
is  reached  Ijy  mixing  four  volumes  of  the  strong  acid  with  one 
of  water,  both  ice-cold.  This  elevation  of  temperature  may 
serve  to  attract  attention  and  thus  prevent  an  accidental  or  even 
homicidal  administration  if  the  dilution  is  made  at  the  time.' 
Sulfuric  acid  absorbs  water  with  great  eagerness,  and  if  exposed 
to  the  air  rapidly  increases  in  volume  and  diminishes  in  concen- 
tration by  absorption  of  atmospheric  moisture.  The  action  of 
the  acid  upon  organic  substances,  including  animal  tissues,  is 
largely  due  to  removal  of  water  or  of  its  elements  from  the  sub- 
stance acted  upon,  which  in  some  cases  is  thus  carbonized.' 
Sulfuric  acid,  in  the  presence  of  water,  is  decomposed  by  some 
metals — such  as  zinc — with  evolution  of  hydrogen  and  forma- 
tion of  the  sulfate  of  the  metal.  At  elevated  temperatures  it 
is  decomposed  by  certain  other  metals — such  as  copper— and  by 
carbon  and  organic  substances,  with  evolution  of  sulfur  dioxid, 
'  See  case  of  Catluirine  A\'ilson,  p.  =  See     "Post-mortem    Appear- 
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SOj.  The  salts  of  sulfuric  acid,  called  sulfates,  are  soluble  in 
water,  with  the  exception  of  those  of  barium,  strontium,  cal- 
cium (sparingly  soluble),  and  lead.  They  are  not  soluble  in  al- 
cohol. When  mixed  with  charcoal  and  heated  to  redness  the 
sulfates  are  reduced  to  sulfids. 

An  acid,  known  as  fuming  or  Nordhausen  sulfuric  acid, 
is  extensively  manufactured  in  Bohemia  for  use  principally  as 
a  solvent  of  indigo  and  of  alizarin.  Such  solutions  of  indigo, 
used  as  blueing  in  laundry  operations,  have  caused  a  number  of 
deaths,  suicidal  and  accidental,  from  the  acid  contained  in  them. 
The  Nordhausen  acid  is  a  mixture  or  a  combination  of  the  ordi- 
nary sulfuric  acid,  H2SO4,  and  sulfur  trioxid,  SO3;  and  is  also 
known  as  fyrosidfuric  acid,  HjSjO,  (  =  112804  +  803). 

Sulfuric  acid  produces  little  alteration  in  the  appearance  of 
such  liquid  articles  of  diet  as  contain  only  small  quantities  of 
solid  organic  materials.  Substances  rich  in  protein  mate- 
rials are  modified  by  coagulation;  and  those  containing  sugar 
or  starch  are  darkened  or  blackened. 

Free  sulfuric  acid  is  not  normally  present  in  any  part  of  the 
human  body,  although  it  has  been  found  in  the  acrid  secretions 
of  certain  gasteropods,  notably  in  that  of  Dolium  galea.^  The 
sulfates  are,  however,  constant  constituents  of  most  of  the  tis- 
sues and  fluids  of  the  body,  being  partly  introduced  from  without, 
but  principally  produced  by  oxidation  of  the  sulfur  contained 
in  the  proteins.  They  are  absent  from  the  milk,  bile,  and  gastric 
juice. 

Symptoms. 

The  symptomatology  of  corrosion  by  sulfuric  acid  may  be 
divided,  if  the  patient  survive  for  a  sufficient  time,  into  two  pe- 
riods: First,  the  effects  due  to  the  primary  action  of  the  corro- 
sive, more  or  less  complicated  with  its  action  as  a  poison,  some- 
times designated  as  acute  phenomena;  and,  second,  secondary 
effects  resulting  from  the  local  action  of  the  acid,  improperly 
designated  as  chronic. 

Primary  Sjrmptoms. — When  the  acid  is  taken  by  mistake 
for  some  other  liquid  by  a  person  in  the  possession  of  his  facul- 
ties, or  when  from  any  cause  it  is  not  swallowed,  its  effects  are 

I  Gorup  Besanez:  "Physiolog.     Chem.,"  4te  Aufl.,  104.     Maly:  Monatsh. 
f.  Chem.,  i.,  205. 
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limited  to  those  parts  of  the  lips,  mouth,  and  pharynx  with 
which  alone  it  comes  into  contact.  Such  parts  are  then  cauter- 
ized, and  covered  with  a  grayish-white  coating,  resembling  an 
appUcation  of  white  paint  or  wet  parchment,  which  subsequently 
becomes  darker  or  brown  in  color.  The  parts  attacked  are  the 
seat  of  severe  pain.  The  teeth  where  touched  by  the  acid  are  of 
a  chalky  whiteness  and  are  deprived  of  their  polish.  The  acid 
may  also  in  such  cases,  as  well  as  in  bungling  attempts  at  ad- 
ministration to  a  child  or  unconscious  adult,  be  scattered  upon 
the  chin,  face,  and  breast,  producing  spots  or  blotches  of  a  whit- 
ish or  gray  color,  which  subsequently  become  brown  or  even 
black;  and  similar  stains,  linear  in  character,  may  be  caused  by 
the  acid  flowing  from  the  angles  of  the  mouth.  Death  may  oc- 
cur rapidly  in  such  cases  from  penetration  of  the  acid  into  the 
larynx,  and  consequent  cedema  of  the  glottis  or  suffocation. 
These  cases  are,  however,  usually  light,  and  terminate  in  com- 
plete recovery,  except  for  the  cicatrices  which  remain. 

If  the  acid  be  swallowed,  the  act  is  attended  or  immediately 
followed  by  intense  burning  pain,  extending  from  the  lips  to  the 
epigastrium,  so  severe  that  the  person  usually  cries  out  at  the 
time  of  taking  the  acid.  Subsequently  the  pain  extends  over 
the  abdomen  and  chest,  and  the  patient  suffers  excruciating 
agony.  The  abdomen  is  extremely  sensitive  to  pressure,  and 
later  becomes  distended.  A  few  cases  have,  however,  been  re- 
ported in  which  the  pain  was  slight  or  ceased  in  a  short  time. 
A  man  of  fifty-six  years  took  by  accident  a  dessertspoonful  of 
oil  of  vitriol,  after  which  he  walked  up-stairs  and  went  to  bed; 
he  vomited  shghtly,  and.  for  the  two  following  days  seemed  de- 
pressed, but  presented  no  urgent  symptoms.  The  case  was  con- 
sidered to  be  a  slight  one  and  recovery  M'as  expected,  but  he  died 
suddenly  on  the  fourth  day.^  Chowne  reports  the  case  of  a  man 
of  fifty-two  who  took  15  c.c.  (gss.)  of  the  concentrated  acid  with 
suicidal  intent.  He  felt  as  if  strangled,  fell,  and  suffered  burn- 
ing pain  in  the  pit  of  the  stomach.  The  pain,  however,  sub- 
sided in  an  hour,  the  abdomen  not  being  sensitive  to  pressure. 
After  death,  which  occurred  in  forty  hours,  the  stomach  and 
duodenum  were  found  to  be  extensively  corroded,  and  the  former 
thickened  in  places,  although  not  perforated.^  Scholtz  has,  de- 
scribed the  still  more  exceptional  instance  of  a  woman  of  twenty- 
1  Guy's  Hosp.  Rep.,  ISaO,  134.  =  Lancet,  1S47,  ii.,  35. 
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nine  years  who  took  about  125  c.c.  (Sivss.)  of  commercial  oil  of 
vitriol,  and  died  in  twenty-four  hours  in  collapse.  Although 
there  was  excessive  burning  pain  in  the  throat,  the  abdomen 
was  not  distended,  nor  was  it  sensitive  to  pressure;  yet  the 
autopsy  showed  the  fundus  of  the  stomach  to  be  corroded,  the 
pylorus  softened,  the  walls  perforated  in  four  places,  and  the 
liver  and  spleen  reduced  to  a  soft  paste.' 

The  case  above  quoted  from  Guy's  Hospital  Reports  bears 
upon  the  medico-legal  question  of  whether  in  a  fatal  corrosion 
by  a  mineral  acid  a  person  is  capable  of  any  considerable  volun- 
tary movement  after  taking  the  acid.  That  this  question 
must  be  answered  in  the  affirmative  is  shown  not  only  by  this 
case  but  by  others:  A  man  of  thirty  years,  who  died  from  the 
effects  of  57.3  c.c.  (5xvss.)  of  sulfuric  acid  of  specific  gravity 
1.842,  was  able  to  get  out  of  bed  and  sit  on  the  night-stool  twenty 
hours  after  taking  the  acid  and  five  hours  before  his  death. ^  A 
woman  of  sixty-seven  years,  who  died  in  twenty-four  hours,  walked 
some  distance  to  the  place  where  she  was  found  unconscious 
two  hours  later.  ^  A  man,  who  died  in  twenty-four  hours  from  the 
effects  of  22  c.c.  (3vi.)  of  the  acid,  called  a  cab  and  was  driven 
home  after  taking  the  acid.  The  only  peculiarities  observed  by 
the  driver  were  that  the  man  was  very  pale  and  held  a  handker- 
chief to  his  mouth. ■*  A  man  of  fifty-two  years  took  about  90  gm. 
(Biij.)  of  commercial  sulfuric  acid  at  nine  o'clock,  after  having 
eaten  some  soup;  he  remained  in  bed  until  noon,  when  pain 
obliged  him  to  call  out.  At  one  o'clock  he  got  up,  dressed  him- 
self unaided,  and  was  transferred  to  the  hospital,  where  he  died 
five  and  one-half  hours  after  taking  the  acid.* 

Vomiting  follows  soon,  without,  however,  bringing  relief 
from  the  pain,  and  continues  with  more  or  less  violence  through- 
out the  duration  of  the  more  active  period  of  primary  corrosion. 
It  has,  however,  been  known  to  cease  early,  as  in  a  case  reported 
by  Geoghegan,"  in  which  it  ceased  after  three  or  four  hours  and 
did  not  recur,  the  woman  dying  in  thirty-one  hours.  The  vom- 
ited matters  may  be  at  first  thick  and  slimy,  but  they  are  usu- 

■  Aerztl.  Ber.  allg.  k.  k.  Krankh.,  '  Lond.  M.  Gaz.,  1845,  xxxvi.,  826. 

Wien  (1891),  1893,  70.  ^Stausky:    Gaz.    m^d.    de    Par., 

"  Walker:    Mthly.    Jour.    M.    Sc,  1837,  v.,  188. 

1850,  X.,  538.  *  L'-nd.  M.  Gaz.,  1851,  xlviii.,  328. 

'Schad:    Aerztl.    Int.    Bl.,    1885, 
xxxii.,  388,  Case  i. 
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ally  from  the  first  and  always  soon  become  dark-brown  or  even 
black,  thick,  and  grumous  in  consistence,  the  so-called  "coffee- 
ground  vomit,"  whose  appearance  is  due  to  blood  pigment  acted 
upon  by  the  acid.  The  vomit  is  strongly  acid  in  reaction,  a 
quality  which  is  of  great  importance  in  establishing  a  diagnosis 
between  corrosion  by  acids  and  that  by  alkalies,  the  symptoms 
of  which  resemble  each  other  in  many  respects.  But  they  may 
become  alkaline  from  the  administration  of  an  excess  of  alkali 
as  an  antidote.  They  may  also  be  effervescent  when  ejected 
shortly  after  administration  of  a  carbonate,'  and,  if  acid,  they 
effervesce  on  contact  with  a  carbonate  (chalk  or  a  limestone  soil 
or  floor).  The  vomit  contains,  besides  blood  pigment,  abund- 
ance of  epithelial  cells  and  frequently  patches  or  shreds  of  de- 
tached mucous  membrane.  In  several  cases  of  acid  corrosion 
casts  of  the  oesophagus,  brown  or  black  in  color,  consisting  of 
the  mucous  and  submucous  coats,  with  portions  of  the  muscu- 
laris,  and  sometimes  with  parts  of  the  gastric  hning  attached,  have 
been  discharged  on  the  seventh  to  tenth  day,  after  progressive 
dysphagia."  In  one  case  of  nitric  acid  corrosion  a  cast  of  the 
oesophagus  was  discharged  on  the  tenth  day,  and  three  days 
thereafter  a  complete  cast  of  the  stomach.^  The  separation  of 
such  casts  is  due  to  necrotic  (bacterial)  changes,  and  only  in- 
directly to  the  direct  action  of  the  corrosive.  In  one  case  of 
nitric  acid  corrosion  orange-colored  sloughs  were  discharged  in  the 
stools.*  When  the  acid  vomit  is  discharged  or  spattered  upon  the 
clothing  or  other  textile  fabrics  it  produces  stains  similar  to  those 
caused  by  the  acid  (see  Stains,  below).  If  "liquid  blueing"  have 
been  taken  the  vomited  matters  and  sometimes  the  alvine  de- 
jections are  colored  by  the  indigo.  There  is  severe  thirst  which 
is  difficult  to  relieve,  owing  to  the  intense  pain  caused  by  degluti- 
tion, which  act  is,  indeed,  frequentlj'  impossible,  and  the  intense 
vomiting  provoked  by  the  entrance  of  any  substance  into  the 
stomach. 

'Walker:    Mthly.    Jour.     M.    S.,  xli.,  84;  Koehler:  Deut.  med.  Wchn- 

1850,  X.,  538.  schr.,    1890,    xvi.,    183;  Hornefier: 

^Puchelt:  Med.  Ann.,  Heilbronn,  Virch.     Arch.,     1896,     cxliv.,  405; 

1845,  xi.,  608;  Tardieu:  "Empois.,"  Knauss:    Med.    Abh.    Festschr.  d. 

2me.    ed.,    1875,    207,    215;    Wvss:  Stuttg.  aerztl.  Ver.,  1897,  188.    See 

Arch.d.Heilk.,  1869,  x,  184;  Laboul-  also  p.  317. 

b^ne:  Bull.  Ac.  de  m^d.,  1S76,  2  S.,  'Thompson    and    Wilson:    Bnt. 

v.,     1145.;     Viscarro:    Siglo    med.,  M.  J.,  1908,  ii.,  1679. 
Madrid,    1878,  xxv.,  667;    Haddcn:  'Harris:  Indian  M.  J.,  1885,  it., 

Tr.    Path.    Soc,    London,    l,SSlt-90,  675. 
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There  is  great  difficulty  in  breathing,  caused  partly  by  ojdema 
and  swelling  of  the  tongue  and  throat  in  some  cases,  and  by  the 
pain  caused  by  contraction  of  the  abdominal  muscles  in  almost 
all.  Later  in  the  case,  if  the  patient  survive,  respiration  is 
further  interfered  with  by  pleuropneumonia,  developed  by  the 
toxic  action  of  the  absorbed  acid,  or  in  exceptional  cases  by  per- 
foration of  the  stomach  and  diaphragm  and  direct  entrance  of  the 
acid  into  the  pleural  cavity.  The  swelling  of  the  tongue  and 
glottis  also  causes  more  or  less  modification  of  the  voice  and 
sometimes  entire  loss  of  speech.  If  death  do  not  result 
rapidly  from  oedema  of  the  glottis,  it  may  still  occur  early  and 
suddenly  from  collapse  or  shock,  due  to  perforation  and  acute 
peritonitis  or  extensive  hemorrhage  from  corrosion  of  the  walls 
of  large  vessels. 

If  the  patient  escape  a  rapidly  fatal  conclusion,  the  epigas- 
tric pain  persists  or  increases  in  intensity  and  extends  over  the 
abdomen  and  into  the  chest.  Deglutition  is  more  and  more 
painful  and  difficult  or  continues  to  be  impossible,  and  every  at- 
tempt to  swallow  provokes  a  violent  fit  of  vomiting.  There  is 
abundant  salivation  of  a  ropy  character,  sometimes  tinged  with 
blood,  and  sometimes  forming  a  brown  or  even  black  froth,  dis- 
charged from  the  mouth  and  nostrils.  The  breath  is  often  very 
fcetid.  There  is  obstinate  constipation,  and  such  evacuations  as 
are  passed  are  dark  brown  or  even  black.  Exceptionally  there 
is  diarrhoea,  the  stools  containing  altered  or  unaltered  blood  and 
shreds  of  mucous  membrane.  A  condition  of  collapse  super- 
venes, with  an  almost  imperceptible  or  thready,  frequent,  and 
small  pulse,  diminished  temperature,  cold  surface,  sunken  eyes, 
an  anxious  countenance,  dilated  pupils,  and  a  cold,  clammy  per- 
spiration bathing  the  skin.  This  condition  may  terminate  in 
death  within  twenty-four  hours,  the  patient  being  usually  un- 
conscious, or  sometimes  having  violent  convulsions  or  a  severe 
attack  of  suffocation.  In  one  case  death  was  preceded  by  furi- 
ous delirium.^ 

After  the  first  day  in  severe  cases  the  foregoing  symptoms 
persist  or  even  increase  in  intensity,  the  respiration  becomes 
more  seriously  affected,  and  rMes  are  heard  on  auscultation. 
The  parts  burnt  by  the  acid  become  ulcerated  and  the  tempera- 

'  Kast     and     Rumpel:     "lUustr.      Schauenburg:  Vrtljschr.  f.  ger.  med  , 
Path.  Anat.,"  1893,  Case  i.     See  also       1872,  n.  F.,  xvi.,  53. 


ture  rises.  The  patient  may  die  during  this  period,  in  from 
three  to  eleven  days,  either  from  exhaustion  or  in  sudden  col- 
lapse. When  the  course  of  the  corrosion  tends  to  recovery,  the 
ulcerated  wounds  heal  more  or  less  rapidly,  and  sometimes  very 
slowly,  leaving  cicatrices,  thickening,  and  vegetations  which 
are  the  causes  of  the  secondary  or  "  chronic  "  phenomena. 

The  condition  of  the  urine  during  the  course  of  a  corrosion 
by  sulfuric  acid  indicates  that,  in  many  instances  at  least,  the 
acid  acts  upon  the  kidneys.  The  urine  is  retained  from  the  first, 
and  must  be  drawn  with  the  catheter.  It  is  diminished  in 
quantity,  at  first  of  high  specific  gravity,  1.035-1.045,  falling 
gradually  to  1.015-1.010.  It  is  at  first  hyperacid.  The  elimi- 
nation of  sulfates  is  relatively  high,  if  the  small  quantity  of 
urine  passed  be  considered;  but  the  absolute  amount  in  twenty- 
four  hours,  which  affords  the  only  true  indication  of  the  elimi- 
nation, is  rather  below  than  above  the  normal  of  2.5  to  3.5  gm. 
(38.6  to  54  grains)  in  twenty-four  hours,  except  upon  the  first 
day  or  two.  We  know  of  no  case  in  which  the  saliva,  which  is 
abundantly  discharged  after  the  first  or  second  day,  has  been 
analyzed.  It  seems  probable,  however,  that  a  part  at  least  of 
the  elimination  is  in  this  secretion  and  by  the  stomach,  as  when 
hydrochloric  acid  has  been  taken.'  In  a  case  of  Letheby's,  a 
boy  of  nine  years  during  the  first  four  days  eliminated  sulfates 
corresponding  to  4.018,  2.592,  1.185,  0.823  gm.  (62,  40,  18.3, 
12.7  grains).^  At  a  later  period  in  cases  tending  to  recovery 
the  absolute  elimination  of  sulfates  is  diminished.  Thus  in 
the  case  of  a  woman  of  twenty-one  years  who  recovered,  reported 
by  Hoppe-Seyler,^  the  total  amounts  of  HjSO^  eliminated  on  the 
sixth  to  ninth  days  were:  1.6865,  1.8901,  1.6209,  0.936,  1.1817 
gm.  (26,  29,  25,  14,  18  grains).  On  the  fifth  and  sixth  days 
the  amount  in  the  form  of  sulfo-conjugate  compounds  was 
0.2537  and  0.2583,  or  5:1  and  6.3:1.  As  the  normal  elimina-' 
tion  of  sulfo-conjugate  compounds  is  on  an  average  0.25  gm., 
but  varies  between  0.617  and  0.094,  and  is  in  proportion  to  sim- 
ple sulfates  as  from  6:1  to  15:1,*  it  appears  that  the  elimina- 
tion of  sulfo-conjugate  compounds  remains  unaltered,  while  that 
of  the  simple  sulfates  is  diminished — a  result  the  opposite  to  that 

'  See  p.  2S 1 .  ■>  Hammarsten :  "  Physiol.  Chem.," 

^  Lancet,  1847,  i.,  43.  Mandel's  transl.,  p.  363. 

'  Ztsch.  f.  kl.  Med.,  1SS3,  vi.,  478. 
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which  would  be  expected  if  elimination  of  sulfuric  acid  contin- 
ues to  take  place  by  the  urine'  later  than  the  first  two  or  three 
days.  In  the  same  case  the  urine  was  found  to  contain  acetone 
on  the  fifth  to  eighth  days  in  progressively  diminishing  amount, 
and  during  the  period  of  inanition  due  to  the  pain  incident  upon 
deglutition.  The  urine  also  contains  excess  of  earthy  phosphates 
and  has  also  been  observed  to  contain  excess  of  calcium  oxalate- 
and  indican.^  The  color  of  the  urine  is  sometimes  yellow,  more 
frequently  reddish  or  reddish-brown.  The  urine  of  a  boy  of 
two  years  who  died  in  seven  and  one-half  hours  after  swallow- 
ing a  quantity  of  liquid  blueing  was  distinctly  blue.*  Fre- 
quently the  urine  contains  albumin,  sometimes  in  large  amount.* 
But  in  mild  cases,  or  in  the  later  days  of  those  which  progress 
favorably,  it  is  absent.^  In  a  case  of  suicide,  terminating  in  re- 
covery, in  which  the  acid  was  taken  diluted  with  alcohol,  no 
urine  was  passed  in  thirty-six  hours,  when  700  c.c.  free  from 
albumin  were  drawn  off.''  The  urinary  sediment,  when  albumin 
is  present,  contains  casts,  hyaline,  faintly  granular  or  brown; 
and  sometimes  much  granular  matter  colored  with  hsematin,^ 
and  occasionally,  though  rarely,  pus  and  blood. °  The  condition 
of  the  urine  during  a  non-fatal  case  is  well  shown  in  one  of 
Mannkopf's  cases,'"  a  boy  of  sixteen  years  who  was  under  ob- 
servation for  about  five  weeks;  the  quantity  in  twenty-four 
hours  only  exceeded  1,000  c.c.  (about  Sxxxiv.)  on  two  days,  the 
twenty-eighth  and  twenty-ninth.  The  specific  gravity  was  1.038 
at  the  outset,  slowly  fell  to  1.015  during  the  first  four  weeks, 
and  then  again  rose  to  1.027.  On  the  first  day  there  was  a  little 
albumin,  less  until  the  end  of  the  third  week, ,  when  it  became 
abundant,  and  again  gradually  diminished  to  disappearance. 
The  quantity  of  casts  kept  pace  with  that  of  albumin.  The 
elimination  of  sulfuric  acid  during  the  first  three  days  was  2.51, 
1.81,  1.49  gm.  In  some  instances  there  is  diuresis  accompanied 
by  constipation  during  convalescence. 

'  See    Schuchardt    in    Maschka's  Loc.  cit.     Wyss:    Loc.  cit.     Mendel- 

"Handb.  d.  ger.  Med.,"  ii.,  70.  sohn:  Charity  Ann.  (1885-86),  1887, 

"  Smoler:  Wien.  med.  Halle,  1861,  xii.,  183,  Case  ii. 

ii.,  434.  '  Gottschalk:    Diss.,    Berl.,    1869, 

'Wyss:  Arch.  d.   Hlk.,   1869,  x.,  p.  22. 

184.  *  Bamberger:   Wien.   med.   Halle, 

^Deslandes:     Nouv.     bibl.    m^d.,  1864,  v.,  301,  309. 

1825;  ex  Galtier:  "Tox.,"  i.,  206.  »  Med.  T.  and  Gaz.,  1857,  xv.,  629. 

°Katz:Diss.,  Berl.,  1872,  p.  9.  "Wien.    med.    Wchnschr.,    1862, 

°  Smoler:  Loc.  cit.    Hoppe-Seyler:  xii.,  25,  Case  iv. 
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The  temperature  is  not  similarly  affected  in  all  cases.  In 
one  fatal  case  in  which  death  occurred  in  twenty-four  hours  it 
was  subnormal,  36.2°  (97.1°  F.);^  while  in  another,  fatal  in  the 
same  period,  it  reached  38.9°  (102°  F.).^  In  one  protracted  case 
in  which  death  occurred  in  one  month,  the  temperature  on  the 
second  day  was  37.8°  (100°  F.),  and  fell  progressively  with  some 
oscillations  to  35.9°  (96.6°  F.)  on  the  day  preceding  death.'  In 
another  case,  in  which  death  occurred  in  thirty-seven  days,  the 
temperature  on  admission  was  36.5°  (97.7°  F.),  rose  the  next 
day  to  37.5°  (99.5°  F.),  and  oscillated  during  the  entire  time  be- 
tween 37°  (98.6°  F.)  and  40.5°  (104.9°  F.),  reaching  the  maxi- 
mum shortly  before  death.''  In  a  severe  case  referred  to  by 
Gruhn,'  during  the  fourteen  days  in  which  the  patient  was 
under  observation,  the  temperature  varied  but  slightly  from 
the  normal,  the  extremes  having  been  36.8°  (98.2°  F.)  and  38° 
(100.5°  F.) 

One  of  the  four  instances  in  which  sulfuric  acid  has  been  in- 
jected into  the  rectum  is  quoted  by  Schuchardt,  who  comments 
that  but  little  of  the  acid  could  have  been  actually  injected,  as 
both  patients,  mother  and  child,  to  whom  it  was  given  by  mis- 
take, recovered  in  a  few  days.®  Hofmann's  two  cases,  merely 
mentioned  in  a  note,  are  the  same  as  Schuchardt's.'  In  the  two 
remaining  cases  there  was  immediate  intense  pain,  causing 
the  person  to  cry  out  loudly.  A  physician  gave  sulfuric  acid 
in  an  enema  in  mistake  for  linseed  oil;  the  administration  was 
made  at  11  p.  m.,  the  patient  passed  the  night  in  great  agony, 
and  in  the  morning  a  part  of  the  corroded  intestine  was  found 
to  have  been  discharged,  and  the  bed  clothing  to  have  been  burnt 
by  the  discharges.*  The  other  case  was  one  in  which  a  woman 
murdered  her  husband  by  injecting  the  acid  in  place  of  a  medic- 
inal enema.  The  man,  who  was  on  his  knees,  withdrew,  and 
his  back  and  buttocks  and  the  bed  clothing  were  extensively 
burnt  by  the  acid.     He  died  in  one  hour  from  acute  peritonitis, 

'Scholtz:  Aerztl.  Ber.  allg.  k.  k.  "Handb.  d.  ger.  Med.,"  ii.,  67;  ex 

Krankenh.,  Wien  (1891),  1893,  70.  Deutsch:   Preuss.    Med.    Ver.   Ztg., 

"Katz:   Diss.,    Berl.,    1^72,    Case  1848,  No.  13. 

iv.,  p.  21.  '  "Lehrb.   d.  ger.   M."  (Kolisko), 

=  Graeffner:    Diss.,  Breslau,  1875.  1903,  9te  Aufl.,  676.    Reported  by 

■'  Gruhn:  Diss.,   Berl.,   1870,  Case  Deutsch:    Med.    Ztg.,    Berlin,  1848, 

iii.,  p.  19.  xvii.,  60. 

'  Loc.  cit.,  Case  iv.,  p.  28.  «  Jour.  d.  chim.  m^d.,  etc.,  1835, 

"Schuchardt,     in     Maschka's  2  s.,  i.,  425. 
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the  acid  having  perforated  the  gut  and  entered  the  peritoneal 
cavity.' 

In  the  one  case  in  which  sulfuric  acid  was  injected  into  the 
vagina,  a  woman,  the  mother  of  four  children,  sought  to  abort 
her  fifth  pregnancy  by  injecting  half  a  litre  of  the  acid.  There 
were  severe  pain  and  inflammation  of  the  parts,  followed  by  a 
bloody,  purulent  discharge  and  subsequent  cicatrization,  which 
so  constricted  the  passage  that  delivery  was  impossible.  A 
dead  child  was  removed  by  Ceesarean  section  and  the  woman 
died  also.  The  vaginal  canal  was  found  to  be  completely  oc- 
cluded, and  the  os  uteri  also  closed  by  adhesion  to  the  vaginal 
wall.^ 

Secondary  Ssnnptoms. — When  the  violent  primary  effects 
of  the  acid  are  withstood,  the  corroded  parts  slowly  undergo  re- 
pair, and  the  patient  may  be  discharged  in  a  few  days  or  weeks 
as  cured.  ^  The  internal  burns  have,  however,  been  so  severe  that 
from  destruction  of  the  gastric  mucous  membrane  with  its  se- 
creting glands,  from  the  thickening  and  contraction  due  to  cica- 
trization, from  continuation  of  ulcerative  processes,  and  even 
from  persistence  of  effects  upon  remote  organs,  the  individual 
subsequently  becomes  a  subject  for  medical  or  surgical  treat- 
ment, and  usually  finally  succumbs  to  the  remote  effects  of  the 
corrosive. 

The  condition  usually  met  with  is  one  of  starvation  and  in- 
anition, caused  partly  by  absence  of  the  normal  gastric  secre- 
tion, and  partly  by  strictures  of  the  oesophagus  or  stenosis  of  the 
openings  of  the  stomach,  which  mechanically  prevent  the  pas- 
sage of  the  food  or  chyme.  In  cases  in  which  the  vomit  in  the 
secondary  stage  has  been  analyzed,  it  has  been  found  to  contain 
no  hydrochloric  acid,*  and  lactic  acid  is  only  present  when  food 
has  been  introduced  into  the  stomach.^  Mendelsohn's  Case  II. 
recovered,  however,  under  prolonged  treatment,  the  quantity  of 
acid  taken  having  been  7  c.c.  (about     Sij-),  and  hydrochloric 

'  Leconte:   ThSse,    Strasb.,    1855,  *  Kast    u.    Rumpel:    "111.    path. 

p.  27.  Anat.,"  1893,  Case  ii.     Masing:  St. 

^Lombard:  Jour.  d.  chim.  m6d.,  Pet.   med.   Wchnschr.,   1885,   n.  F., 

etc.,  1831,  vii.,  312.  ii.,  310.     Mendelsohn:  Charite  Ann. 

=  Benjamin:  Charity  Ann.,  1897-8,  (1885-86),  1887,  xii.,  183,  Cases  ii., 

xxiv.,     247,     states     that     at     the  vii. 

Charity    victims    of    corrosives    are  '^  Mendelsohn:  ioc.  cii..  Case  ii. 
never  discharged  as  cured,  always 
as  improved. 


252  TOXICOLOGY — WITTHAUS. 

acid,  absent  from  the  stomach  during  the  previous  history  of  the 
case,  began  to  make  its  appearance  about  four  months  after  the 
first  attack,  and  increased  in  amount  thereafter.  Strictures  of 
the  oesophagus  are  frequently  recognized  during  hfe  and  ob- 
served at  the  autopsy;  and  Maurel-Lavall^e  has  reported  the 
case  of  a  woman,  Hving  two  years  after  the  primary  attack,  who 
was  still  throwing  out  shreds  of  necrosed  tissue  from  the  phar- 
ynx, oesophagus,  and  stomach,  while  her  oesophagus  was  con- 
tracted in  three  places.'  Although  oesophageal  stenosis  is  some- 
times produced  b}'  acid  corrosion,  the  pylorus  is  the  position  of 
predilection  for  cicatricial  stenosis  in  acid  corrosion,  as  the 
oesophagus  is  in  that  due  to  alkalies.  It  usually  requires  a 
month  or  longer  for  the  pyloric  stricture  to  close  sufficiently  to 
necessitate  an  operation.  In  Bardeleben's  case,^  however, 
pyloroplasty  was  performed  two  weeks  after  the  ingestion  of 
sulfuric  acid.  On  the  other  hand,  in  Dujardin-Beaumetz'  case  a 
woman  was  admitted  to  the  hospital  six  years  after  an  acid  cor- 
rosion, having  suffered  for  six  months  with  almost  continuous 
vomiting.  She  died  in  two  weeks,  and  the  autopsy  revealed  a 
dilated  stomach  with  pyloric  stenosis.  Instances  are  also  re- 
ported in  which  death  has  been  caused  after  long  intervals  by 
ulceration  and  perforation.  A  man,  six  months  after  an  attempt 
at  suicide  by  sulfuric  acid,  was  attacked  suddenly  with  haemar 
temesis,  and  died  in  a  short  time.  At  the  autopsy  an  artery 
capable  of  admitting  a  crow's  quill  was  found  to  have  been  per- 
forated, and  the  stomach  was  full  of  black,  coagulated  blood.' 
In  another  instance  a  woman  died,  eleven  months  after  the  pri- 
mary attack,  of  peritonitis  caused  by  a  perforation  of  the  intestine 
at  the  junction  of  the  caecum  and  ascending  colon. ^  That  death 
may  occur  suddenly  is  shown  bj^  a  case  reported  by  Lesser," 
of  a  woman  of  thirty-five  years  who  fell  dead  while  at  the  wash- 
tub.  During  the  morning  her  appearance  and  actions  had  not 
differed  from  those  of  the  week  preceding.  At  the  autopsy  a 
circular  gastric  ulcer  and  total  peritonitis  were  found  to  exist. 
Among  the  i-emote  effects  which  have  been  observed  in  the 
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course  of  the  secondary  action  are:  Intercostal  neuralgia,  noted 
in  one  case  by  Mannkopf;'  eruption  of  red  blotches  on  the  skin 
of  the  forearm,  also  once  observed  on  the  twentieth  day;=  and 
frequently  coughing,  expectoration,  pains  in  the  chest,  dyspnoea, 
and  modifications  of  the  normal  respiratory  sounds  and  reso- 
nance, which  are,  however,  more  commonly  met  with  as  symp- 
toms of  protracted  primary  action. 

Diagnosis. 

The  diagnosis  of  corrosion  by  a  mineral  acid  is  usually  plain 
from  the  character  of  the  violent  symptoms,  from  the  history 
of  the  attack,  and  from  the  appearance  of  the  stains  upon 
the  skin,  lips,  and  clothing,  if  such  exist.  The  only  question 
which  remains  to  be  determined  is  whether  the  corrosive  taken 
was  a  mineral  acid  or  a  mineral  alkali.  The  settlement  of  this 
point  only  requires  a  testing  with  litmus  of  the  matters  first 
vomited,  or  any  remains  of  the  liquid  taken,  as  to  its  reaction, 
which  will  be  strongly  acid  in  one  case  and  strongly  alkaline 
in  the  other.  It  is  not  necessary  to  distinguish  between  free 
acids  and  acid  salts  for  the  purposes  of  treatment  in  most  cases, 
but  if  it  be  desirable  to  do  so,  paper  charged  with  Congo-red  or 
benzo-purpurin  may  be  used  for  the  purpose. 

It  is  of  no  clinical  significance  whether  the  acid  be  sulfuric, 
nitric,  or  hydrochloric,  as  the  treatment  is  the  same  for  the  three 
acids.  But  the  question  is  sometimes  one  of  forensic  impor- 
tance, and  may  be  solved  by  an  examination  of  the  vomited 
matters  by  the  method  to  be  described  below. 

Prognosis. 

The  prognosis  depends  upon  the  amount  of  the  acid  taken 
and  upon  whether  it  has  reached  the  oesophagus  or  stomach  or 
not.  If  the  quantity  taken  have  been  small,  or  if  it  have  been 
expectorated  and  none  swallowed,  recovery  is  assured  after  the 
danger  of  death  by  suffocation  has  passed,  although  more  or  less 
deformity  from  cicatrization  may  remain.  But  if  the  acid  have 
been  swallowed,  the  prognosis  is  unfavorable.     Of  the  388  cases 

'  Wien.  med.  Wochenschr.,  1862,         ^  Q^ltier:  "Tox.,"  i.,  176. 
xii.,  25,  Case  ii. 
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referred  to  on  page  228,  including  those  in  which  the  acid  was 
not  swallowed,  and  light  as  well  as  severe  cases,  the  mortality  was 
66  per  cent.,  of  which  8.8  per  cent,  died  in  less  than  three  hours; 
45.8  per  cent.,  in  the  first  twenty-four  hours;  67.8  per  cent.,  within 
a  week;  82.2  per  cent.,  within  a  month;  and  17.8  per  cent.,  in 
periods  longer  than  one  month. 

Even  when  the  primary  effects  have  been  recovered  from,  if 
the  acid  have  penetrated  beyond  the  mouth,  the  prognosis  must 
be  guarded,  as  there  can  be  no  certainty  that  strictures  will  not 
be  developed  in  the  stomach  or  oesophagus.  In  any  event  com- 
plete recovery  is  most  exceptional,  as  the  destruction  of  gastric 
mucous  membrane  will  entail  malnutrition,  even  if  the  cicatri- 
zation be  not  sufficient  to  produce  dangerous  stricture. 

External  Application — Vitriol  Throwing. 

Accidental  burns  of  the  skin  of  the  face,  hands,  and  even  of 
parts  usually  covered  by  clothing,  have  occurred  in  chemical 
laboratories  and  in  manufacturing  establishments  in  which  the 
acid  is  used;'  but  it  is  chiefly  in  connection  with  the  crime  of 
vitriol  throwing  {vitriolage  of  French  authors)  that  this  branch  of 
the  subject  is  of  forensic  interest.  According  to  Christison,'this 
crime  originated  in  Glasgow  during  the  quarrels  in  1820  between 
masters  and  workmen  regarding  the  rate  of  wages,  and  became  at 
last  so  frequent  that  it  was  made  a  capital  offense  by  a  special 
enactment.  Vitriol  throwing  was  not  unknown  in  Germany  at 
about  the  same  time,  as  Bopp^  relates  the  case  of  a  woman  who, 
in  1825,  attacked  another  woman  and  her  child  with  vitriol,  and 
was  convicted  of  attempt  at  murder  in  1828.  The  offense  is 
usually  prompted  by  jealousy,  and  is  one  of  quite  frequent  oc- 
currence in  the  United  States.  The  liquid,  which  is  generally 
thrown  into  the  face  of  the  victim  from  a  bottle,  but  sometimes  in 
mere  malice  upon  the  clothing  only,  is  in  most  cases  sulfuric  acid. 
Exceptionally  nitric  or  hydrochloric  acid  or  phenol  has  been  used." 

Christison''  has  recorded  the  case  of  Mr.  Campbell,  upon 
whom  a  large  quantity  of  acid  was  thrown.  The  local  effects 
were  severe,  involving  the  loss  of  one  eye,  and  he  died  in  twelve 

'  "Poisons,"  Am.  ed.,  122.  » See  Stains,  p.  271. 

'  Ztschr.  f.  Staatsarznk.,  1836,  22  "  Edinb.   M.  and  S.  Jour.,  182a, 

Erghft.,  2.56.  xxxi.,  230. 
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days,  apparently  from  pleurisy.  Another  fatal  case  is  reported 
by  Zwicke.^  The  man  upon  whom  the  acid  was  thrown  sank 
down  immediately,  overwhelmed  with  pain.  At  the  hospital  he 
vomited  greenish  masses,  complained  of  pain  in  his  chest,  but 
not  in  the  stomach.  The  skin  of  the  face  was  covered  with 
whitish  eschars  from  the  forehead  to  the  throat;  the  cutis  of  the 
left  ear  was  reduced  to  a  shmy  pulp;  the  mucous  membrane  of 
the  nose  and  lips  was  corroded;  both  cornese  were  opaque;  and 
there  were  corroded  spots  on  the  tongue  and  the  ulnar  side  of  the 
forearm.  Pulse  110,  respiration  normal.  Small  rales  in  the 
lungs.  The  urine  formed  a  brick-dust  deposit  and  contained  a 
large  quantity  of  albumin.  The  next  day  he  complained  ofap- 
noea;  the  respiration  20;  the  voice  hoarse;  and  the  tongue  oedem- 
atous.  Temperature  37.2°  (99°  F.),  pulse  108.  At  10  p.  m.  he 
was  very  uneasy.  Respiration  28;  pulse  140,  small.  The  respi- 
ration was  very  labored,  with  tracheal  r9,les,  but  no  cyanosis. 
The  collapse  increased,  and  he  died  in  forty-eight  hours  after 
the  injury.  The  autopsy  showed  the  existence  of  chronic  ca- 
tarrhal enteritis,  parenchymatous  nephritis,  multiple  fibrinous 
pneumonia,  multiple  pleuritis,  myocarditis,  and  partial-  corro- 
sion of  the  posterior  wall  of  the  larynx  and  trachea,  besides  the 
external  injuries.  Another  fatal  case,  in  which  the  acid  had  not 
only  attacked  the  face,  but  had  also  been  swallowed  and  re- 
spired, is  reported  by  Liman.^  •  A  similar  case,  in  which  the  acid 
was  inhaled  but  not  swallowed  is  reported  by  Lesser.^  The  man 
died  in  forty  hours,  and  the  autopsy  revealed  great  corrosion  of  the 
skin  of  the  face  and  of  mucous  membrane  of  the  mouth,  pharynx, 
and  trachea,  and  partial  corrosion  of  the  bronchi.  The  oesoph- 
agus was  intact.  Another  case  in  which  the  acid  was  also 
swallowed,  and  the  woman  died  next  day,  is  reported  by  Biirgl.* 
In  1894  the  secretary  of  the  Danish  Legation  in  London  died  the 
next  day  after  sulfuric  acid  had  been  thrown  in  his  face  by  an  un- 
known man  to  facilitate  robbery.  In  December,  1900,  at  Van 
Wirt,  Ohio,  Mrs.  Emma  Van  Liew  was  tried  for  having  caused  the 
death  of  a  woman  by  throwing  vitriol  into  her  face,  and  pleaded 

'  Charity  Ann.,  1882,  ix.,  367.  Burgl:  Friedreich's  Bl.  f.  ger.  Med., 

"Casper-Liman:  "Handb.  d.  ger.  1902,  liii.,  447. 

Med.,"    8te    Aufl.,    ii.,    469.     Other  '  Vrtljschr.f.  ger.  Med.,  1898,  3  F., 

cases  are  reported  by  Orfila:  "Tox.,"  xvi.,  79. 

5^me  ed.,  i.,  156.     Leconte:  These,  *  Friedreich's   Bl.    f.    ger.    Med., 

Strasb.,  1855,  p.  3.     Letheby:  Med.  1900,  li.,  241. 
Times,    Lond.,    1850,    n.    s.,   i.,    58. 
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guilty  to  manslaughter.  In  most  instances,  although  the  local 
injuries  are  severe  and  may  involve  the  loss  of  one  or  both  eyes 
and  serious  disfigurement,  the  victim  recovers.  Patel  and 
Th^venot^  report  the  serious  injury  of  a  woman  by  application  of 
sulfuric  acid  to  the  mons  veneris. 

As  the  action  of  sulfuric  acid  upon  the  skin  is  not  absolutely 
instantaneous,  its  effects  are  greatly  mitigated  if  the  parts  be 
immediately  washed  with  a  large  quantity  of  water  or  a  weak 
alkaline  solution,  as  of  sodium  bicarbonate. 

It  is  sometimes  necessary  to  determine  whether  an  external 
burn  was  caused  by  fire  or  by  sulfuric  acid.  Thus,  in  a  case  in- 
vestigated by  Maschka,"  a  man's  assertion  that  the  injuries 
upon  a  child  were  not  produced  by  acid  but  by  fire  was  verified. 
For  the  points  of  distinction,  see  Vol.  I.,  p.  953,^  and  below 
under  "Examination  of  Stains,"  p.  271.* 

Post-mortem  Appearances. 

The  appearances  observed  at  the  autopsy  after  death  from 
sulfuric  acid  will  differ  markedly,  according  as  the  death  was 
caused  by  the  primary  or  by  the  secondary  action  of  the  acid. 

Primary. — After  death  from  the  primary  action  of  any  of 
the  mineral  acids,  it  is  difficult  to  estimate  what  portion  of  the 
changes  observed  were  produced  during  life  and  how  far  they 
resulted  from  the  continued  action  of  the  corrosive  after  death. 
Thus  in  the  case  of  a  person  found  dead,  in  which  there  is  no 
history  of  symptoms  observed  during  life,  and  in  which-  an  un- 
known interval  has  elapsed  between  the  death  and  the  autopsy, 
extensive  destruction  of  tissue  may  have  been  in  great  part  the 
result  of  post-mortem  action.^     Usually,  however,  the  nature  of 

'Arch,    d'anthrop.    crim.,     1901,  1102.     In  a  case  reported  by  Knauss; 

^^V^,^^^-,      T,  Med.  Abhandl.,  Festschr.  d.  Stuttg. 

^    -  Gutacht.  Prag.  med.  Fak.,  1S53,  aerztl.     Ver.,    1897,    1S8,  in  which 

^'' 3  T       u  death  occurred  in  nine  days  and  the 

In  the  case  there  quoted  from  autopsy  was  made  in  three  hours 

laylor  the  acid  used  was  nitric,  not  thereafter,  the  stomach  was  adherent 

^""""'^-  to  the  surrounding  tissue,  so  that  in 

.  S'ee  also  bchuchardt  in  Masch-  removing  it  a  hole  was  torn  in  the 

lea  s     Handb.  d.  ger.  Med.,"  ii.,  77,  wall  through  which  there  protruded 

and    the    experunents    of    Samuel:  a    brown-black    membrane,    which 

Arch.  t.  path.  Anat.,  etc.,  1870,  li.,  was  subsequently  found  to  be  the 

■^^j  „  .  complete    necrosed    mucous  mem- 

I'or   a   case    m   illustration,  see  brane,  which  had  been  detached  and 

Gull:  Lond.  Med.  Gaz.,   1850,  xlv.,  lay  free  in  the  stomach.    Evidently 
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the  symptoms  will  throw  sufScient  light  upon  the  question 
whether  perforation,  etc.,  were  ante-mortem  or  post-mortem. 

Putrefaction  is  frequently  delayed,  possibly  by  reason  of  the 
diminished  alkalinity.  ^  The  skin,  if  the  acid  have  touched  it, 
is  marked  with  brownish,  rust-colored,  or  black-brown  stains, 
most  frequently  seen  running  linearly  from  the  angles  of  the 
mouth  and  on  the  chin.  At  these  points  the  epidermis  is  want- 
ing, and  the  derma  is  parchmentized,  the  cells  of  the  rete  Mal- 
pighii  have  a  brown-red  color,  and  in  the  corium  there  are  trans- 
udations from  the  blood-vessels,  causing  a  diffuse  dirty  reddish 
color.  In  the  lips,  mouth,  and  tongue  the  appearances  noted 
during  life  are  observed.  The  lips  may  be  black;  the  tongue  is 
sometimes  softened,  and  has  the  appearance  of  having  been 
boiled.  The  mucous  membrane  of  the  pharynx  and  tongue  are 
in  some  cases  gray  in  color.  The  oesophagus  is  corrugated,  has 
a  worm-eaten  appearance,  is  more  or  less  extensively  deprived 
of  mucous  membrane,  and  dark-gray  or  even  black  in  color. 
Where  it  still  exists,  the  mucous  membrane  is  easily  detached 
in  shreds.  Contraction  of  the  oesophagus  has  also  been  ob- 
served. Thus  in  a  case  of  death  in  twenty-four  hours  there 
was  extreme  narrowing  of  the  oesophagus,  whose  walls  were 
greatly  thickened  and  deprived  of  mucous  membrane.^  Du- 
j  avier  and  RosenthaP  reported  a  case  in  which  the  acid  had  trav- 
ersed the  upper  passages  with  scarcely  any  lesion,  and  only 
superficial  burning  of  the  lower  half  of  the  oesophagus, 
although  the  stomach  was  perforated  in  three  places. 

The  stomach  presents  the  most  characteristic  lesions.  If 
the  organ  be  entire,  its  external  surface  appears  injected,  blue- 
black,  gray,  or  violet,  in  places  where  it  feels  to  the  touch  thinned 
and  filled  with  liquid.  The  contents  consist  of  a  brown,  highly 
acid  liquid,  having  the  appearance  of  coffee  containing  a  con- 
siderable amount  of  grounds;  or  are  even  black.  The  mucous 
surface  is  pretty  evenly  brown-black  or  black  in  color,  very  much 
thinned  in  places,  sometimes  to  the  verge  of  perforation,  and 

this  action  occurred  before  death.  ger.  Med.,"  8te  Aufi.,  p.  472,  Case 

According    to    the    experiments   of  193. 

Harnack  and  Hildebrandt:  Arch.  f.  ^  Virchow:    Charity    Ann.,    1879, 

exp.  P.  u.  P.,  1908,  Supplb.,  2^6,  the  iv.,  788. 

action  of  corrosives  upon  the  gastric  '  Bull.  Soc.  anat.  de  Paris,  1897, 

mucous  membrane  is  more  intense  Ixxii.,    196.     See  also:  Bigot:  ibid., 

after  death  than  during  life.  1844,  xix.,  129. 
'See  Casper-Liman:  "Handb.  d. 
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frequently  spotted  here  and  there  with  islands  of  less  altered  or 
unaltered  patches. '  The  black  appearance  of  the  stomach  and 
other  parts  has  been  considered  as  produced  by  a  carbonizing 
action  of  sulfuric  acid  similar  to  that  which  it  exerts  upon  wood, 
sugar,  etc.  But  Lesser  has  shown  that  it  is  due  to  decomposition 
of  hemoglobin,  with  formation  of  haematin.^  The  pylorus  is 
frequently  thickened  and  parchment-like,  and  sometimes  has  a 
shredded  appearance.  Partially  healed  ulcerations  are  some- 
times met  with.  In  an  early  case  in  which  death  occurred  in  five 
hours,  Desterne^  found  the  stomach  exteriorly  of  a  brilHant  black 
color  and  red  in  spots.  The  mucous  membrane  was  converted 
into  a  thick  layer,  split  in  all  directions,  dry,  and  of  a  brick-red 
color  in  jjlaces,  which  contrasted  strongly  with  the  brilliant 
black  of  the  remainder.  If  the  autopsy  be  not  too  long  delayed, 
sections  of  the  less  corroded  portions  of  the  gastric  mucous  mem- 
brane show  changes  in  distinct  contrast  with  those  produced  by 
the  alkahes,''  but  similar  to  those  produced  by  other  mineral 
acids.  The  tissues  do  not  take  stains,  although  there  is  almost 
complete  preservation  of  nearly  all  the  tissue  elements,  with  a 
sharply  defined  appearance  of  the  epithelium,  and  dilatation  of 
the  blood  vessels.^  In  about  one-third  of  the  eases  the  stomach  is 
found  perforated.  But,  unless  the  autopsy  is '  made  very  early, 
it  is  not  possible  to  determine  from  the  appearances  to  what  ex- 
tent the  acid  has  continued  to  act  after  death.  Perforation  from 
ulceration,  which  may  occur  when  the  duration  of  primary 
action  is  sufficiently  prolonged,  is,  of  course,  produced  during  life. 
The  disorganization  of  the  stomach  'in  severe  and  rapidly  fatal 
cases  may  even  extend  to  destruction  of  large  areas.  Thus,  in 
the  case  of  a  woman  of  twenty-three  years  who  died  in  three 
hours  in  a  comatose  and  collapsed  condition,  the  autopsy,  made 
twenty  hours  after  death,  showed  the  great  curvature  of  the 
stomach  to  have  been  completely  dissolved,  and  a  dark,  grumous 
liquid  discharged  upon  the  intestines  and  omentum.^ 

'  Good  colored  plates  of  post-mor-  ^  Arch.  f.  path.  Anat.,  etc.,  1881, 

tern  appearances  after  death  from  Ixxxiii.,  19S. 

the  primary  effects  of  sulfuric  acid  ^  Bull.   soc.   d'anat.,  Paris,  1848, 

will  be  found  in  Kast  and  Rumpell:  xxiii.,  223. 

"Illustr.  path.  Anat.,"  189:-!,  F.,  i.,  'Seep.  324. 

andin  Les.ser:     "Atl.d.  ger.  Med.,'*  ^  Walbaum:  Vrtljschr.f.  ger.Med., 

1S,S3,  Taf.  iii.;  iv.,  Fip;.'^.   1,   2;  xv.,  19(m,  3  F.,  xxxii.,  63. 

Figs.  1,  4,  .5.  '^Sewell:  Canada  M.  Jour.,  1852- 

.'">:!,  i.,  131. 
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The  acid  which  escapes  from  the  perforated  stomach  has  in 
several  cases  produced  disorganization  of  the  surrounding  parts. 
In  a  case  reported  by  Otto/  of  six  hours'  duration,  the  stomach 
was  found  extensively  disorganized,  the  posterior  part  of  the 
spleen  black  and  corroded,  the  left  lobe  of  the  liver  black-brown, 
the  duodenum  externally  and  internally  gray-black  and' corroded, 
the  left  kidney  greenish-black  and  deeply  corroded  in  lines,  ami 
the  mesentery  and  left  side  of  the  peritoneum  to  the  pelvis  blue- 
black.  Scholz-  has  reported  the  case  of  a  woman  of  twenty-nine 
years  who  died  in  twenty-four  hours  after  taking  125  c.c.  (about 
5ivss.)  of  the  undiluted  acid,  and  the  autopsy  was  made  twelve 
hours  after  death.  The  stomach,  which  was  blackened  and 
softened,  was  perforated  in  four  places,  the  adjoining  peritoneum 
was  softened,  and  the  omentum  in  places  glued  to  the  abdominal 
wall  by  fibrinous  exudation.  Between  the  abdominal  wall, 
the  liver,  and  lesser  omentum  was  a  sero-purulent  liquid  con- 
taining gas;  and  the  liver  and  spleen  were  a  soft  pulp.  Or 
the  diaphragm  may  even  be  perforated.  In  an  early  case  re- 
ported bj-  Willndovius,^  the  suicide  died  in  two  hours.  The 
stomach,  in  spite  of  the  most  careful  handling,  tore  into  pieces, 
and  its  coats  could  not  be  distinguished;  only  a  few  tatters  of 
the  omentum  remained;  the  diaphragm  was  soft  and  corroded 
in  places;  the  lungs  were  adherent  to  the  pleuras,  and  their  exte- 
rior brown  and  leathery  to  the  depth  of  two  lines.  In  another 
instance,  reported  by  Moore,  ^  in  which  death  occurred  in  an 
hour  and  a  half,  the  oesophagus  and  diaphragm  were  both  in- 
volved; the  oesophagus  was  saturated  with  the  acid,  which  had 
soaked  through  and  saturated  the  pericardium  and  back  part  of 
the  heart.  At  the  base  of  the  lung  one-eighth  of  the  lung  tissue 
was  hardened.  The  acid  may  also  attack  the  blood  in  the  ves- 
sels, which  it  coagulates,  hardens,  and  blackens,  producing  an 
appearance  of  black  arborescence  in  the  smaller  vessels,  and  the 
formation  of  hard  black  casts,  like  sticks  of  licorice,  in  the 
larger  vessels. °     The  cavities  of  the  heart  have  also  been  found 

'  "Memorabil.,"  Heilbronn,  1870,  See   also   Lesser:    Vrtljschr.    f.   ger. 

XV.,  29.5.  Med.,  1898,  3  F.,  xvi.,  76. 

=  Aerztl.  Ber.  allg.  k.  Krankenh.,  '^  Haldane:  Edinb.  M.  Jour.,  1862, 

Wien  (1891),  1893,  70.  vii.,     739.     Stausky:     Bull.     soc. 

Uour.     d.     prakt.  Heilk.,     1819,  d'anat.,  Paris,  1836,  xi.,  298.     Gri- 

xlix.,  3  St.,  56.  zolle:  Ihid.,   1835,  x.,   132.     Moore: 

*  Brit.    M.    Jour.,    1879,    i.,    4.30.  Tr.  Path.   Soc,   Lond.,   1879,  xxx., 

297. 
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distended  with  dark  clots,  which  were  acid  in  reaction,  the  post- 
mortem having  been  made  thirteen  hours  after  death.' 

In  most  instances  the  changes  do  not  extend  beyond  the 
stomach,  but  congestion,  ecchymoses,  swelhng,  and  csdema  of 
the  mucous  membrane  of  the  duodenum  and  upper  small  intes- 
tine, and  ulcerations  of  the  upper  and  lower  small  intestine,  as 
far  as  the  ileo-csecal  valve,  are  frequently  observed.  Indeed,  in 
some  cases  the  duodenum  has  been  blackened  and  corroded  in 
the  same  manner  as  the  stomach,^  while  in  other  instances  the 
corrosion  of  the  duodenum  has  advanced  to  perforation.'  In 
one  case  intestinal  stricture  was  observed.  Death  had  followed 
the  swallowing  of  the  acid  in  two  hours.  The  mucous  coat  of 
the  small  intestine  was  much  shrivelled,  the  valvulse  conniventes 
standing  out  like  thick  cords,  so  as  to  entirely  obhterate  the 
canal.* 

The  larynx  and  trachea  are  the  seat  of  serious  lesions  if  the 
acid  have  passed  the  epiglottis.  In  Walker's  case,  above  men- 
tioned, the  larynx  and  trachea,  to  within  an  inch  of  the  bifurca- 
tion, were  swollen  and  congested,  of  a  coffee  color,  and  deprived 
of  mucous  membrane.  The  epiglottis  was  bleached  and  shrunken 
to  half  its  natural  size.  In  a  woman  who  died  in  thirty 
hours,  the  larynx  and  trachea  contained  a  gray,  rather  abundant 
liquid,  and  a  gray  adherent  membrane  which  extended  into  the 
larger  bronchi.  The  smaller  bronchi  contained  much  thick, 
opaque,  light-greenish  secretion.'  A  woman  was  found  dead  in 
her  chair,  the  face  black,  with  a  bottle  of  sulfuric  acid  in  her 
hand.  She  had  probably  been  dead  about  two  hours.  The  acid 
had  not  reached  the  stomach,  but  had  corroded  the  epiglottis, 
The  rings  of  the  trachea  were  quite  dissected  out  and  the  lungs 
charred.  The  acid  had  escaped  into  the  pleura,  had  dissolved  a 
part  of  the  ribs  on  the  right  side,  and  had  formed  a  crust  of  cal- 
cium sulfate  on  the  lungs.  The  thoracic  vessels  contained  a 
sohd  magma  of  decomposed  blood,  looking  hke  dried  blacking.' 

'  Walker:    Mthly.    Jour.    M.    Sc.  Times     and     Gaz.,     1873,    ii.,    "-• 

1850,  X.,  538.     Leyden  and  Munk:  Walker:  Mthly.  Jour.  M.  Sc,  1850, 

Arch.    f.    path.    Anat.,    etc.,    1861,  x.,    538.     Maschka:   Yierteljschr.  f. 

xxii.,  237,  Case  i.  ger.  Med.,  1S81,  n.  F.,  xxxiv,,  197. 

^  Corfe:  M.  Times  and  Gaz.,  1S48,  ••  Willndovius:  Loc.  cit. 

xvii.,  258.     Leyden  and  Munk:  Loc.  =  Katz:  Diss.,  Berl.,  1872,  p.  29. 

cit.,  Case  ii.  »  Letheby:   M.   Times  and  Gaz., 

'Prestat:    Bull.    Soc.     anat.    de  1850,  n.  s.,  i.,  58,  Case  iii. 
Paris,  1837,  xii.,   315.    Thomas:   M. 
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In  one  case  the  corrosive  action  of  the  acid  had  estabhshed  com- 
munication between  the  oesophagus  and  the  left  bronchus.^ 

Among  the  remote  effects  are  evidences  of  pleuro-pneumonia, 
emphysema,  and  hypersemia  in  the  lungs,  of  parenchymatous 
nephritis  in  the  kidneys."  Fatty  degeneration  of  the  liver,  heart, 
kidney,  and  voluntary  muscles  has  been  observed  even  in  rapidly 
fatal  cases. ^ 

Secondary. — The  usual  post-mortem  appearances  after 
death  from  the  secondary  action  of  sulfuric  acid  are  in  marked 
contrast  with  those  found  when  death  has  been  due  to  its  pri- 
mary effects.  They  more  closely  resemble  those  found  when  the 
fatal  result  has  followed  the  secondary  action  of  the  other  corro- 
sives. The  body  is  greatly  emaciated.  The  subcutaneous  pan- 
niculus  is  almost  free  from  fat,  which  has  also  in  great  part  dis- 
appeared from,  or  suffered  myxomatous  degeneration  in,  internal 
parts  where  it  is  usually  present  even  in  very  thin  subjects,  as 
in  the  omentum  and  about  the  kidneys.  The  eyes  appear  sunken 
from  removal  of  fat  from  the  orbit.  This  emaciated  condition 
has  also  been  observed  in  cases  of  as  comparatively  short  dura- 
tion as  five  days.*  If  the  local  action  of  the  acid  upon  the  skin, 
particularly  at  the  angles  of  the  mouth,  lips,  tongue,  and  buccal 
and  pharyngeal  mucous  membrane  have  been  severe,  the  places 
of  its  action  may  be  marked  by  eschars,  or  by  whitish,  hardened, 
contracted  cicatrices.  But  if  the  acid  have  not  come  in  contact 
with  any  one  of  the  parts  mentioned,  or  even  if  it  have  there  oc- 
casioned less  severe  injuries,  no  changes  in  the  skin,  lips,  mouth, 
or  tongue  may  be  observed,  even  in  cases  of  comparatively  rapid 
course.^  On  the  other  hand,  such  marks  cannot  be  distinguished 
macroscopically  or  microscopically  from  similar  ones  produced  by 


*  Nagel:  Ungar.  Ztschr.,  1851,  i.,  Fraenkel  u.   Reiche:  Arch.   f.  path.. 

i8.     See  also:   Wagnier:   Rev.   int.  Anat.,  etc.,  1893,  cxxxi.,  130. 

de  rhinoL,  etc.,  1895,  v.,  65;  Bolten-  ^  Wagner:  "Handb.  d.  allg.  Path.," 

stern:  Ther.  Mtsh.,  1902,  xvi.,  541.  2te  Aufl.,  1862,  277  (case  fatal  in  3 

^ For  microscopic  appearances  after  hours;    Lower:    loc.    cit.   (2     days) 

death  from  primary  and  secondary  Fraenkel  and  Reiche:  Virch.  Arch., 

action    of    sulfuric    acid    see    Fern-  1893,  cxxxi.,  136  (5  hours), 

bacher:     "Ein     Fall     von     Schwe-  '' Legg  and   Ormerod:  St.   Barth. 

felsaure-Vergiftung,"     Diss.,     Mun-  Hosp.  Rep.,  1876,  xii.,  261. 

chen,  1890.      Bamberger:    Wien.  '^  Casper- Liman:  "Handb.  d.  ger. 

med.  Halle,  1864,  v.,  301,  309.     L6-  Med.,"  8te  Aufl.,  ii.,  472,  Case  193. 

wer:    Ber.  kl.   Wchnschr.,    1864,   i.,  Niemann:    Ztsch.    f.    Staatsarznk., 

385.     Lesser:  "Atl.  d.  ger.  Med.,"  1862,  Ixxxiii.,  179. 
PI.  XV.,  Figs.  7,  8;  PI.  xvi..  Fig.  6. 
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other  causes.'  The  oesophagus  is  more  or  less  extensively 
ulcerated,  cicatrized,  deprived  of  mucous  membrane,  contracted, 
and  its  walls  thickened.  In  a  man  who  died  in  three  months 
from  the  effects  of  a  mouthful  of  the  acid  the  mucous  membrane 
of  the  oesophagus,  with  the  exception  of  the  upper  six  centime- 
tres, was  one  diffuse  ulcer,  increasing  in  depth  toward  the  cardia, 
with  two  small  necrotic  spots  in  the  upper  part.  The  oesopha- 
gus was  not  contracted,  but  somewhat  dilated  throughout  its 
length.^  The  strictures  of  the  oesophagus  are  sometimes  single 
and  located  at  the  lower  part,  but  more  frequently  multiple,  and 
sometimes  alternated  with  dilatations.^.  The  color  of  the 
oesophageal  mucous  membrane  is  gray,  dark  gray,  or  red-brown, 
but  has  been  found  blackened  in  places  in  a  case  of  three  months' 
duration.*  The  cicatrized  appearances  due  to  the  action  of  the 
corrosive  may  also  be  accompanied  by  more  recent  lesions,  linear 
ecchymoses,  or  hemorrhages,  caused  by  the  too  forcible  intro- 
duction of  the  sound  in  attempts  at  dilatation.^  The  oesophagus 
has  also  been  found  perforated  by  late  ulceration  in  a  child  which 
died  in  forty-five  days.'  The  ulcerative  processes  may  also  ex- 
tend from  the  oesophagus  to  surrounding  tissues.'  The  stomach 
is  contracted,  its  walls  thickened,  its  mucous  membrane  either 
wanting  and  replaced  by  more  or  less  extensive  cicatrices,  or 
the  seat  of  catarrhal  inflammation,  and  of  a  yellow-buff  color.' 
Very  frequently  thickening  at  the  pylorus  causes  more  or  less 
complete  stenosis. °  When  this  occurs  the  stomach  may  be 
enormously  dilated.'"  The  stomach  has  also  been  found  at- 
tached to  the  liver,  pancreas,  omentum,  or  abdominal  wall  by  old 


'Lesser: Virch.  Arch.,  1881, Ixxxiii.,  Lafitte:  Bull.   Soc.   anat.  de  Paris, 

196;  Vrtljschr.  f.  ger.  Med.,  xxxiii.,  1890,  5  S.,  iv.,  67. 

1882,  n.  F.,  xxxvi,,  193.  «  Niemann:  Loc.  clt. 

^     2  Kast    and     Rumpell:     "Illustr.  'Lesser:  "Atl.  d.  ger.  Med.,"  i., 

Path.  Anat.,"  Lond.,  1893,  F.  ii.  30. 

^Husson:     Bull.    Soc.    anat.    de  "  Husson:  Bull.  soc.  d'anat., Paris, 

Paris,  1836,  xi.,  103;  Mascarel:  ihid.,  1836,  xi.,  103. 

1840,   XV.,   299;   Mazet:  *td.,    1841,  '  Ducastel:  Loc.  c/i. 

xvi.,     172;    Moutard-Martin:    ihid.,  «For     good    colored    plates   see 

1845,   XX.,  42;    Peters:   ihid.,  Lesser:  "Atl.  d.  ger.  Med.,"  PL  v. 

1855,  xxx.,  153;  Luton: -iWd.,  1856,  Fig.    2;     Kast   and   Rumpell:  "m- 

xxxi.,  497;   Wyss:   Arch.  d.  Heilk.,  Path.  Anat.,"  F.  ii. 

1860,   x.,   184.     Katz:  Diss.,    Berl.,  "See   p.  252,  and   cases  cited  by 

1872,   p.  28.     Ducastel:    Bull.  Soc.  Qu^nu    and    Petit:    Rev.  de  chir. 

anat.  de  Paris,  1872,  2  S.,  xvii.,  336;  1902,  xxv.,  51,  176. 

Liouville:  «6?d.,   p.   274;   Sands:  '»  Bouilland:  Gaz.  d.  hop.,  Iwi 

N.    Y.     M.    .7.,     1S84,    xxxix.,  535;  vii.,  496. 
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adhesions.'  The  duodenum  and  upper  small  intestine  present 
changes  similar  to  those  observed  in  the  stomach.  The  duo- 
denum has  also  been  found  perforated.' 

Analytical. 

The  materials  to  be  analyzed  may  be  either  the  viscera  or 
vomit  of  the  victim;  the  remains  of  articles  of  food  or  other  ma- 
terial supposed  to  have  been  the  vehicle  of  administration;  or 
stains  upon  the  clothing  or  elsewhere. 

The  Contents  of  the  Stomach  or  Vomit. — These  are  usu- 
ally strongly  acid  in  reaction;  but  neither  does  a  very  distinct 
acid  reaction  indicate  conclusively  the  presence  of  abnormal  free 
mineral  acid,  nor  does  its  absence  prove  that  none  has  been  pres- 
ent. Not  only  is  the  reaction  of  the  stomach  contents  normally 
acid  during  life  from  the  presence  of  free  hydrochloric  or  lactic 
acid,  or  both;  but  very  soon  after  death  the  alkaline  reaction,  ex- 
isting in  all  parts  of  the  body  other  than  the  stomach  and  urine 
during  life,  rapidly  gives  place  to  an  acid  reaction,  caused  by 
the  formation  of  volatile  fatty  acids,  lactic  acid,  and,  exception- 
ally, oxybutyric  acid,  as  products  of  post-mortem  decomposition. 
As  these  acids  are  organic,  and  as  the  contents  of  the  stomach 
may  normally  contain  the  salts  of  hydrochloric,  sulfuric,  and 
even  nitric  acid,  the  first  point  necessary  in  the  analysis,  after 
suitable  extraction,  is  the  proof  of  the  presence  of  a  free  min- 
eral acid. 

The  existence  of  an  alkaline  reaction  or  the  absence  of  acid- 
ity, while  it  is  not  evidence  that  corrosion  by  a  mineral  acid 
has  not  occurred,^  indicates  the  impossibility  of  direct  chemical 
evidence  of  the  presence  of  a  free  acid,  and  limits  the  value  of 
the  analysis  to  such  confirmatory  proof  as  is  afforded  by  the 
presence  of  an  undue  quantity  of  the  salts  of  the  acid  or  an  un- 
usual form  of  its  combination.  Such  a  condition  may  arise 
from  one  of  two  causes:  1.  The  administration  of  antidotes  in 
excess,  in  which  event  the  stomach  contents  or  vomit  will  be 

'Ackermann:    Deut.    m.    Wchn-  Paris,  1835,  x.,  315;  Legendre: /6id., 

schr.,   1894,   xx.,  835.     Masing:  St.  1883,  4  s.,  viii.,  200. 

Pet.  m.  Wchnschr.,  1885,  n.  F.,  ii.,  'For     cases     in     illustration     see 

310.     Grajffner:  Diss.,  Breslau,  1875,  MasChka:  Gutaclit.  Prag.  med.  Fak., 

p.  15.     Wyss:  hoc.  cit.  1867,    3  F.,   284.     Buchner:  Fried- 

^Prestat:     Bull.     Soc.     anat.     de  reich's     Bl.     f.     ger.     Med.,      1886, 

.XXX vii.,  9. 
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found  to  contain  a  quantity  of  the  combined  acid  much  in  excess 
of  that  which  can  be  normally  present,  particularly  if  the  acid 
be  nitric  or  sulfuric,  accompanied  or  not  by  an  excess  of  the  ba- 
sic substance  (magnesium  oxid,  etc.)  which  was  given  as  an  an- 
tidote. 2.  In  many  cases  the  corrosive  is  so  completely  expelled 
by  vomiting,  even  within  a  few  hours,  that  none  remains.  In 
Schauenburg's  case,'  in  which  the  child  died  in  about  five  hours, 
during  which  there  was  violent  and  copious  vomiting,  the  analy- 
sis failed  to  give  satisfactory  evidence  of  the  presence  of  the 
acid.^  Moreover,  the  acid  acts  chemically  upon  the  tissues,  be- 
ing itself  thereby  modified  by  combination  and  dilution,  and  the 
products  so  formed  are  rapidly  absorbed  and  as  rapidly  elimi- 
nated. It  goes  without  saying  that  none  of  the  acid  can  be 
found  in  the  cadavers  of  those  who  have  died  from  its  secondary 
effects.'  Indeed,  failures  to  detect  the  free  acid  in  the  stomach 
contents  after  death  constitute  the  rule  rather  than  the  exception, 
and  Buchner's  statement  that  "  the  chemical  detection  of  a  poi- 
soning by  nitric  or  sulfuric  acid  is  as  a  rule  impossible"*  is  quite 
true.  Nevertheless,  an  analysis,  including  a  quantitative  deter- 
mination of  sulfates,  as  well  as  of  free  sulfuric  acid,  should  never 
be  omitted  if  death  have  occurred  within  forty-eight  hours  after 
the  acid  was  taken  and  the  history  and  post-mortem  appearances 
(which  are  generally  clearly  defined)  point  to  the  probability  of 
sulfuric  acid  corrosion,  as  both  free  acid  and  excess  of  sulfates 
have  been  repeatedly  detected  not  only  in  the  vomit,  but  in  the 
stomach  contents,  after  death.  On  the  other  hand,  in  the  ab- 
sence of  such  indications  pointing  to  the  presence  of  a  corrosive, 
it  is  inadvisable  to  jeopardize  the  detection  of  true  poisons  by  a 
search  for  the  corrosives.  In  one  instance,  0.031  gm.  of  free 
sulfuric  acid  was  found  in  40  gm.  (about  half  a  grain  in  one 
and  a  half  ounces)  of  the  stomach,  oesophagus,  and  intestine  of 
a  child  thirteen  days  old,  that  had  died  in  twenty-four  hours 

'  Vierteljschr.  f.  ger.  Med.,  1S72,  =  Yet  Egger  (Friedreich's  Bl.,  1900, 

n.  F.,  XVI.,  54.      _  li.,  241)  reports  a  case  of  death  in 

'^The  analyst  in  this  case,  how-  three  months  from  pyloric  stenosis 

ever,  seems  to  have  detected  traces  in  which  there  is  said  to  have  been 

of  the  acid,  but  to  have  been  un-  0.1552  gm.  sulfuric  acid  found  in  the 

willing  to  recognize  them  under  the  stomach  and  duodenum.     No  c'  '  "" 


mistaken   idea   that    "free   sulfuric  of  the  analysis  are  given. 

acid  can  occur  in  the  stomach  con-  *  Neues  Repert.  f.  Pharm.,  1866, 

tents  of  normal  cadavers,"  loc.  eit.,  xv     241 

p.  60.  ;  .         • 
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after  its  mother  had  poured  the  acid  down  its  throat.'  If, 
however,  the  victim  survive  more  than  a  few  hours  (eight  to 
ten),  the  probabihties  of  detection  of  the  free  acid  are  quite  re- 
mote; although  an  excess  of  sulfates  may  still  be  found,  as  in 
another  case  in  Casper-Liman,^  also  of  twenty-four  hours' 
duration,  in  which  no  evidence  of  free  acid  was  obtained  from 
the  stomach  and  oesophagus,  which,  however,  yielded  0.0257 
gm.  (0.4125  "gran")  of  the  acid  in  combination. 

But  four  analyses  made  by  Bischoff  demonstrate  the  pos- 
sibility of  the  detection  of  free  sulfuric  acid  not  only  in  the 
stomach,  but  also  in  the  neighboring  organs  in  cases  of  death 
from  the  primary  action  of  the  corrosive,  even  when  the  analysis 
has  been  deferred  for  a  comparatively  long  time.  In  one  of  these, 
in  which  a  woman  had  died  in  six  hours,  and  the  analysis  was 
made  sixteen  days  after  death,  he  obtained  12.478  gms.  of  free 
sulfuric  acid  (SO3)  from  the  stomach  and  intestine,  and  2.775 
gms.  from  the  neighboring  organs.  In  the  same  case  he  obtained 
from  the  liver  329,  from  the  kidney  651  and  from  the  spleen  2188 
mgms.  of  total  SO3,  free  and  combined,  per  100  gms.  of  tissue,  while 
the  normal  SO3  content  of  these  organs  is:  liver  5.2,  kidney  11.5, 
and  spleen  00  per  cent.  In  another  case  in  which  death  occurred 
in  eight  and  one-half  hours,  and  the  analysis  was  made  fifty-one 
days  later,  18.72  mgms.  of  free  sulfuric  acid  were  found  in  the 
stomach,  oesophagus,  and  upper  duodenum.  In  another  of 
Lessor's  cases,  Nitschke  found  in  the  brain  a  proportion  of  sul- 
fates (60.9  mgms.  SO3  in  100  gms.)  very  much  above  the  normal  (8.5 
to  18.7  mgms.).  Knauss*  also  reported  a  case  of  death  in  twenty- 
seven  hours,  in  which  10.7  gms.  of  free  sulfuric  acid  were  found  in 
the  stomach. 

As  several  sulfates  (such  as  those  of  sodium,  magnesium, 
quinin,  morphin,  etc.)  are  in  common  use  as  medicines,  and  as 
many  articles  of  food  and  nearly  all  natural  waters  contain 
notable  quantities  of  the  sulfates  of  sodium,  potassium,  calcium, 
and  magnesium,  the  detection  of  the  acid  in  the  stomach  or 
vomit,  in  any  form  other  than  uncombined,  can  only  be  con- 
sidered as  confirmatory  evidence,  the  weight  of  which  will  vary 

' Casper- Liman:  "Handb.  d.  ger.  'Lesser:   Vrtljschr.  f.  ger.   Med., 

Med.,"  8te  Aufl.,  ii.,  468.  1898,  3  F.,  xvi.,  76. 

'  Loc.  cit.,  p.  465.  'Med.     Abhand!.,     Festschrift  d. 

Stuttg.  aerztl.  Ver.,  1897,  188. 
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with  the  circumstances  of  the  case.  If,  for  instance,  a  large 
quantity  of  magnesium  sulfate,  accompanied  by  excess  of  mag- 
nesium oxid  or  hydroxid,  be  found  in  the  vomit  discharged  from 
the  stomach  of  a  person  to  whom  magnesium  oxid  had  been  ad- 
ministered, the  inference  that  the  magnesium  sulfate  was  pro- 
duced in  the  stomach  contents  by  neutralization  of  the  acid  by 
the  base  would  be  strong  in  the  absence  of  positive  evidence  of 
the  administration  medicinally  of  a  mixture  of  magnesium 
sulfate  and  oxid,  a  combination  which,  although  sometimes  used, 
is  exceptional. 

To  extract  mineral  acids  from  organic  mixtures,  stomach  con- 
tents, vomit,  etc.,  these  are  treated  with  absolute  alcohol  in  such 
quantity  that  the  material  is  in  contact  with  alcohol  of  at  least 
seventy-five  per  cent.  The  mixture  is  warmed  to  50°-60°  (122°- 
140°  F.)  for  about  ten  hours,  filtered,  and  the  insoluble  residue 
washed  with  strong  alcohol  so  long  as  the  washings  have  an  acid 
reaction.  The  filtrate  and  washings  are  received  in  a  gauged 
flask,  made  up  to  a  known  volume,  thoroughly  mixed,  and 
aliquot  portions  taken  for  qualitative  and  quantitative  ex- 
amination. In  a  portion  the  presence  or  absence  of  free  mineral 
acid  is  determined;  another  part  is  neutralized  exactly  with  pure 
■  caustic  potash  in  alcoholic  solution,  evaporated  to  dryness,  and 
the  residue  examined  qualitatively  to  determine  the  nature  of 
the  acid.  The  material  left  undissolved  by  alcohol  is  to  be  ex- 
tracted in  like  manner  with  xvater,  and  the  aqueous  extract  ex- 
amined as  to  the  presence  and  quantity  of  soluble  salts  of  such 
acid  as  may  have  been  found.  Finally,  the  material  left  undis- 
solved by  alcohol  and  water  is  treated  with  excess  of  pure  di- 
sodic  carbonate,  dried,  fused,  and  the  residual  mass  extracted 
with  water  or  dilute  hydrochloric  or  nitric  acid.  In  this  solu- 
tion the  bases  and  acids  present  in  insoluble  combination  are 
identified  and  determined  quantitatively.' 

The  presence  of  a  free  mineral  acid  is  indicated  by  the  fol- 
lowing reactions: 

1.  A  few  drops  of  an  alcoholic  solution  of  methyl  violet 
(1  :  100)  colors  the  liquid  blue. 

2.  An  aqueous  solution  of  Congo  red  forms  a  blue  color  or  a 
blue  precipitate.     With  acetic  acid  the  color  is  violet. 

3.  A  few  drops  of  the  liquid  added  to  three  or  four  drops  of 

'  See  alsd  pp.  2S7,  2'.)S. 
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an  alcoholic  solution  of  tropaolin  00  (1   :  1,000)  and  warmed, 
produce  a  violet  color. 

4.  Add  to  solution  of  ferric  acetate  (Liq.  ferri  acetatis,  U.  S. 
P.),  diluted  with  water  until  it  has  only  a  faint  yellow  color,  a 
few  drops  of  a  solution  of  potassium  thiocyanate.  The  solution 
remains  yellow,  but  on  addition  of  a  trace  of  a  free  mineral  acid 
is  colored  blood-red. 

5.  Add  to  a  similarly  diluted  solution  of  ferric  acetate  a  little 
potassium  iodid  solution  and  some  starch  paste.  The  blue 
starch-iodin  reaction  appears  on  the  addition  of  a  trace  of  free 
mineral  acid. 

6.  A  test-paper,  made  by  dipping  ash-free  filter-paper  into  a 
freshly  prepared  solution  of  1  gm.  phloroglucin  and  2  gm.  of 
vanillin  in  30  gm.  of  alcohol,  assumes  a  red  color  or  a  red  bor.- 
der  to  the  carbonized  portion,  when  dipped  into  a  liquid  contain- 
ing free  mineral  acid  and  heated  in  a  small  capsule. 

Free  sulfuric  acid  is  distinguished  from  sulfates  by  the 
following  tests: 

1.  Add  a  few  crystals  of  granulated  cane  sugar,  and  evapo- 
rate to  near  dryness;  the  residue  becomes  blackened  b}-  free 
sulfuric  acid  as  it  approaches  dryness. 

2.  Concentrate  the  liquid,  add  some  strips  of  metallic  copper, 
and  heat.  In  the  presence  of  free  sulfuric  acid  the  odor  of  sul- 
fur dioxid  (burning  sulfur  matches)  is  produced.  If  the  con- 
centrated liquid  and  copper  be  heated  together  in  a  small  flask, 
fitted  with  a  cork  through  which  passes  a  tube  twice  bent  at 
right  angles,  whose  free  end  dips  into  a  small  quantity  of  water 
in  a  test-tube,  the  water  will  contain  sulfurous  acid,  recogniza- 
ble by  its  odor;  or  by  addition  of  a  crystal  of  iodic  acid  and 
agitation  with  chloroform,  when  the  aqueous  liquid  becomes 
yellow  and  the  chloroform  violet. 

3.  A  crystal  of  veratrin,  moistened  with  concentrated  sul- 
furic acid,  is  colored  slowly  yellow,  and  after  a  time  dissolves, 
forming  a  crimson  hquid.  The  color  is  not  produced  by  the 
dilute  acid. 

4.  By  the  quantitative  method  given  below. 

Test  for  free  sulfuric  acid  or  soluble  sulfates. — Solution  of 
barium  chlorid  (or  nitrate)  produces  in  solutions  of  sulfuric  acid 
or  of  sulfates,  acidulated  with  hydrochloric  pr  nitric  acid,  a 
white  precipitate  of  barium  sulfate.     Nitric   acid  and  barium 
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nitrate  are  used  in  place  of  the  corresponding  chlorin  compounds 
in  the  presence  of  silver,  lead,  or  mercurous  compounds,  which 
precipitate  with  hydrochloric  acid.  The  only  other  mineral 
compounds  of  barium  insoluble  in  acid  liquids  are  the  selenate 
and  silico-fluorid,  both  of  which  are  compounds  rarely  met  with 
and  not  likely  to  be  present  in  mixtures  examined  by  the  toxico- 
logical  chemist.  Even  this  remote  doubt  may  be  removed  by 
drying  the  precipitate  of  barium  sulfate,  mixing  it  with  a  mix- 
ture of  sodium  carbonate  and  potassium  cyanid,  and  heating 
to  redness  on  the  lid  of  a  platinum  crucible,  by  which  treatment 
the  sulfate  is  reduced  to  sulfid.  The  presence  of  the  latter  is  rec- 
ognized by  placing  a  fragment  of  the  cooled  melt  on  a  piece  of 
paper  which  has  been  previously  moistened  with  dilute  solution 
of  lead  acetate  and  dried,  and  adding  a  drop  of  dilute  hydro- 
chloric acid.  If  a  sulfid  have  been  formed,  the  fcstid  odor  of 
hydrogen  sulfid  is  observed,  and  the  paper  is  turned  brown  or 
black. 

Other  reactions  common  to  free  sulfuric  acid  and  the  sulfates, 
but  much  less  delicate  than  the  barium  test  and  by  no  means  as 
characteristic,  are:  1.  Strontium  nitrate  forms  a  white  precipi- 
tate, which  is  soluble  to  a  slight  extent  in  hydrochloric  and  nitric 
acids.  2.  Lead  acetate  forms  an  amorphous  white  precipitate, 
which  is  somewhat  soluble  in  solutions  of  the  caustic  alkalies 
and  of  ammoniacal  salts. 

The  quantity  of  sulfuric  acid,  whether  present  as  free  sul- 
furic acid  or  as  sulfate,  is  estimated,  by  precipitation  as  barium 
sulfate,  with  the  usual  analytical  precautions,  and  weighing  the 
barium  salt  after  ignition.  The  weight  of  barium  sulfate  found, 
multiplied  by  0.4201,  gives  the  weight  of  sulfuric  acid  (H2SO,) 
(and  XO. 3429  =  803)  in  the  quantity  of  liquid  examined. 

To  estimate  the  quantity  of  free  sulfuric  acid  in  the  presence 
of  sulfates,  a  measured  volume  of  the  solution  is  evaporated 
to  as  near  dryness  as  is  possible  on  the  water-bath,  and  the  resi- 
due extracted  with  a  mixture  of  equal  parts  of  absolute  alcohol 
and  ether.  The  solution  is  mixed  with  water,  and  warmed  on 
the  water-bath  to  expel  the  ether  and  a  portion  of  the  alcohol. 
The  cooled  liquid  is  made  up  to  a  known  volume  with  water, 
and  in  a  known  fraction  the  degree  of  acidity  is  determined  by 
titration  with  one-tenth  normal  caustic  potash  solution,  using 
litmus  or  methyl  orange  as  an  indicator.     The  remainder  of 
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the  solution  is  evaporated  to  one-third  of  its  bulk,  diluted  if 
necessary  with  water,  and  treated  with  nitric  acid  and  barium 
nitrate  solution.  The  precipitated  barium  sulfate  is  collected 
and  weighed.  The  filtrate  and  washings,  concentrated  if  neces- 
sary, are  treated  with  nitric  acid  and  ammonium  molybdate 
solution,  and  the  quantity  of  phosphoric  acid  in  the  yellow  pre- 
cipitate determined  by  the  usual  method'  (see  below).  The 
results  obtained  by  this  process  are  not  absolutely  accurate,  but 
they  are  more  nearly  so  than  with  other  processes,  such  as  by 
neutralization  with  barium  carbonate;  by  mixing  with  alcohol 
without  evaporation;  by  extraction  with  ether  alone;  by  ex- 
traction of  the  residue  of  evaporation  with  water,  either  after 
or  without  ignition;  or  by  calculation  from  the  total  quantity 
of  bases  and  acids. ^  The  sources  of  error  are  the  following: 
There  may  be  more  or  less  action  between  the  dissolved  sul- 
furic acid  and  the  alcohol,  by  which  the  dibasic  mineral  acid 
is  converted  into  the  monobasic  sulfovinic  acid  (C2H5.HSO4), 
which  only  requires  half  the  quantity  of  caustic  potash  for  its 
neutralization.  This  action  is  the  less  the  smaller  the  quantity 
of  sulfuric  acid  present  and  the  lower  the  temperature  of  evap- 
oration; hence,  if  the  extract  be  strongly  acid,  it  should  be 
diluted  with  water  correspondingly,  and  during  the  heating  to 
expel  ether  the  water  in  the  bath  should  not  be  heated  to  boiling. 
Although  the  sulfates  are,  as  a  rule,  insoluble  in  alcohol-ether,  the 
ferric  sulfate  is  somewhat  soluble.  If  present,  however,  it  colors 
the  liquid  yellow.  Free  lactic  acid  is  soluble  in  alcohol-ether,  as 
well  as  free  sulfuric  and  phosphoric  acids.  If  it  be  present,  the 
total  acidity  will  exceed  that  accounted  for  by  the  sum  of  the 
amounts  of  sulfuric  and  phosphoric  acids  found. 

The  separation  of  free  from  combined  sulfuric  acid  may  also  be 
effected  by  Roussin's  method,^  in  which  advantage  is  taken  of 
the  solubility  of  quinin  sulfate  in  strong  alcohol,  and  the  insolu- 
bility therein  of  metallic  sulfates.  The  materials  are  extracted 
with  water.  The  aqueous  extract  is  filtered  and  mixed  with 
freshly  precipitated  and  thoroughly  washed  quinin  in  slight  ex- 
cess, and  evaporated  on  the  water-bath.     The  semi-fluid  residue 

'Presenius:  "Quant.  Anal.,"  6te  Ann.  d'hyg.,   etc.,   1884,   3  S.,  xi., 

Aufl.,  i.,  404.  227;  andFresenius:  "Quant.  Anal.," 

^See     Beilstein    and    Grosset:  6te  Aufl.,  i.,  399. 

Ztschr.   f.   an.   Chem.,    1890,   xxix.,  ^Tardieuand  Roussin:  "Empojs.," 

73.     Gamier  and  Schlagdenhauffen:  2Sme  ed.,  196. 
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is  extracted  several  times  with  absolute  alcohol,  and  the  alcoholic 
solution  filtered  off  and  evaporated  to  dryness.  The  residue  may 
be  dissolved  in  hot  water,  cooled,  the  quinin  precipitated  by 
ammonia,  filtered,  acidulated  with  hydrochloric  acid,  and  the 
sulfuric  acid  determined  by  barium  chlorid. 

If  a  notable  quantity  of  combined  sulfuric  acid  have  been 
found,  the  bases  present  should  be  quantitatively  determined, 
notably  the  sodium  and  magnesium. ' 

The  significance  of  the  presence  of  free  phosphoric  acid  was 
first  recognized  by  Gamier,-  in  the  case  referred  to  in  the  note 
above,  in  which  the  alcohol-ether  extract  from  the  alimentary 
canal  was  strongly  acid  from  the  presence  of  a  fixed  acid,  yet 
contained  no  sulfuric  acid.  The  acidity  was  ascribed  to  the 
presence  of  free  phosphoric  acid,  liberated  from  the  phosphates 
by  the  stronger  sulfuric  acid,  which  had  itself  combined  with 
the  bases.  Consequently,  the  existence  of  free  phosphoric  acid 
in  viscera  (unless  it  have  been  medicinally  administered)  pre- 
senting the  lesions  caused  ))v  the  corrosives,  is  strong  confirma- 
tory evidence  that  sulfuric  acid  has  been  present.  This  view  is 
supported  by  the  fact  that,  as  Garnier  has  shown,  the  other  free 
acids  likelj''  to  be  present — hydrochloric,  butyric,  and  lactic — are 
not  competent  to  liberate  phosphoric-  acid  from  the  phosphates. 

In  the  case  referred  to  (Affaire  de  Lichtember|;,  Assises  de 
Saint  Michel,  1883)  Garnier  and  Schlagdenhauffen  also  noted 
the  presence  of  minute  quantities  of  arsenic  in  the  cadaver. 
The  quantity  was  such  as  would  be  accounted  for  by  the  inges- 
tion of  seven  to  eight  grammes,  or  about  a  teaspoonful  of  the 
commercial  acid,  which,  notorious^,  is  always  contaminated 
with  arsenic.  The  viscera  should  also  be  examined  for  lead,  and 
its  quantity  determined  if  found,  as  that  metal  is  a  frequent  im- 
purity of  commercial  oil  of  vitriol. 

Examination  of  Suspected  Materials. — ^This  may  be  limited 
to  the  mere  identification  and  the  determination  of  the  degree  of 
concentration  of  a  sample  of  commercial  oil  of  vitriol,  or  it  may 
extend  to  an  examination  of  articles  of  food,  drink,  or  medicine, 
not  only  for  sulfuric  acid,  but  for  other  substances  as  well. 

The  acid  is  readily  identified  by  its  giving  off  dense  white 

'For    methods     see     Fresenius:  -Aim.    d'hyg.,    etc.,    18S7,  xvii., 

"Quant.  .\nal.,"  6te  Aufl.,  or  John-       14S. 
son's  translation. 
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fumes,  and  being  volatilized, with  little  or  no  residue  when  suffi- 
ciently heated;  by  its  blackening  sugar;  by  the  development  of 
heat  on  dilution  with  water,  and  by  the  barium  chlorid  test 
above  given.  Its  concentration  is  determined  by  its  specific 
gravity,  by  dilution  and  titration  with  standard  alkaline  solu- 
tion, or  gravimetrically  by  precipitation  as  barium  sulfate. 

As^an  instance  of  evidence  upon  collateral  points  obtainable 
from  analyses  of  food  articles,  we  may  quote  a  case  from  Tay- 
lor:' "A  girl  was  charged  with  attempting 'to  administer  oil  of 
vitriol  in  coffee  to  her  father.  The  prisoner  usually  made  the 
coffee  for  breakfast,  and  would  then  have  had  an  opportunity  of 
adding  it  to  the  hquid.  The  acid  might,  however,  have  been 
mixed  with  the  coffee  in  the  cup  after  it  had  been  poured  out; 
and  in  this  case  other  persons  would  have  had  the  opportunity 
of  poisoning  the  coffee.  This  question  was  solved  by  the  aid  of 
chemistiy.  I  procured  the  coffee  pot,  and  found  that  it  was  old 
and  rusty.  The  poisoned  coffee  was  tested,  and  it  contained  no 
trace  of  iron;  but  on  warming  a  small  quantity  of  the  acid  coffee 
in  the  pot,  it  was  immediately  and  strongly  impregnated  with 
sulphate  of  iron.  It  was  therefore  clear  that  the  acid  had  not 
been  mixed  with  the  coffee  in  the  pot,  and  that  it  might  have 
been  afterward  put  into  the  cup  without  the  knowledge  of  the 
prisoner."  This  case  also  serves  to  indicate  the  necessity  of 
caution  in  drawing  conclusions  from  the  presence  of  poison  in 
articles  of  food,  etc.,  which  may  have  been  tampered  with  by 
persons  other  than  the  accused. 

Examination  of  Stains. — The  identification  of  sulfuric  or 
other  acid  as  the  cause  of  stains  upon  garments,  bed  clothing, 
etc.,  may  afford  the  most  reliable  evidence  of  the  nature  of  the 
corrosive  administered,  and  may  occasionally  aid  in  pointing 
out  the  person  by  whom  it  was  administered. 

The  mineral  acids  dropped  upon  earth  cause  effervescence 
from  evolution  of  carbon  dioxid.  At  the  same  time  the  acid  is 
neutralized  by  conversion  in  the  corresponding  salt,  and  an  acid 
reaction  only  remains  if  the  quantity  of  acid  has  been  greater 
than  is  necessary  to  decompose  all  of  the  carbonates  present. 
Wood  is  almost  immediately  blackened  by  strong  sulfuric  aci-d, 
is  colored  yellow  by  nitric  acid,  and  is  hardly  modified  by  hydro- 
chloric acid.  Iron  is  attacked  by  sulfuric  and  hydrochloric  acids, 
'  "Poisons,"  3d  Am.  ed.,  163. 
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with  formation  of  sulfate  or  chlorid,  which  is  dissolved  readily  by 
water,  leaving  a  roughened  appearance  of  the  metal,  as  if  it  had 
been  rusted  and  cleaned.  Nitric  acid  attacks  iron  similarly  if  it 
be  dilute,  but  not  if  concentrated.  All  of  the  acids  attack  the 
zinc  coating  of  "galvanized  iron."  The  tin  coating  of  sheet  tin 
is  dissolved  by  hydrochloric  acid,  is  not  attacked  by  cold  sulfuric 
acid,  and  is  turned  white  by  nitric  acid.  Copper  is  colored  green 
by  cold  sulfuric  or  hydrochloric  acid,  and  blue  by  nitric  acid, 
which  also  evolves '  copious  brown  fumes.  Silver  is  similarly 
acted  upon  by  nitric  acid,  but  cold  hydrochloric  or  sulfuric  acid 
does  not  affect  it  except  after  long  contact.  Gold  is  not  acted 
upon  by  any  single  acid;  but  is  corroded  and  dissolved  by  a 
mixture  of  nitric  and  hydrochloric  (aqua  regia) . 

On  cotton,  paper,  or  other  white  or  light-colored  vegetable 
or  animal  tissue,  sulfuric  acid  produces  a  stain  which  is  brown 
or  black;  the  tissue  is  rendered  friable,  breaks  down  easily,  and 
remains  moist  for  a  long  time.  Even  by  short  contact  the  fab- 
ric is  perforated  if  the  acid  be  concentrated.  The  moistness  of 
the  stain  or  of  the  margins  of  the  perforations  is  the  principal 
difference  in  mere  appearance  between  burns  in  paper  or  other 
fabric  produced  by  sulfuric  acid  and  those  produced  by  heat,  the 
latter  being  quite  dry.  On  similar  fabrics  nitric  acid  produces 
a  yellow  stain,  and  at  the  time  of  contact  brown  fumes  may  be 
evolved.  Hydrochloric  acid  does  not  corrode  such  tissues. 
Stephenson^  relates  an  exceptional  instance  (Reg.  v.  Lipski, 
C.  C.  C.,,  July,  1888),  in  which  the  cotton  night-dress  of  a  woman, 
whose  life  was  taken  by  pouring  a  mixture  of  sulfuric  and  ni- 
tric acids  down  the  thr-oat,  as  well  as  the  deal  floor  on  which  the 
acids  were  spilled  were  partially  converted  into  nitro-cellulose, 
which  partially  exploded  when  ignited  in  a  closed  tube.  The 
stains  produced  upon  dark-colored  fabrics  by  sulfuric  or  hydro- 
chloric acid  are  usually  red,  sometimes  green  in  color,  and,  if 
not  too  old,  disappear  permanently  when  moistened  with  am- 
monium hydroxid  solution.  Those  formed  by  nitric  acid  are 
dirty  yellow  or  brownish;  and,  although  they  may  disappear 
temporarily  when  moistened  with  ammonium  hydroxid  solution, 
they  return  when  the  spot  dries.  The  nature  of  the  acid  may 
also  be  sometimes  ascertained  by  chemical  means,  by  boiling  the 
stained  fabric  for  a  short  time  with  pure  water,  filtering  the  so- 
'  Taylor:  "Manual  of  Med.  Jur.,"  11th  Am.  ed.,  1892,  373. 
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lution,  and  testing  the  filtrate  not  only  for  the  free  acid,  but  for 
the  corresponding  salts  also,  by  the  methods  already  described. 
Sulfuric  acid  remains  in  the  tissue  for  a  long  time — months  or 
even  years;  but  nitric  and  hydrochloric  acids,  if  not  decomposed 
or  neutrahzed,  soon  disappear  by  evaporation.  The  detection 
of  a  small  quantity  of  free  sulfuric  acid  in  the  margins  of  a  burnt 
perforation  is  not  conclusive  proof  that  the  burn  was  caused  by 
the  acid.  In  a  case  already  referred  to,  Maschka^  showed  that 
the  margins  of  burns  thus  produced  by  incandescent  coals  may 
contain  sulfuric  acid,  which  is  produced  by  the  oxidation  of  the 
sulfur  which  exists  in  many  kinds  of  coal. 

Acid  Sulphates — Alum,  etc. 

Sulfates  which  have  a  markedly  acid  reaction  behave  both  as  true 
poisons  and  as  mild  corrosives,  or  at  least  as  intense  local  irritants. 
Such  are  alum  (double  sulfate  of  aluminium  and  ammonium,  or  potas- 
sium, A1,(S0J3,  (NHJ  2SO,-l-24  Aq,  or  A1,(S0,)3,  K3SO,+24  Aq),  the 
monometallic  sulfates  (sodium  or  potassium  bisulfates,  NaHSOi  or 
KHSOJ,  white  vitriol  (zinc  sulfate,  ZnSOJ,  and  blue  vitriol  (cupric 
sulfate,  CuSOJ. 

Alum. 

The  salt  usually  met  with  is  the  ammonium  compound,  which,  by 
reason  of  its  less  cost,  has  practically  displaced  the  "potash  alum" 
formerly  in  use.  It  is  largely  used  in  dyeing  and  for  numerous  other 
uses  in  the  arts,  and  is  sold  without  restriction.  It  has  been  used  by 
bakers  to  whiten  bread  made  from  inferior  flour,  a  practice  which  has 
met  with  the  almost  unanimous  condemnation  of  hygienists.  The 
same  cannot  be  said  of  its  use  in  the  preparation  of  baking  powders,  if 
it  be  combined  with  sodium  bicarbonate  in  the  proper  proportion;  for 
then,  during  the  raising  and  baking  of  the  bread,  it  is  completely  de- 
composed, and  the  product  contains  no  alum,  but  aluminium  hy- 
,  droxid  or  phosphate.  Alum  is  now  also  added  to  water  in  minute 
■quantity  in  certain  processes  of  purification  as  a  preliminary  to  filtra- 
tion. Here  also  the  alum  is  decomposed  and  precipitated  as  alumin- 
ium hydroxid. 

Up  to  the  present  time  seven  instances  of  fatal  poisoning  by  alum 
have  been  reported.  Taylor^  states  that  a  case  of  death  from  alum 
I  appeared  in  the  registration  returns  for  1838-39.  Van  Hasselt^  refers  to 
an  accidental  case  as  having  occurred  at  Hoogeveen,  in  Holland,  in  1851, 

'  Gutacht.  Prag.  med.  Fak.,  1853,  '  "Handb.  d.  Giftlehre,"  1862,  ii., 

i.,  121.  207. 

'  "Poisons,"  3d  Am.  ed.,  p.   266. 
^  IV.— 18 
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in  consequence  of  the  use  of  burnt  alum  as  a  popular  remedy  for  gas- 
tric pain.  Tardieu'  relates  the  case  of  a  delicate  child  of  three  montlis 
which  died  shortly  after  the  administration  of  90  gm.  of  alum  by  its 
mother,  and  also  the  ease  of  a  girl  who  died  at  Bayonne  in  1873  of  gan- 
grenous angina,  as  it  was  supposed,  but  in  whose  stomach  a  large  quan- 
tity of  alum  was  found.  Hicquet^  gives  a  circumstantial  account  of 
the  accidental  death  in  twenty-four  hours  of  a  man  of  fifty-seven 
years  from  the  effects  of  30  gm.  (3i.)  of  alum.  Fagerlund'  notes 
the  case  of  an  infant  killed  by  alum  in  Finland  in  1886.  A  large  but 
not  accurately  determined  quantity  of  alum  was  found  in  the  ali- 
mentary canal.  Stevenson*  refers  to  the  death  of  a  child  of  three 
years  from  the  effects  of  a  teaspoonful  of  alum  given  in  syrup  as  an 
emetic.  Non-fatal  cases  are  reported  by  Orfila,*  Kramohn,"  Hedren' 
(taken  as  abortifacient),  .Morelli,'  and  Chiadini." 

The  SYMPTOMS  produced  by  alum  are  burning  pain  in  the  mouth, 
which  looks  as  if  tanned,  and  in  the  throat  and  stomach;  persistent 
vomiting  of  bloody  material;'"  accelerated  pulse  and  respiration,  dis- 
turbances of  coordination;  clonic  spasms  of  the  muscles;  diminution 
of  temperature,  and  hyperaemia  of  the  intestines  and  kidneys.  The 
urine  contains  blood  cells,  blood  pigment,  hyaline  casts,  and  traces  of 
albumin. 

The  POST-MORTEM  APPEAHANCES  are  delayed  putrefaction,  corro- 
sion and  cedema  of  the  tongue,  mouth,  and  oesophagus.  The  stomach 
contracted,  grayish  or  veh'ety  red,  its  ^•eins  filled  with  almost  coagu- 
lated blood;  the  mucous  membrane  corrugated,  loosened,  or  hardened. 
The  intestines  are  inflamed.  There  are  evidences  of  peritonitis,  indud- 
ing  effusion  of  red  serum  into  the  peritoneal  sac,  and  congestion  of  the 
vessels  of  the  omentum.  The  li^-er  is  the  seat  of  fatty  degeneration,  and 
the  kidneys  are  highly  injected,  with  jDarenchymatous  degeneration. 

Detectiox  axd  Determination. — In  the  method  of  Fresenius and 
von  Babo  any  aluminium  present  will  be  contained  in  the  solution 
designated  as  Vlab.  in  the  description  of  the  process  given  in  the  fiist 
section  (see  page  196).  The  aluminium  is  separated  as  hydroxid  by 
addition  first  of  hydrochloric  acid  to  acid  reaction,  and  then  of  ammo- 
nium hydroxid  to  alkaline  reaction,  and  boiling  until  the  liquid  is 
neutral  or  only  faintly  alkaline.     This  is  best  done  in  a  platinum 

'  "Empoisonnements,"  2eme  ed.,  ^Pester  med.-chir.  Presse,  1902, 

1875,  21S,  210.  xxviii.,  241. 

2  Bull.  See.  m6d.-16g.,  Paris,  1871,  '  Vrtljschr.    f.    ger.   Med.,  1905, 

ii-,  4:28.  3  F.,  xxix.,  62. 

^Vrtljschr.  f.  ger.   Med.,   IS'.U,  3  »  Gazz.  d.  osp„  1902,  xxiii.,  956. 

F.,  viii.,  Supplehft.,  74.  »  Gazz.   med.   lomb.,  1905,  bav., 

*  Taylor:  "Man.  Med.  Jur.,"  11th  495.                                                ,.., 

Am.  ed.,  98.  "In   Stevenson's   case  the  c» 

'  "Tr.  d.  Tox.,"  .>eme  ed.,  i.,  :',7().  did    not    vomit,    but   died  shorti; 

after  the  administration. 
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vessel,  or,  failing  that,  less  well  in  one  of  porcelain.  Glass  vessels 
should  not  be  used.  The  precipitated  aluminium  hydroxid  is  washed 
with  boiling  water,  first  two  or  three  times  by  decantation  and  after- 
ward in  a  filter  or  Gooch  crucible  with  the  aid  of  a  filter  pump,  until 
the  washings  no  longer  precipitate  with  silver  nitrate.  For  quantita- 
tive estimation  the  aluminium  hydroxid  is  ignited  in  a  platinum  cru- 
cible and  weighed  as  aluminium  oxid  (AI2O3).  Of  this  one  part  repre- 
sents 17.0777  parts  of  crystallized  ammonia  alum  [Al2(SOj)3,  (NHJ2- 
SO,-|-24Aq],  or  8.6893  of  the  anhydrous  alum  [AlsCSOJ,,  (NH,)^- 
SOJ;  or  6.1262  of  aluminium  sulfate  [Al2(SOj3].  After  weighing, 
the  oxid  is  heated  in  the  platinum  crucible  with  monopotassic  sul- 
fate (KHSO4)  to  quiet  fusion,  and  the  cooled  mass  treated  with  water,  in 
which  it  should  dissolve  completely.  If  any  insoluble  residue  remain 
it  is  silicic  anhydrid,  and  should  be  dried,  ignited,  and  weighed,  and 
its  weight  subtracted  from  that  of  the  aluminium  oxid  found.  The 
solution  will  serve  for  further  identification  reactions. 

Any  shorter  method  of  separation  of  dissolved  alum  from  the  vis- 
cera is  not  to  be  recommended.  If  the  question  be  whether  a  given 
white  solid  is  or  is  not  alum,  it  should  be  dissolved  in  water,  evapo- 
rated to  crystallization,  and  the  proportions  of  aluminium  and  of  sul- 
furic acid  determined  in  a  portion  of  the  crystals.  When  aluminium 
has  been  found  in  the  viscera  a  quantitative  determination  of  the  sul- 
furic acid  is  desirable,  and  should  be  made  if  any  material  remain 
available. 

Aluminium  is  identified:  1.  By  its  behavior  as  above  described  in 
the  process  of  separation. 

2.  Potassium  and  sodium  hydroxids  produce  voluminous  white, 
flocculent  precipitates  of  the  hydroxid,  easily  soluble  in  excess  of  the 
precipitant. 

3.  Ammonium  hydroxid  and  hydrosulfid  also  cause  similar  precipi- 
tates, only  soluble  in  a  great  excess  of  the  hydroxid. 

4.  Alkaline  carbonates  produce  white,  flocculent  precipitates  of  a 
basic  carbonate,  sparingly  soluble  in  excess  of  the  precipitant. 

5.  Sodium  phosphate  produces  a  voluminous  white  precipitate  of 
the  phosphate,  which  is  easily  soluble  in  soda  or  potash  solution,  but 
almost  insoluble  in  ammonium  hydroxid,  particularly  in  presence  of 
ammonium  chlorid.  The  precipitate  is  also  soluble  in  nitric  or  hydro- 
chloric acid,  but  not  in  acetic  acid.  The  precipitation  is  hindered  by 
the  presence  of  citric  acid. 

6.  If  a  solid  aluminium  compound  be  strongly  heated  on  charcoal 
before  the  blowpipe,  moistened  with  cobalt  nitrate  solution,  and  again 
heated,  a  deep  sky-blue,  unfused  mass  remains,  the  color  becoming 
more  pronounced  as  the  mass  cools.  The  reaction  is  best  performed 
with  the  oxid  obtained  by  heating  the  precipitated  hydroxid.     A  similar 
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blue  mass  is  also  formed  in  the  absence  of  aluminium  by  the  phosphates 
of  the  alkaline  earths. 

Cupric  Sulfate. — See  under  Copper. 

Zinc  Sulfate. — See  under  Zinc. 

Acid  Potassium  Sulfate. 

MoNOPOTASsic  Sulfate;  Potassium  Bisulfate,  KHSO^.— This  is 
a  salt  of  strongly  acid  reaction,  which  is  used  in  chemical  laboratories 
for  the  decomposition  of  refractory  oxids,  such  as  that  of  aluminium, 
the  acid  sulfate  at  elevated  temperatures  being  decomposed  into  the 
dimetalhc  salt  and  free  sulfuric  acid— (2KHSO4  =K2SO^+H2SO,). 
Although  it  would  probably  act  even  more  energetically  than  alum  if 
swallowed,  we  know  of  no  instance  of  its  having  been  taken  by  the 
human  subject.  It  may  be  generated,  however,  under  certain  condi- 
tions, and  give  rise  to  a  form  of  chronic  sulfuric  poisoning.  In  the 
"plastering"  of  wine,  the  added  plaster-of -Paris  produces  free  tartaric 
acid  and  neutral  potassium  tartrate  from  the  cream  of  tartar  naturally 
present,  and  subsequently,  particularly  in  the  presence  of  alcohol, 
cream  of  tartar  and  acid  potassium  sulfate  are  formed.  The  reactions 
are  2(KH.C,0,H,)  -|-CaSO,  =CaC,0,H,  -fK^SO,  -|-C,H,0„  and  K,SO, 
+  C,He0e=KH.C,0eH,+KHS04.  The  continued  use  of  plastered 
wines  produces  disorders  of  digestion,  and  the  practice  of  plastering 
is  ranked  as  an  adulteration.'  According  to  Kobert,^  acid  potas- 
sium sulfate  is  also  formed  in  the  economy  during  starvation  and  with 
extensively  albuminous   diet. 

The  NEUTRAL  POTASSIUM  SULFATE ;  Dipotossic  Sulfate,  KjSO,,  when 
taken  in  large  dose  and  in  concentrated  form  behaves  as  an  intense 
local  irritant  and  also  as  a  true  poison,  as  do  all  of  the  potassium 
salts.  It  has  caused  death  in  a  few  instances,  and  in  two  English  cases 
men  were  tried  for  murder  for  having  caused  the  death  of  their  wives 
by  this  salt  given  as  an  abortive  with  the  consent  of  the  deceased.' 

HYDROCHLORIC  ACID. 

Hydrochloric  acid  is  a  colorless  gas,  intensely  irritating  when 
inspired  even  in  a  highly  diluted  form,  verj-  soluble  in  water,  one 
volume  of  which  dissolves  four  hundred  and  eighty  volumes  at 
0°  (32°  F.),  acid  in  taste  and  in  reaction,  heavier  than  air,  specific 
gravity  1.259.     Its  molecular  weight  is  36.5,  and  its  formula  is 

'See    Gaultier:     "Sophistication  Tr.,  1843-44,  iii.,  243,  256.    Reg.f' 

des  Vins,"  Paris,  1884,  222.     Viard:  Gaylor,    1856;  ibid.,   1856-57,  xvi, 

"Les  Vins,"  etc.,  Paris,  1884,  299,  295.     See  also  Bayard:  Ann.  d'hyg-. 

346.     Bussy     et     Buignet:     J.     d,  etc.,  1842,  xxvii.,  397;  Bonnasaes; 

pharm.  at  de  chim.,  1865,  4  s.,  ii.,  1.  Gaz.   d.   hop.,    1843;  Du  Herat  et 

^"Intoxikationen,"  p.  211.  Delens:   Diet.   univ.  d.  mat. mw., 

'  Reg.  V.  Haynes,  1843;  Ph.  J.  and  485. 
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HCl.  It  exists  in  volcanic  gases,  and  is  produced  whenever  a 
chlorid  is  decomposed  by  a  stronger  acid.  The  reaction  utilized 
in  its  manufacture  is  the  decomposition  of  sodium  chlorid  by 
sulfuric  acid,  which  takes  place  according  to  the  equation: 
NaCl  +  H2S04  =  NaHS04  +  HCl  at  low  temperatures;  or  2NaCl  + 
H2S04  =  Na2S04+2HCl  under  the  influence  of  heat. 

The  material  so  extensively  used  in  chemical  industries,  and 
the  one  which  is  of  toxicological  interest,  known  as  hydrochlo- 
ric or  muriatic  acid,  spirit  of  salt,  is  a  solution  of  this  gas  in  water 
of  varying  degrees  of  purity  and  of  strength. 

The  commercial  acid  is  a  yellow  liquid,  containing  about 
thirty-two  per  cent.  HCl  (specific  gravity  1.16),  and  is  contami- 
nated with  ferric  salts,  to  which  its  color  is  due,  sodium  chlorid, 
arsenic  trichlorid,  free  chlorin,  sulfur  dioxid,  and  occasionally 
a  minute  quantity  of  thallous  chlorid  and  of  selenium. 

Acidum  hydrochloricum,  U.  S.  P.,  Br.  P.,  is  a  colorless  liquid, 
freed  from  all  but  traces  of  impurities,  specific  gravity  1.16 
(  =  31.9  per  cent.  HCl).  The  acidum  hydrochloricum  dilutum 
is  the  above,  diluted  with  water  to  specific  gravity  1.049  (  =  ten 
per  cent.  HCl),  U.  S.  P.,  or  specific  gravity  1.052  (=10.5  per  cent. 
HCl),  Br.  P. 

C.  P.  {chemically  -pure)  hydrochloric  acid  is  usually  the  same 
as  the  pharmacopceial  acid,  and  is  far  from  pure.  "Absolutely" 
or  "strictly"  C.  P.  acid  more  nearly  approaches  but  rarely  attains 
the  degree  of  purity  requisite  for  toxicological  uses.' 

The  strength  of  the  acid,  in  the  absence  of  dissolved  solids, 
is  indicated  by  its  specific  gravity.  There  is  some  divergence 
between  the  older  tables  of  Ure  and  of  Davy.'  The  following, 
by  Kolb,^  is  probably  the  most  accurate: 
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==  Bull.   Soc.   Chim.,   Paris,    1872, 
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Hydrochloric  acid  reacts  readily  with  iron,  zinc,  and  most 
of  the  more  distinctly  electro-positive  metals,  except  copper, 
with  formation  of  a  soluble  chlorid  and  evolution  of  hydrogen, 
A  few  of  the  chlorids,  such  as  stannic  chlorid — SnCl4— and  an- 
timony pentachlorid — SbClj — are  liquid;  the  remainder  are  solid, 
crystalline,  and  more  or  less  volatile.  The  chlorids  of  the  non- 
metals  are  decomposed  by  water.  Those  of  the  metals  are  solu- 
ble in  water,  except  argentic  and  mercurous  chlorids— AgCI 
and  HgjCla — which  are  insoluble,  cuprous  chlorid — CujClj— 
which  is  very  sparingly  soluble,  and  lead  chlorid — ^PbClj — which 
is  only  sparingly  soluble  in  cold  and  more  readily  in  hot  water. 
Hydrochloric  acid  also  dissolves  most  of  the  basic  oxids  and  hy- 
droxids  with  formation  of  chlorids,  and  decomposes  the  car- 
bonates with  evolution  of  carbon  dioxid. 

Hydrochloric  acid  is  first  referred  to  in  the  fifteenth  century 
by  Basil  Valentine,  who  obtained  it  in  solution  by  distilling 
vitriol  and  common  salt.  The  gas  was  first  collected  and  stud- 
ied by  Priestly  in  1772.  It  was  not,  however,  until  the  early 
years  of  the  nineteenth  century  that  the  development  of  the 
Leblanc  soda  industry  and  the  recovery  of  the  enormous  vol- 
umes of  hydrochloric  acid  which  it  produced,  as  an  incidental 
product,  furnished  the  acid  on  a  commercial  scale,  and  caused 
its  extensive  introduction  into  the  arts.  It  is  at  this  period  also 
that  its  toxicological  history  begins.  Although  SproegeP  had, 
in  the  middle  of  the  eighteenth  century,  experimented  to  deter- 
mine the  effects  produced  by  hydrochloric  acid  when  injected 
into  the  veins  of  animals,  and  similar  experiments  were  made  by 
Courton,  Viborg,  and  Orfila  early  in  the  nineteenth,^  the  first 
death  of  a  human  being  following  the  swallowing  of  the  acid 
was  in  Serres's  case  in  1805,  in  which,  however,  it  may  be  ques- 
tioned whether  the  acid,  which  was  given  the  patient  by  the 
hospital  interne  by  mistake,  was  the  cause  of  death  or  whether 
he  succumbed  to  the  injuries  he  had  received.  Certainly  the 
dose,  45  gm.  (giss.),  was  sufficient  to  cause  death.'  Death 
from  hydrochloric  acid  is  of  exceptional  occurrence  except  in 
Great  Britain,  and  but  a  very  small  proportion  of  the  cases  have 
been  homicidal.     We  find  mention  of  but  five  alleged  homicides 


I  "1 


'  Experimenta    circa    varia    ve-  ^  Wibmer:    "Wirkung   der  Are- 

nena,"  etc.,  Diss.,  Gottingen,  1753,       neimittel,"  etc.,  iii.,  97. 
pp.  84-86.  3  Orfila:  "Tox.,"  5#me  ed,.  i.,  19»' 


HYDROCHLORIC    ACID SYMPTOMS.  279 

by  this  corrosive,  in  two  of  which  the  victims  were  adults: 
Affaire  Quenardel,  France,  1839;'  Affaire  Denisty,  Belgium, 
1846;^  Affaire  Poindron,  France,  1847;^  Reg:  v.  Somers,  England, 
1866;^  and  a  case  in  Germany  in  1873.^  But  deaths  from 
hydrochloric  acid  are  of  more  frequent  occurrence  at  the  present 
time  than  formerly,  particularly  in  Great  Britain.'*  Of  126  cases 
3  occurred  before  1840,  3  in  1840-49,  8  in  1850-59,  10  in  1860-69, 
15  in  1870-79,  36  in  1880-89,  28  in  1890-99,  and  23  in  1900-1909 
(six  months,  1909).  Hydrochloric  acid  was  introduced  into  the 
vagina  of  a  pregnant  girl.  She  did  not  abort,  but  the  degree 
of  atresia  vaginse  produced  necessitated  perforation  of  the  child 
at  term.'  A  girl  in  England  fell  into  a  vat  of  hydrochloric  acid, 
swallowed  some,  and  died.^ 

In  suicidal  and  accidental  cases  the  acid  has  been  either  taken 
in  its  own  form  or  in  that  of  "soldering-liquid,"  used  by  tin- 
smiths and  metal  workers,  which  is  a  solution  of  zinc  chlorid 
containing  excess  of  acid.  v.  Hofmann"  records  the  death  of  an 
infant  suffering  from  hemateraesis  on  the  third  day  after  adminis- 
tration of  solution  of  ferric  chlorid  containing  free  hydrochloric 
acid. 

Acute  poisoning  by  gaseous  hydrochloric  acid  may  result 
from  the  anaesthetic  use  of  chloroform  by  gas-light. '°  Chronic 
poisoning  by  the  same  gas  is  sometimes  met  with  among  op- 
eratives in  chemical  factories,  and  is  characterized  by  pharyngitis, 
laryngitis,  bronchitis,  conjunctivitis,  and  coryza. 

Symptoms. 

The  deleterious  effects  produced  by  the  inhalation  of  gaseous 
hydrochloric  acid  have  at  present  little  forensic  interest,  although 
they  may  become  the  subject  of  discussion  in  connection  with 

'  Orfila:  Loc.  cit.,  i.,  216.  *  Taylor:  "Poisons,"  3d  Am.  ed., 

-Orfila:   Loc.   cit.,   i.,    221.     Van  220. 

den  Broeck:  Gaz.  m6d.  beige,  1847,  ^  Zimmermann:  Cor.-Bl.  d.,  aerztl. 

v.,  94,  99,  102,  105,  169,  175.     Pier-  Ver.    d.    rhein.    Prov.,     1873,    No. 

ard:    Ibid.,    p.    113.     Orfila:    Ann.  xii.,  21. 

d'hyg.,  etc.,   1848,  xl.,   137.     Flan-  "  See  note  8,  p.  232. 

din:  "Poisons,"  ii.,  491.     Tardieu:  '  Jhrbt.  u.  d.  Fortschr.   d.    Geb., 

"Emp.,"  26me  ed.,  246.  1893,  p.  858. 

=  Orfila:  "Tox.,"  56meed.,i.,  224.  «  Pharm.  J.,  1908,  4  s.,  xxvii.,  446. 

Ann.  d'hyg.,  etc.,  1847,  178.     Flan-  ""Lehrb.    d.    ger.     Med.,"    9te 

din:  "Poisons,"   ii.,   482.     Tardieu:  Aufl.,  680. 

"Emp.,"  2§me  ed.,  247.  '»  See  p.  1145. 
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the  public  health,  should  the  gas  be  discharged  into  the  air  as 
it  was  in  the  early  days  of  the  soda  industry. 

The  liquid  acid,  when  swallowed,  produces  symptoms  very 
similar  to  those  caused  by  sulfuric  acid.     The  main  points  of 
difference  are  the  following:     The  action  upon  the  skin  is  mucli 
less  intense.     The  hands  may  be  washed  in  a  moderately  dilute 
acid  with  perfect  impunity;  and  Lesser^  has  demonstrated  that 
even  the  most  concentrated  acid  leaves  no  permanent  marks 
when  apphed  to  the  skin.'     White  vapors  are  sometimes  ex- 
haled from  the  mouth  and  nose.'     The  mucous  membrane  of  the 
mouth,  lips,  and  tongue  are  rarely  blackened,  but  are  usually 
whitish  or  ash-gray.     The  inhalation  of  the  gaseous  acid,  which 
is  given  off  from  the  solution,  produces  irritation  of  the  respira- 
tory passages,  whether  the  liquid  penetrates  them  or  not.    Res- 
piration is  accelerated,  there  is  pain  in  the  throat  and  behind  the 
sternum,   cyanosis   of  the  face,    and   almost   complete  extinc- 
tion of  the  voice,  if  the  acid  have  been  taken  in  concentrated 
solution.     Indeed,  the  action  upon  the  respiratory  organs  may 
be  so  intense  as  to  mask  almost  completely  the  symptoms  of 
corrosion.     This  was  well  marked  in  a  man  of  fifty-eight  years 
who  swallowed  about  200  gm.  XBvij.)  of  the  commercial  acid. 
He  immediately  experienced  severe  epigastric  pain  and  a  sense  of 
suffocation.     A  physician  who  was  called  immediately  provoked 
several  acts  of  vomiting.     During  the  night  and  the  following 
day  the  oppression  and  suffocation  increased.     When  admitted 
to  the  hospital  on  the  second  day  there  was  no  vomiting  and  no 
violent  epigastric  pain,  even  on  pressure;  but  the  oppression  and 
dyspnoea  were  intense.     The  respiratory  troubles  were  so  pre- 
dominant and  the  lesions  of  the  stomach  so  silent,  that  but  for 
positive  information,  the  poisoning  would  have  been  doubted, 
and  the  case  would  have  been  considered  as  one  of  acute  bron- 
cho-pneumonia, developed  in  a  somewhat  delirious  alcoholic.   A 
few  hours  after  admission,  after  having  eaten  and  drank  without 
difficulty,  he  died  almost  suddenly,  in  full  consciousness,  without 
having  vomited  once.* 

'  Arch.  f.  path.  Anat.,  etc.,  1881,  '  Viscarro:    Siglo  med.,    Madrid, 

Ixxxiii.,  215.     But  see  p.  283.  1878,  xxv.,  667. 

^An  artificial   skin    gangrene    is,  *  LetuUe   and    Vaquez:  Arch.  a. 

however,  produced  by  rubbing  with  phys.  norm,  et  path.,  Paris,  IW 

crude     hydrochloric     acid.     Gross:  5   s.,    i.     101.     Vaquez:   Bull.  Soc. 

Deut.  .\rch.  f.  kl.    Med.,  1904,  Ixxv.,  anat.  de  Paris,  1888,  5  s.,  ii.,  546. 
187;   Zieler:  Deut.    Ztschr.   f.   Ner- 
venhlk.,  1005,  xxviii.,  184. 
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The  kidneys  are  but  rarely  affected,  probably  only  when  they 
are  already  diseased.  In  a  careful  study  of  the  urine  of  a  man 
of  twenty-eight  years  who  died  in  three  months  from  the  effects 
of  100  c.c.  (Siiiss.)  of  the  commercial  acid,  Bourget'  found  that 
while  the  acidity  was  greatly  increased  during  the  first  day 
or  two,  the  urine  contained  no  free  hydrochloric  acid,  but  a 
great  excess  of  phosphates;  and  that  the  quantity  of  chlorids 
eliminated,  far  from  being  increased,  was  notably  less  than  the 
normal  (about  10  to  15  gm.  in  twenty-four  hours).  During  the 
first  few  days  albumin  was  present  in  small  and  progressively 
diminishing  amount.  The  urine  of  the  first  six  days  gave  the 
following  quantitative  results: 

ist.  2d.  3d.  4th.  sth.          6th. 

Quantity  in  24  hours  .  .  .          1,100  c.c.  1,000  750  400  400       450 

Sodium  chlorid 6.6  2.75  0.60  0.08  0.08     0.18 

PhosphatfiS 9.75  5.  3.24  1.52  1.36     1.70 

Reaction^    6.  1.8  1.4  1.  normal. 

Albumin    small  quant.  dim.  slight,  none.  none. 

The  elimination  of  the  acid  did  not  therefore  take  place  by 
the  kidneys.  But  the  patient  on  the  second  day  and  for  several 
days  thereafter,  vomited  and  regurgitated  large  quantities  of 
mucous  liquid,  which  was  found  on  analysis  to  contain  an 
average  of  about  ten  per  thousand  of  sodium  chlorid.  Al- 
though in  this  case  and  in  another  in  which  the  dose  taken  was 
still  larger  (200  gm.)  the  acid  was  without  action  on  the  kid- 
neys, other  cases  have  occurred  in  which  the  urine  contained 
albumin,  blood  corpuscles,  and  casts, ^  and,  according  to  Demie- 
ville,*  even  medicinal  doses  of  dilute  hydrochloric  acid  may 
produce  acute  nephritis  and  hsematuria  in  those  having  latent 
kidney  disease. 

In  rapidly  fatal  cases,  consequent  upon  the  taking  of  large 
doses,  the  action  of  the  acid  upon  the  central  nervous  system  is 
frequently  well  marked.  In  such  cases  death  occurs  either  in 
violent  convulsions^  or  in  collapse.  °  Instances  of  cicatricial 
pyloric  stenosis  and  of  death  from  inanition  due  to  hydrochloric 
acid   are   by   no   means   exceptional.     In  eleven  of  sixty-nine 

'  Rev.  m^d.   de  la   Suisse  Rom.,  *  Rev.  med.   de  la  Suisse  Rom., 

1889,  ix.,  210.  1889,  ix.,  214. 

^  Acidity  in  c.c.  normal  KHO.  ^Friedreich's    Bl.    f.    ger.    Med., 

'  Gehle:  Berl.  kl.  Wchnschr.,  1884,       1858,  ix.,  6  Heft,  70. 

xxi.,  337.  "  Bloomfield:     Med.     Times     and 

Gaz.,  1883,  i.,  471. 
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cases  (15.9  per  cent.)  death  occurred  in  periods  greater  than  one 
month  after  the  ingestion  of  the  acid,  from  its  secondary  effects. 
In  Gehle's  case,  above  referred  to,  the  patient,  a  man  of  forty- 
four  years,  died  in  four  months  and  twenty-two  days,  having 
suffered  greatly  during  the  last  two  months  from  enormous  dila- 
tation of  the  stomach,  consequent  upon  pyloric  stenosis.  In 
another  instance  a  woman  of  fifty-five  years,  who  died  in  about 
five  weeks,  became  so  emaciated  that  the  abdominal  aorta  could 
be  felt  through  the  abdominal  walls.'  Nor  is  death  from  per- 
foration of  the  alimentary  canal  and  peritonitis  of  as  rare  occur- 
rence as  has  been  supposed.^  A  girl  took  177  c.c.  (3vi.)  of  the 
acid  in  the  night.  The  next  morning  at  eight  o'clock  vomiting 
had  ceased  and  she  said  she  "felt  fine,  except  for  the  pain," 
which  was  intense.  She  died  suddenly  at  3  p,  m.  The  stomach 
was  found  perforated  in  three  places.^  A  woman  of  thirty  years, 
about  twenty-four  hours  after  taking  a  glassful  of  the  acid,  was  in 
great  pain,  the  abdomen  distended,  the  vomit  greenish,  not 
bloody,  pulse  130,  filiform.  She  died  soon  after  of  acute  peri- 
tonitis, the  evidences  of  which  and  a  perforation  of  the  duodenum 
were  found  at  the  autopsy.*  A  man  of  thirty-five  j-ears  devel- 
oped the  symptoms  of  peritonitis  on  the  fourth  day,  became 
greatly  prostrated,  and  died  on  the  seventh.^  A  man  of  fifty- 
four  years  died  in  collapse  seventeen  hours  after  swallowing 
two  tablespoonfuls  of  the  acid.  Not  only  was  the  stomach 
found  to  be  perforated,  but  the  oesophagus  and  the  duodenum 
as  well."  Perforations  of  the  stomach  or  intestine  were  found 
to  exist  in  twelve  out  of  forty-five  autopsies  after  death  from 
hydrochloric  acid  (or  in,  26.7  per  cent,  of  the  cases  observed).' 

Diagnosis. 

The  diagnosis  between  corrosion  by  hydrochloric  acid  and 
that  by  sulfuric  or  nitric  acid  is  not  always  easy.  Fortunately 
for  purposes  of  treatment  it  is  not  necessary.  Occasionally  the 
white  fumes  and  the  odor  given  off  with  the  expired  air  or  from 

'  Ber.    ,    .    .    Rudolph    Stiftung,  '  Le  Gendre:  Progres  mM.,  1883, 

Wien,    1865,    153.     See   also   under  xi.,  1057. 

"Post-mortem  Appearances."  =  von    Wundscheim:   Prag.  med. 

'  vonJakschinNothnagers"Spec.  Wchnschr.,  1891,  xvi.,  605. 

Path.  u.  Ther.,"  1894,  i.,  22.  «  Dyson:  Lancet,  1884,  i.,  65. 

^Thomas:  Australas.  Med.  Jour.,  'See  also  "Post-mortem  Appear- 

1891,  n.  s.,  xiii.,  542.  ances." 
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the  vomit  may  serve  to  distinguish  hydrochloric  acid.  Positive 
reliance  is  not  to  be  placed  upon  the  existence  of  yellow  stains 
upon  the  mucous  membranes  as  indicating  nitric  acid,  as  stains 
of  that  color  are  sometimes  produced  by  hydrochloric  acid  and 
even  by  sulfuric  acid.  The  detection  of  the  mere  presence  of 
the  acid  in  the  vomit  affords  no  indication  as,  except  under  un- 
usual circumstances,  it  is  a  constituent  of  the  gastric  juice.  Prob- 
ably the  only  means  of  positive  diagnosis,  except  when  a  resi- 
due of  the  liquid  taken  is  available  and  may  be  identified, 
is  by  a  quantitative  determination  resulting  in  the  finding  of 
an  amount  of  hydrochloric  acid  distinctly  greater  than  that 
normally  present  in  the  stomach  contents;  combined  with  the 
existence  of  the  usual  symptoms  of  acid  corrosion.' 

Prognosis. 

According  to  von  Jaksch^  and  others  the  prognosis  is  more 
favorable  with  hydrochloric  acid  than  with  the  other  mineral 
acids.  This  view  is  not  borne  out  by  the  statistics  of  the  126 
cases  which  we  have  collected.  In  these  death  occurred  in  78.6 
per  cent.  Of  the  71  cases  in  which  the  duration  is  stated,  it  was 
less  than  three  hours  in  2  (2.8  per  cent.);  during  the  first  twenty- 
four  hours  in  33  (46.5  per  cent.) ;  during  the  first  week  in  47  (66.2 
per  cent.);  during  the  first  month  in  57  (80.3  per  cent.)  and  in 
periods  of  from  one  month  to  four  years  in  14  (19.7  per  cent.). 

Post-mortem  Appearances. 

Primary.- — The  external  burns,  stains,  and  scars,  which  are 
so  generally  observed  on  the  lips  and  face  when  sulfuric  or 
nitric  acid  has  been  taken,  are  almost  invariably  absent.  In- 
deed Lesser^  considers  the  absence  of  such  marks  of  corrosion 
on  the  skin  as  a  characteristic  mark  of  distinction.  The  case  of 
a  child  of  two  years  which  died  in  a  few  hours  from  the  effects  of 
sixty-two  per  cent,  hydrochloric  acid  is,  however,  reported,*  in 
which  the  skin  of  both  cheeks,  as  well  as  of  the  chin,  was  in 

'See  below,  under  "Analytical."  'Arch.  f.  path.  Anat.,  etc.,  1S81, 

"Nothnagel:    "Specielle    Path.,"      Ixxxiii.,  215. 
etc.,  1894,  i.,  22.  *  Casper-Liman:  "Handb.  d.  ger. 

Med.,"  8te  Aufl.,  ii.,  547. 
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many  places  colored  light  yellow,  hardened,  and  reddened  blue 
litmus-paper  applied  to  it.  Sections  through  the  skin  showed  a 
uniform  yellow  coloration  of  its  tissue.  In  the  same  place  an- 
other instance  is  related  in  which  a  man  of  twenty-eight  years 
drank  a  quantity  of  hydrochloric  acid  and  then  hanged  himself. 
The  lips  at  their  posterior  half  were  whitish,  cloudy,  and  partly 
reddened  from  loss  of  epithelium.  In  a  child  which  died  in 
nine  hours  from  the  effects  of  hydrochloric  acid,  the  Hps  were 
brownish-red  externally,  gray  internally,  and  the  gums  and 
tongue  also  gray.^  In  a  girl  of  two  years  who  died  in  four  hours 
from  the  effects  of  a  24.7  per  cent,  acid  Lesser^  found  the  skin  of 
the  face  corroded. 

The  mouth,  pharynx,  and  oesophagus  are  usually  not  the 
seat  of  the  severe  lesions  observed  after  death  from  sulfuric  or 
nitric  acid.  Indeed,  even  when  a  large  dose  had  been  taken 
they  have  been  found  to  be  absolutely  intact,  save  for  a  slight 
reddening  of  the  mucous  membrane  of  the  oesophagus  near  the 
cardia.^  More  frequently  they  are  whitish  or  slate-gray  in 
color.  That  this  is  not  always  the  case  is  evidenced  by  the  fol- 
lowing observations:  In  a  child  which  died  in  about  twenty- 
four  hours  the  tongue  was  found  corroded,  the  oesophagus  con- 
gested and  corroded;  the  parts  about  the  upper  opening  of  the 
larynx  were  in  part  hypersemic,  in  part  corroded,  the  latter  of 
the  color  of  fat.^  In  a  man  who  died  in  seven  hours  the  inner 
surface  of  both  lips  were  gray-black;  the  upper  part  of  the  epi- 
glottis black;  the  walls  of  the  oesophagus  swollen  and  gray- 
black  in  color.'  In  a  young  woman  who  died  in  a  few  hours, 
the  mucous  membrane  was  black  and  looked  as  if  burnt.'  In  a 
woman  of  thirty  years,  who  died  in  twenty-four  hours,  the 
tongue  was  greatly  congested,  the  isthmus  of  the  fauces  black- 
ish, as  well  as  the  upper  surface  of  the  epiglottis.  The  oesoph- 
agus presented  an  annular  ecchymosis  2  cm.  wide,  and  the  re- 
mainder of  the  mucous  membrane  was  of  a  dark  j-ellow-brown. 
At   about  5  cm.  from  the  cardia  the  oesophageal  mucous  mem- 

'  Zimmermann:  Cor.-Bl.  d.  aerztl.  *Hunt:    Med.    Times   and  Gaz., 

Ver.    d.    rhein.    Prov.,    1873,    No.  1883,  i.,  609. 
xii.,  21.  'Fagerlund:     Vrtljschr.    i-    f' 

'  Vrtljschr.    f.    ger.    Med.,    1898,  Med.,    1894,   3  F.,  viii.,  Supplhft, 

3  F.,  xvi.,  82.  56. 

^  LetuUe    and    Vaquez:    Arch.    d.  '^  Id.  ibid. 

phys.  norm,  et  path..  Par.,  1889,  5 
s.,  i.,  102. 
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brane  was  black;  the  coloration,  which  resembled  a  coating  of 
pitch,  extending  over  portions  of  the  stomach.^  In  a  man  who 
died  in  twenty-six  hours,  the  bucco-pharyngeal  mucous  mem- 
brane was  dead  white  a,nd  the  tongue  and  fauces  were  moderately 
swollen.  In  front  of  the  lingual  V  the  tongue  was  whitish,  be- 
hind distinctly  arborescent,  with  prominent  papillae;  on  both 
sides,  between  the  amygdalae  and  epiglottis,  the  exposed  sub- 
mucous tissue  was  bright  red.  The  oesophagus  was  brown, 
darker  above.  ^  In  a  man  who  died  in  four  and  a  half  hours  the 
mucous  membrane  of  the  CEsophagus  was  blackish-gray,  and  the 
submucous  vessels  thrombosed.^  In  Leaser's  case*  there  was 
almost  total  corrosion  of  the  epithelium  of  the  mouth,  pharynx, 
and  oesophagus,  and  partial  hemorrhagic  gastritis,  with  loss  of 
substance. 

The  oesophagus  has  been  found  dilated  in  two  instances,'' 
and  twice  perforated.  In  one  case  the  appearances  closely  re- 
sembled those  produced  by  sulfuric  acid.  The  mucous  mem- 
brane of  the  oesophagus  was  congested  in  the  upper  half.  In  the 
lower  half  it  was  black,  thickened,  and  contracted;  the  veins 
were  filled  with  black  blood.  Just  above  its  passage  through  the 
diaphragm  it  was  perforated  in  the  posterior  wall,  and  the  tissue 
around  the  opening  was  black,  pulpy,  and  infiltrated  with  gru- 
mous  matter."  The  second  case  was  that  of  a  woman  who  died 
on  the  second  day  after  having  swallowed  15  gm.  of  the'  acid,  and 
in  whom  the  oesophagus  was  also  deeply  corroded  and  blackened.' 

The  stomach  is  usually  of  normal  size  or  contracted,  al- 
though in  two  instances  of  death  from  primary  action  it  was 
found  distended.*  Its  mucous  membrane  is  for  the  greater  part 
corrugated,  hardened,  and  of  a  brownish  or  slate-gray  color." 
Although  in  most  cases  the  gastric  mucous  membrane  is  much 
lighter  in  color  than  when  corroded  by  sulfuric  acid,  several 
cases  are  reported  in  which  it  was  found  blackened  in  whole  or 

'  Le  Gendre:  Progres  m^d.,  1883,  "  Dyson:  Lancet,  1884,  i.,  65. 

xi.,  1057.  '  Geissler:    Vrtlj.,    f.    ger.    Med., 

2  Fortunet:  Lyon  m6d.,  1885,  xli.,  1909,  3  F.,  xxxvii.,  79. 

587.  *  Johnson:  Brit.  Med.  Jour.,  1871, 

'Legg:  St.    Barth.    Hosp.    Rep.,  i.,  221.     hegg:  Loc.  cit. 

1874,  X.,  230.  "  For  colored  plate  of  stomach  ma 

*Loc.'cit.  case   of   primary  hydrochloric   acid 

*  Hadden:  Tr.  Path.  Soc,  London,  intoxication  see  LetuUe  and  Vaquez, 

1889-90,    xli.,    84.     Gehle:    Berlin,  loc.  cit. 
kl.  Wchnschr.,  1884,  xxi.,  337. 
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in  part.'  Among  the  small  number  of  early  cases  we  find  men- 
tion of  perforation  of  the  stomach  as  having  been  met  with  in 
one  case  only.-  Since  1872  it  has,  however,  been  observed  in 
twelve  autopsies;^  while  in  two  cases  the  gastric  wall  had  be- 
Cfjme  thinned  to  such  a  degree  that  perforation  was  imminent.' 
The  rapidity  with  which  deep  corrosion  results  is  evidenced  by 
one  of  Geissler's  cases^  in  which  a  woman  swallowed  15  gm,  of 
concentrated  hydrochloric  acid  at  8  a.  m.  At  2  p.  m.  the  same 
day  on  proceeding  to  a  gastrostomy  the  gastric  wall  was  found  so 
fragile  that  sutures  broke  through  and  a  jejunostomy  was 
necessar}^     A  perforation  was  threatening. 

The  intestines  have  been  found  perforated  in  two  instances, 
in  both  cases  near  the  pylorus. °  When  there  has  been  perfora- 
tion of  the  alimentary  canal,  more  or  less  extensive  evidences  of 
peritonitis  are  observed.  In  two  instances  the  escaped  acid 
liquid  had  also  corroded  the  liver.'  In  one  of  Fagerlund's  cases,* 
although  there  was  no  perforation,  there  were  subserous  ecchy- 
moses  in  the  stomach,  the  peritoneal  cavitj'  contained  one  and 
a  half  litres  of  reddish,  serous  Uquid,  and  the  visceral  peritoneum 
was  dull. 

Even  in  rapidly  fatal  cases  the  liver  has  been  found  fatty.' 

The  kidneys  are  usually  normal,  or,  if  abnormal,  more  prob- 
ably so  from  disease  than  from  the  action  of  the  acid.'" 

ilarked  changes  are  met  with  in  the  respiratory  organs. 
The  larynx  and  trachea  are  reddened  and  congested,  occasionally 
superficially  ulcerated  in  places,  and  covered  with  a  grayish- 
white  friable  false  membrane.     The  bronchi  also  are  inflamed, 

'Hunt:  Loc.  cit.     Legg:  Loc.  cit.  AVundscheim:Prag. med. Wchnschr., 

Fagerlund:   Loc.  cit.  (2   cases).     Le  1891,  xvi.,  605.    Beyerlein:  LocA 

Gendre:  Loc.  cit.     Thomas:  Austral.  Bourdet:  Lyon  m^d.,  1895,  bnviii., 

Med.   Jour.,   1891,   n.   s.,  xiii.,   542.  191.    Geissler:     ioc.  Ci/.,  p.  82,  two 

Beyerlein:   Friedreich's    Bl.   f.   ger.  cases. 

Med.,  1890,  xli.,  31.  'Fortunet:   Loc.    cit.    Casper-Li- 

-  Aff.  Poindron,  1847,  Ann.  d'hyg.,  man:  Loc.  cit.,  case  223. 

etc.,   1847,  xi.,   178.     In   Gu^rard's  ^  Loc.  cit.,  p.  79. 

account    no    mention    is    made    of  "  Dyson:    Loc.    cit.    Le    Gendre: 

perforation,    but    the    gastric    wall  Loc.  cit. 

was  softened,  a  glassful  of  purulent  '  Dyson:  Loc.  cit.    Schad:  Aerztl. 

fluid  was    in   the    peritoneum   and  Int.  BL,  1885,  xxxii.,  406. 

there  were  adhesions:  Ann.  d'hyg.,  "Loc.  cit.,  p.  58. 

1S52,  xlviii.,  415.  »  Beyerlein:   Loc.  cit.    Legg:  iM. 

^  Dyson,  Loc.  cit.     Legg:  Loc.  cit.  cit. 

Fagerlund:   Loc.   cit.   Thomas:   Loc.  i"  Le   Gendre:  Loc.  cit.    Bourget: 

cit.     Xager:   Arch.  d.   Heilk.,   1S72,  Rev.     m^d.     de    la    Suisse    Romj, 

iii.,    213.     Casper-Liman:    Lor.    cit.,  1SS9,  ix.,   210.     Fortunet:  hoc  A 

case    232.      Beyerlein:   Loc.  cit.     v,  Schad:  Loc.  cit. 
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and  evidences  of  broncho-pneumonia  are  found  in  the  lungs.' 
In  other  cases,  however,  the  respiratory  organs  are  found  en- 
tirely normal. 

Secondary. — The  post-mortem  appearances  after  death 
from  the  secondary  effects  of  hydrochloric  acid  do  not  differ 
from  those  observed  in  similarly  fatal  cases  caused  by  other 
corrosives. 

Analytical.^ 

The  chemical  detection  of  abnormal  free  hydrochloric  acid 
in  the  stomach  is  even  more  difficult  than  that  of  sulfuric  or  ni- 
tric acid,  and  absolutely  requires  a  determination  of  quantity. 
Not  only  are  the  same  difficulties  met  with  as  have  been  re- 
ferred to  in  considering  sulfuric  acid,  but  two  sources  of  error 
peculiar  to  this  acid  are  to  be  avoided.  The  normal  gastric  se- 
cretion contains  free  hydrochloric  acid  in  the  average  propor- 
tion of  about  4.66  in  1,000  parts  in  the  human  gastric  juice. 
The  extremes  found  by  Hornborg  in  gastric  juice  unmixed  with 
saliva  were  3.65  and  5.66  p.  m.^  Moreover,  the  stomach  contents 
always  contain  chlorids  in  widely  varying  amount,  and  these  may 
be  decomposed  at  elevated  temperature  even  by  lactic  acid, 
which  exists  in  the  stomach  during  the  digestion  of  carbohy- 
drates, with  liberation  of  free  hydrochloric  acid.  The  mere  de- 
tection of  free  hydrochloric  acid  in  the  stomach  contents  or  vomit 
is,  therefore,  entirely  without  significance,  and  it  is  only  when  it 
is  found  present  in  large  amount  that  the  results  of  a  chemical 
examination  of  these  materials  are  of  value  when  taken  in  con- 
junction with  the  clinical  history  and  the  post-mortem  appear- 
ances. It  is  only  when  death  occurs  quite  early,  or  when  the 
matters  first  vomited  (before  the  administration  of  an  antidote) 
are  available,  that  any  information  is  to  be  expected  from  a 
chemical  analysis.*  In  the  description  of  one  of  Fagerlund's 
cases  it  is  said  that  the  highly  acid  stomach  contents  gave  dis- 
tinct reactions  for  hydrochloric  acid,  and  dissolved  a  bar  of  zinc 

'Nager:     Loc.    cit.     LetuUe    and  served  rather  to  befog  than  to  eluci- 

Vaquez:  Loc.  cit.  date  the  case  by  reason  of  the  un- 

^  See  also  p.  263.  tenable  ground  taken  by  the  ana- 

^Jahresb.   u.  Thier-Chem.,    1904,  lyst.     See  Van    den     Broeck:    Gaz. 

xxxiii.,  547.  m^d.   Beige,   1847,  v.,  94,  99,   102, 

*  In  the  Aff.  Denistx  an  analysis  105,  169,  175. 


288  TOXICOLOGY WITTH.\r.S. 

with  evolution  of  gas. '  In  a  case  of  death  from  "a  small  swallow" 
of  24.7  per  cent,  acid  reported  by  Lesser^  2.0047  gm.  of  the  free 
acid  were  found  in  the  alimentary  canal. 

Separation  from  Stomach  Contents,  etc.— Several  methods 
for  the  separation  and  determination  of  free  hydrochloric  acid  in 
organic  mixtures  have  been  suggested: 

1.  By  simple  distillation  of  the  material  (after  dilution 
with  water  and  division  of  solid  particles  if  necessary)  to  dry- 
ness, and  collection  of  the  distillate,  in  which  the  acid  is  identi- 
fied and  determined  by  the  silver  method  (see  below). 

Although  this  method  may  yield  fairly  good  results  if  the 
quantity  of  acid  present  be  very  great,  it  is  open  to  several  ob- 
jections, and  requires  the  exercise  of  certain  precautions.  Dur- 
ing the  distillation  small  quantities  of  sodium  chlorid  may  be 
mechanically  carried  over  with  the  distillate.  This  may  be 
avoided  by  passing  the  vapor  through  a  wide  glass  tube,  loosely 
packed  with  glass  wool  and  maintained  at  a  temperature  of 
about  110°  (230°  F.).  The  materials  may  contain  ammonium 
chlorid  (particularly  if  they  have  undergone  putrefaction), 
which  also  passes  over  with  vapor  -of  water  and  is  not  com- 
pletely arrested  by  the  glass  wool.  The  most  serious  objection 
is  that  organic  substances  strongly  retain  hydrochloric  acid, 
which,  even  if  present  in  notable  quantities,  may  be  entirely  ab- 
sent in  the  distillate  if  the  heat  be  raised  only  sufficiently  to 
cause  evaporation  to  dryness.  The  remainder  of  the  acid  is  only 
driven  off  by  heating  the  organic  matter  to  carbonization, 
when  empyreumatic  products  are  given  off  which  interfere 
with  the  subsequent  determination. 

It  must  not  be  forgotten  that  in  this,  as  well  as  in  all  distil- 
lation methods,  if  the  materials  contain  a  free  fixed  acid  (sul- 
furic, phosphoric,  lactic)  it  will  decompose  the  chlorids  pres- 
ent and  yield  free  hydrochloric  acid.  Consequently  in  all  such 
methods  the  presence  or  absence  of  these  acids  must  be  ascer- 
tained, and  if  present  their  quantity  determined  in  a  separate 
portion  of  the  material. 

2.  ViTALi's  method,^  which  is  one  of  the  best,  is  a  combi- 
nation of  extraction  by  alcohol  and  by  water  and  distillation- 

'  hoc.  cit.,  p.  57.  3  L'Orosi,  1886,  ix.,  361 ; " 

=  Vrtljschr.    f.    ger.    Med.,    1898,       di  Chim.  Toss.."  1893,  p.  159 
3  F.,  xvi.,  82. 
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The  materials,  suitably  comminuted  if  necessary,  are  macerated 
in  eight  times  their  weight  of  absolute  alcohol  for  twenty-four 
hours,  after  which  the  alcohol  (A)  is  filtered  off  and  the  residue 
(S)  washed  with  alcohol  until  a  few  drops  of  the  washings  no 
longer  become  cloudy  with  silver  nitrate. 

A,  the  alcohol  extract,  is  divided,  by  distillation  until  the 
amount  of  alcohol  added  has  passed  over,  into  an  alcoholic  dis- 
tillate, Aa,  and  an  aqueous  residue,  Ab.  Aa  is  fractionally 
distilled  at  very  low  temperature,  using  well-cooled  condenser 
and  receivers.  Two  fractions  are  collected,  the  receiver  being 
changed  when  the  distillate  begins  to  have  an  acid  reaction. 

The  first  fraction  is  tested  for  ethyl  chlorid  (produced  by  the 
action  of  the  acid  on  the  alcohol)  as  follows:  It  is  placed  in  a 
small  flask  fitted  with  a  cork  carrying  two  tubes,  one  of  which, 
communicating  with  the  air,  dips  to  near  the  bottom  of  the 
liquid;  the  other,  terminating  just  below  the  cork  and  bent  at 
right  angles,  communicating  with  a  calcium  chlorid  tube,  which 
in  turn  communicates  with  a  wider  tube  30  cm.  long,  filled  with 
purified  asbestos  and  supported  in  a  furnace.  The  other  end  of 
the  asbestos  tube  is  fitted  to  a  Liebig's  bulb,  filled  with  silver 
nitrate  solution,  whose  other  opening  is  attached  to  an  aspira- 
tor. The  asbestos  tube  is  first  heated  to  redness  when  a  slow 
stream  of  air  is  drawn  through  the  apparatus,  while  the  flask 
is  gently  heated  on  a  water-bath.  The  volatilized  ethyl  chlo- 
rid is  decomposed  in  the  hot  tube,  and  the  hydrochloric  acid  re- 
generated is  precipitated  as  silver  chlorid  (see  below). 

In  the  second  fraction  hydrochloric  acid  is  precipitated  by 
silver  nitrate  (see  below.) 

Ab,  the  aqueous  residue  of  the  first  distillation,  is  further  dis- 
tilled to  dryness,  the  distillation  being  continued  until  that 
which  passes  over  is  no  longer  acid.  A  known  fraction  of  the 
distillate  is  removed  and  used  for  the  application  of  tests  3,  4, 
and  6  (see  p.  266)  for  mineral  acids,  and  of  tests  (see  below) 
for  the  identification  of  hydrochloric  acid.  The  remainder  is 
precipitated  with  silver  nitrate  and  the  silver  chlorid  collected. 

Finally  the  temperature  of  the  distilling  vessel  is  gradually 
raised  to  redness.  Any  ammonium  chlorid  present  partly  dis- 
tils and  partly  sublimes.  The  distillate  and  sublimate  are 
united,  treated  with  acetic  acid,  evaporated  to  dryness,  and  the 
residue  washed  with  absolute  alcohol  and  dissolved  in  water. 
IV.— 19 
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In  this  solution  hydrochloric  acid  is  tested  for  by  silver  nitrate 
and  ammonium  by  platinic  chlorid. 

B.  The  material  insoluble  in  alcohol  is  macerated  in  water 
for  twenty-four  hours.  The  solution  Ba  is  filtered  from  the 
undissolved  portion  {C),  which  is  washed  with  water  until  the 
washings  are  no  longer  acid.  The  filtrate  and  washings  are 
evaporated  on  the  water-bath  to  a  syrup,  which  is  treated  with 
eight  times  its  weight  of  absolute  alcohol.  The  precipitate 
which  forms  contains  any  hydrochloric  acid  which  was  present 
in  the  form  of  an  acid  albumin  soluble  in  water,  but  insoluble  in 
alcohol.  It  is  treated  with  disodic  carbonate  (free  from  chlorid), 
evaporated,  fused,  and  the  fused  mass  dissolved  in  water,  and 
precipitated  with  silver  nitrate  after  addition  of  nitric  acid  to 
acid  reaction.  The  undissolved  portion  C  may  stiU  contain 
acid  albumin  insoluble  in  both  water  and  alcohol.  This  is  di- 
gested with  dilute  disodic  carbonate  solution,  filtered,  washed, 
and  the  united  liquids  evaporated  to  dryness,  and  the  residue 
fused  and  treated  as  above  described. 

The  quantitative  determination  of  free  hydrochloric  acid  is 
made  with  the  acid  second  fraction  above  referred  to.  To  an 
aliquot  part  of  this  nitric  acid  is  added,  then  silver  nitrate  solu- 
tion in  slight  excess.  The  precipitate  formed  is  collected  on  a 
filter  after  it  has  been  rendered  fiocculent  by  agitation  and 
slight  warming,  dissolved  off  with  ammonium  hydroxid  solu- 
tion, reprecipitated  with  nitric  acid  in  excess,  collected  upon  an 
ash-free  filter,  washed,  and  dried.  The  silver  chlorid  is  sepa- 
rated from  the  filter  as  much  as  possible,  the  filter  burned  in  a 
small,  weighed  porcelain  crucible,  the  ash  treated  with  nitric 
acid  and  a  few  drops  of  hydrochloric  acid,  and  evaporated  to 
dryness.  The  silver  chlorid  is  then  added  to  the  contents  of  the 
crucible  and  cautiously  ignited  until  it  just  begins  to  fuse  at  the 
edges,  cooled  and  weighed.  The  weight  obtained  by  subtract- 
ing the  weight  of  the  empty  crucible  from  that  last  obtained, 
and  multiplying  the  difference  by  0.2543  is  that  of  the  hydro- 
chloric acid  in  the  quantity  of  solution  operated  upon. 

3.  Rodssin's    Method.' — The   material,   finely  hashed  and 
diluted  to  a  thin  paste  if  necessary,  is  intimately  mixed  and  di- 
vided into  two  perfectly  equal  parts.     To  one  of  these  an  excess 
of  pure  disodic  carbonate  is  added.     Each  half  is  then  sepa- 
'  Tardieu:  "Kmpoisonnement,"  2^me  ed.,  1S7.5,  243. 
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rately  treated  as  follows:  They  are  evaporated  to  dryness,  incin- 
erated in  porcelain  crucibles  to  complete  carbonization,  the  car- 
bonized residues  extracted  with  equal  volumes  of  water,  and  the 
quantity  of  hydrochloric  acid  in  each  is  determined  by  precipi- 
tation with  silver  nitrate  as  above  described.  The  difference 
between  the  two  amounts  so  found  is  the  quantity  of  free 
hydrochloric  acid  present  in  one-half  of  the  material. 

A  modification  of  this  process,  which  permits  of  the  deter- 
mination of  that  portion  of  the  acid  present  as  acid  albumin, 
has  been  suggested  by  Winter-Hayem.^  Three  equal  portions 
are  taken  in  place  of  two:  to  one  (a)  excess  of  disodic  carbonate 
is  added,  the  liquid  evaporated  on  the  water-bath,  the  residue 
moderately  ignited,  extracted  with  water  containing  nitric  acid 
in  excess,  boiled,  and  the  total  chlorin  determined  as  silver 
chlorid  (gravimetric ally  or  volumetrically).  The  second  por- 
tion (&)  is  evaporated,  dried,  moderately  ignited,  extracted 
with  water  and  nitric  acid,  and  the  quantity  of  chlorin, 
existing  as  chlorids,  similarly  determined.  The  third  portion 
(c)  is  evaporated  to  dryness,  the  residue  warmed  on  the  water- 
bath  for  an  hour,  after  which  excess  of  disodic  carbonate  is 
added  and  the  process  continued  as  with  a.  The  free  hydro- 
chloric acid  =  a  —  c;  that  existing  as  acid  albumin  =  c  —  b. 

4.  CoHN.AND  V.  Mering's  Method.^ — The  filtered  stomach 
contents  are  distilled  until  two-thirds  of  the  liquid  have  gone 
over,  water  is  added  to  the  residue,  and  the  distillation  con- 
tinued. The  quantity  of  volatile  acid  in  the  distillate  is  deter- 
mined by  titration  of  a  portion.  The  residue  is  agitated  with 
much  ether.  In  the  residue  of  evaporation  of  the  ether  the 
quantity  of  lactic  acid  is  determined  by  titration.  The  free 
hydrochloric  acid  is  determined  in  the  distilled  liquid,  after 
having  agitated  it  with  ether,  as  follows:  Excess  of  freshly 
precipitated  cinchonin  is  added,  and  the  mixture  digested  some 
time  at  a  moderate  temperature.  It  is  then  extracted  by  several 
agitations  with  chloroform,  a  further  quantity  of  cinchonin  be- 
ing added  after  the  third  agitation.  The  residue  of  evaporation 
of  the  chloroform  is  dissolved  in  water  containing  acetic  acid, 

'  Corr.-Bl.     f.     Schweiz.     Aertze,  dieu-Rabuteau  method  (C.r.  Ac.  Sc, 

1892,  735.  Par.,  1875,  Ixxx.,  61),  canchonin  be- 

^Deut.   Arch.   f.   kl.   Med.,    1887,  ing  substituted    for  quinin,  as   the 

233;  Ber,,   Berl.,  1887,  xx.,  c.  226.  latter  decomposes  chlorids. 
This  is  a  modification  of  the  Tar- 
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nitric  acid  is  added,  and  the  hydrochloric  acid  determined  aa 
described  above  as  silver  chlorid. 

5.  Sjogvist's  Method.' — (v.  Jaksch's  Modification^).— 
Neutral  litmus  solution  is  added,  and  then  pure  barium  carbon- 
ate in  slight  excess  until  the  red  color  has  disappeared.  The 
mixture  is  then  evaporated  to  dryness,  and  the  residue  moder- 
ately ignited.  The  carbonaceous  mass  is  repeatedly  extracted 
with  water,  and  the  barium  contained  in  the  solution  deter- 
mined by  precipitation  and  weighing  as  barium  sulfate.  The 
weight  of  barium  sulfate,  multiplied  by  0.6259,  gives  the  weight 
of  hydrochloric  acid  present  in  the  material  operated  upon.^ 

Tests  for  Hydrochloric  Acid  and  Chlorids. — 1.  Silver  nitrate 
produces  a  white,  cheesy  precipitate  of  silver  chlorid,  which  is  in- 
soluble in  nitric  acid,  soluble  in  ammonium  hydroxid  or  potas- 
sium cyanid  solution. 

2.  Mercurous  nitrate  produces  a  white  precipitate  of  mer- 
curous  chlorid,  which  turns  black  on  addition  of  ammonium 
hydroxid. 

3.  Lead  acetate  produces  a  white  precipitate  in  solutions 
which  are  not  too  dilute.  The  precipitate  dissolves  in  hot 
water,  from  which  it  crystallizes  on  cooling. 

4.  Free  hydrochloric  acid,  when  warmed  with  manganese 
dioxid  or  with  lead  peroxid,  evolves  chlorin,  which  may  be  rec- 
ognized by  its  odor,  color,  and  bleaching  action  on  moist  vege- 
table pigments,  if  the  quantity  be  sufficient.  Bonis*  applies  this 
reaction  to  organic  mixtures  as  follows:  The  material  is  acidu- 
lated with  pure  acetic  acid,  filtered  through  muslin  under  pres- 
sure, and  then  through  paper,  a  few  fragments  of  potassium 
chlorate   and  some   gold  leaf  are  added,   and  the  mixture  is 

'  Ztschr.  f.  physiol.  Chem.,  1889,  1325.   Rosenheim: /6id.,  1892, xviii, 

xiii.,  1.  280,309.  Wittmann:  Jahresb.f.Kit- 

"Monatsheft  f.  Chem.,   1889,   x.,  derhlk.,  1892,  xxxiv.,  1.    Marinoand 

464.  Dotto:  Deut.  med.  Wchnschr.,  1892, 

^  For  other  methods  see  Bidder  u.  xviii.,  126.  Wagner:  Ctbl.f.d.m.^ is- 

Schmidt:    "Die    Verdauungssafte,"  sensch.,  1892, xxx.,  196.   v.Pfungen; 

Leipzig,  1852.    Leo:  Ctbl.  f.  d.  med"  Ibid.,  262.     Dmochowski:  Deut.  m. 

Wissensch.,  1889,  xxvii.,  481.     F.  A.  Ztg.,    1892,    388.     Maurice:  J.  »■ 

Hoffmann:     Ctbl.     f.     klin.    Med.,  pliarm.  et  de  chim.,  1892,  6  s.,  v., 

1890,    xi.,  521.     Salkowsld:   Jahres-  350,450.     Kossler:  Ztschr.  f.  ptj" 

ber,  d.  Pliarm.,  1891,  220.     Jolles  u.  siol.  Chem.,  1893,  xvii.,  91.    Fried; 

Wallenstein:    Pharm.    Post,     1891,  lander:    Apoth.    Ztg.,    1S92,   66o. 

445.     Graff enberger:    Pharm.    Ztc;.,  Martins  u.   Luttke:    Ctbl.  f.  d.  m. 

1X91,     392.     Katz:    Wien.med.  Wissensch.,  1893,  xxxi.,  218. 
Wchnschr.,  1890,  xl.,  2193.    Luttke:  ^  Ann.    d'hyg.,   etc.,   1874,2  s, 

Deut.   med.  Wchnschr.,  1891,  xvii.,  xli.,  457. 
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warmed  for  an  hour  or  two  on  the  water-bath.  If  the  liquid  be 
very  dilute  it  is  concentrated  by  evaporation  on  the  water-bath. 
The  liquid  is  then  decanted  and  the  dissolved  gold  tested  for  by 
stannous  chlorid  solution,  which  produces  a  purple-red  or  vio- 
let precipitate.  Chlorids  do  not  produce  this  reaction  except 
in  the  presence  of  free  sulfuric  acid. 

Chlorids. 

We  have  already  referred'  to  a  case  of  death  caused  by  the  physical 
action  of  sodium  chlorid  (common  salt).  Zahorski'  has  reported  the 
case  of  a  child  in  which  vomiting  for  five  hours  and  collapse  were  caused 
by  two  sodium  chlorid  enemata.  Frohner^  reports  several  cases  of 
poisoning  by  sodium  chlorid  in  horses  and  cattle. 

Solutions  of  certain  chlorids,  acid  in  reaction  or  containing  notable 
excess  of  hydrochloric  acid,  exert  an  action  upon  the  economy  which 
is  a  combination  of  the  corrosive  effects  due  to  the  acid  and  the  truly 
poisonous  action  of  the  metal.  The  most  important  of  these  are  anti- 
mony trichlorid,  which  will  be  considered  along  with  the  toxicology  of 
the  other  antimonials;  zinc  chlorid,  which  has  already  been  referred  to 
as  the  "soldering  liquid"  used  by  tinsmiths,  and  which  will  be  further 
discussed  among  the  zinc  compounds,  and  mercuric  chlorid,  or  "corro- 
sive sublimate,"  which  will  be  treated  of  under  "Mercury." 


NITRIC  ACID. 

Pure  nitric  acid  is  a  colorless  liquid,  which  boils  at  86° 
(186.8°  F.)  and  solidifies  at  —40°  (-40°  F.),  gives  off  white 
fumes  when  exposed  to  air,  and  is  strongly  acid  in  reaction. 
The  specific  gravity  of  the  concentrated  acid  is  1.522.  The  spe- 
cific gravity  and  boiling-point  of  the  diluted  acid  vary  with  the 
concentration: 
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'  See  p.  91. 

"  Inn.  Cor  .-hi.,  1904,  p.  480. 


2  Tox.  f.  Thierarzte,  p.  77. 
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If  a  strong  acid  be  distilled,  the  boiling-point  gradually  rises 
from  86°  until  it  reaches  120°  (248°  F.),  when  it  remains  con- 
stant, the  specific  gravity  of  both  distillate  and  distilled  being 
1.42.  If  a  weak  acid  be  distilled  the  boiling-point  rises  until 
it  becomes  stationary  at  the  same  temperature. 

The  formula  of  nitric  acid  is  HNOg,  and  its  molecular  weight 
63.05.  When  exposed  to  air  or  to  light,  or  when  heated,  it  is 
decomposed  into  nitrogen  tetroxid,  NOj,  water,  and  oxygen. 
Hence  it  is  useful  as  an  oxidizing  agent.  Most  of  the  metals 
dissolve  in  nitric  acid  as  nitrates,  a  portion  of  the  acid  being  at 
the  same  time  decomposed  into  nitrogen  dioxid  (NO)  and  water. 
Gold  and  platinum  are  not  attacked  by  nitric  acid.  The  salts 
of  nitric  acid  (nitrates)  are  for  the  most  part  colorless  and,  with 
the  exception  of  a  few  "basic  salts,"  soluble  in  water.  When 
fused  they  act  as  powerful  oxidants.  They  are  decomposed  by 
sulfuric  acid  at  more  or  less  elevated  temperatures,  with  libera- 
tion of  the  acid. 

The  commercial  acid,  aqua  fortis,  is  a  yellow  liquid,  met 
with  in  two  degrees  of  concentration :  single  aqua  fortis,  specific 
gravity  about  1.25  =  thirty-nine  per  cent.  HNO3;  and  douhk 
aqua  fortis,  specific  gravity  about  1.4  =  sixty-four  per  cent. 
HNO3.  It  contains  as  impurities  the  oxids  of  nitrogen,  sulfuric 
acid,  iron,  fixed  salts,  and  sometimes  chlorin  and  iodin. 

Acidum  nitricum,  U.  S.,  Br.,  is  a  colorless  acid,  free  from 
the  impurities  above  mentioned,  and  of  specific  gravity,  1.403= 
sixty-eight  per  cent.  HNO3.  Like  the  C.  P.  acid,  specific  gravity 
1.522  =  one  hundred  per  cent.  HNO3,  used  in  chemical  labora- 
tories, it  must  be  kept  in  bottles  completely  filled  and  protected 
from  light.  The  dilute  acid  of  the  U.  S.  P.  is  of  specific  gravity 
1.059,  and  contains  ten  per  cent.  HNO3. 

Fuming  nitric  acid  is  a  yellow  liquid,  fuming  when  exposed  to 
the  air,  made  by  saturating  strong  nitric  acid  with  nitrogen 
tetroxid.  A  similar  acid,  though  more  dilute,  is  known  as 
nitroso-nitric  acid. 

Although  nitric  acid  was  known  certainly  in  the  thirteenth 
century,  probably  to  the  Arabians  of  the  eighth  century,  and 
possibly  to  the  ancient  Egyptians,  we  know  of  no  earlier  refer- 
ence to  its  toxic  action  than  that  of  Bruno  Seidel,  who  relates 
the  case  of  a  girl  who  was  killed  by  drinking  the  acid.'  ^^- 
'  "  De  morbis  incurabilis,"  Francof.,  1.303,  p.  13. 
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ing  the  seventeenth  and  eighteenth  centuries  deaths  from  nitric 
acid  occurred  occasionally,  and  Tartra,  whose  thesis^  was  for 
that  period  an  exhaustive  treatise  upon  the  toxicology  of  the 
mineral  acids,  relates  55  cases,  29  of  which  were  first  described 
in  this  thesis.  Of  these,  26  died — 19  from  the  primary  action, 
and  7  from  the  secondary  effects  of  the  corrosive.  Considering 
the  much  more  extended  use  of  nitric  acid  at  the  present  time, 
the  frequency  of  intoxications  by  it  has  not  materially  increased 
since  the  time  of  Tartra.  We  find  reference  to  85  cases  since 
1802,  distributed  as  follows:  1802-9,  1;  1810-19,  3;  1820-29, 
6;  1830-39,  9;  1840-49,  5;  1850-59,  9;  1860-69,  17;  1870-79, 
9;  1880-89,  15;  1890-99,  9;  1900-1909,  3.  At  the  present  time 
nitric  acid  is  apparently  less  frequently  the  cause  of  death  directly 
than  either  hydrochloric  or  sulfuric  acid. 

We  find  mention  of  fourteen  criminal  administrations  of  ni- 
tric acid,  all  of  which  occurred  on  the  continent  of  Europe.^ 
The  earliest  was  one  of  Tartra's  cases.''  In  1801  a  woman  of 
thirty-five  died,  it  was  alleged,  from  the  effects  of  nitric  acid 
mixed  with  white  wine  which  was  poured  down  her  throat  while 
she  was  intoxicated.  Two  other  French  cases  are  reported. 
One  that  of  a  woman  who  died  from  the  effects  of  nitric  acid 
poured  into  her  ear  by  her  husband  while  she  was  intoxicated, 
"to  punish  her";*  the  other  the  case  of  a  woman  who  killed  her 
infant  shortly  after  its  birth  by  pouring  nitric  acid  down  its 
throat.'  Eight  cases  are  reported  in  German  literature.  One 
was  in  an  adult  female  who  took  the  acid  under  the  advice  of 
her  lover  in  the  belief  that  it  would  provoke  abortion;*  the  others 
were  in  infants  or  young  children.'     One  case,  also  in  an  infant, 

'  "Essai     sur     I'empoisonnement,  °  Taylor:  "Poisons,"  3d  Am.  ed. 

par  I'acide   nitrique,"  Paris,  An  x.  210,  from  Cazauvieilh:  "Du  suicide 

[1802].  de  I'ali^nation  mentale,"  etc.,  Paris, 

'  Gribble  and  Hehir  ("Med.  Jurispr.  1840. 

for  India,"    3d   ed.,    1892,   p.   435)  "  Buchner:     Friedreich's     Bl.     f. 

state,  on  the  authority  of  Dr.  Rog-  ger.  Med.,  1866,  xvii.,  192.     Accord- 

ers,  that  two  cases  of  intoxication  ing   to   Schauenburg    (Vrtljschr.    f. 

occurred     in     India     during     1883,  ger.  Med.,  1872,  n.  F.,  xvi.,  54),  the 

in  which  nitric  acid  was  found  mixed  German  name  of  this  acid,  "Scheide- 

with  coffee.  wasser, "is  applied  to  it  from  the 

A  man  was  convicted  of  murder  prevalence  of  its  use  to  separate  the 

by  a  mixture  of  sulfuric  and  nitric  fcetus  from  the  mother, 

acids  in  1889.     (See  Mixed  Acids.)  '  Osenbruggen:    Friedreich's     Bl. 

'Tartra:    Loc.    cit.     Orfila:    "Tr.  f.  ger.  Med.,  1867,  xviii.,  75.  Buch- 

de  tox.,"  56me  ed.,  i.,  166.  ner:    Loc.    cit.    (2    cases).    Casper- 

*Morisson:  Arch.  gfo.   de.  m^d.,  Liman:  "  Handb.  d.  ger.  Med.,"  8te 

1826,  xi.,  104.     Orfila;  Op.  ci^.,  172.  Aufl.,   ii.,   549;  and  Lesser:   "Atlas 
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is  reported  from  Hungary/  and  two  cases  in  young  children  from 
Finland.^ 

Symptoms  and  Diagnosis. 

The  effects  and  manifestations  produced  by  nitric  acid  are 
similar  to  those  caused  by  sulfuric  or  hydrochloric  acid.  The 
principal  point  of  difference  is  in  the  color  of  the  stains  formed 
upon  those  portions  of  the  skin  and  visible  mucous  membrane 
touched  by  the  acid.  Owing  to  the  xanthoproteic  reaction  pro- 
duced by  nitric  acid  upon  the  proteins,  these  are  colored  a 
bright  yellow,  which  turns  to  orange  on  the  addition  of  am- 
monia. Consequently  the  stains  produced  by  nitric  acid  are 
usually  distinctly  yellow,  and  subsequently  become  dirty  light- 
brown,  and  the  superficial  layer  readily  peels  off  in  a  short  time. 
Yellow  stains  are,  however,  neither  constantly  present  nor  cer- 
tainly characteristic.  The  acid  may  be  taken  from  a  spoon  or 
other  vessel  passed  well  back  into  the  mouth,  when  no  visible 
stains  are  formed,  as  in  a  case  reported  by  Berselh.^  The  lips 
and  skin  of  the  chin  have  been  seen  to  be  excoriated,  and  the 
tongue  and  buccal  mucous  membrane  white  or  red  in  place  of 
yellow,*  even  when  they  have  been  corroded  by  nitric  acid;  but 
such  cases  are  unusual  and  exceptional.  If  the  patient  be  seen 
some  time  after  the  acid  has  been  taken,  the  yellow  stain  may 
be  concealed  by  an  eschar — as  in  a  man  who  was  seen  on  the 
day  after  taking  a  teaspoonful  of  the  acid.  The  lips  and  tongue 
were  covered  with  a  thick  brown  scab,  which  peeled  off  the  next 
day,  exposing  the  brightly  yellow  stained  mouth  and  tongue.^ 
On  the  other  hand,  yellow  stains  may  be  produced  by  picric  acid 
or  by  any  one  of  a  number  of  other  yellow  dyes,  and  have  even 
been  met  with  in  corrosion  by  sulfuric  acid." 

If  the  patient  be  seen  during  the  first  twenty-four  hours  the 

d.  ger.  Med.,"Pl.  i.,  Fig.  2;  Buchner:  ^Duckworth:    Tr.     Clin.    Soc, 

Loc.   cit.,  1886,   xxxvii.,   9   and    14.  London,     1886,    xix.,    53.     Richar- 

Lesser:  Vrtljschr.  f.  ger.  Med.,  18118,  diere:  Ann.  d'hyg.,  etc.,  1886,  3  s., 

3  F.,  xvi.,  83.  XV.,  88.     St.  Geo.  Hosp.  Rep.,  1877- 

'  Masclilia:Samml.  Gutacht.Prag.  78,   ix.,    18.    Dougall:   Glasgow  M. 

m.  Fak.,  1867,  3  F.,  284.  J.,  1872,  n.  s.,  iv.,  338. 

=  Fagerlund:     Vrtljschr.     f.     ger.  '  Guy's  Hosp.  Rep.,  1859,  3  s., v., 

Med.,    1894,    3   F.,    viii.,    Supplhft.,  140. 

59.     See  also  "Statistics,"  p.    228,  "Taylor:  Guy's  Hosp.  Rep.,  1846, 


'  Gaz.    med.    ital.    Prov.    Venet., 
■I860,  iii.,  201. 


2  s.,  iv.,  396. 
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most  certain  means  of  establishing  a  diagnosis  in  doubtful  cases 
is  by  the  detection  of  nitric  acid  in  the  urine,  which,  moreover, 
is  red  or  dark  in  color.  ^ 

Prognosis. 

The  prognosis  in  nitric  acid  intoxication  is  even  more  un- 
favorable than  in  that  by  hydrochloric  acid.  Of  76  persons 
affected  64,  or  84.2  per  cent.,  died,  and  12,  or  15.8  percent.,  re- 
covered from  the  primary  effects.  Of  54  fatal  cases  in  which 
the  duration  is  reported  death  occurred  in  less  than  three  hours 
in5  (9.2  per  cent.),  during  the  first  twenty-four  hours  in  5 -1-16  =  21 
(61.1  per  cent.),  during  the  first  week  in  21+12=33  (61.1  per 
cent.),  within  a  month  in  33+7  =  40  (74  per  cent.),  and  in  periods 
longer  than  a  month  in  14  (26  per  cent.).  The  extremes  of  dura- 
tion were  "in  a  few  minutes"  in  a  new-born  infant,^  and  in  three 
hours  in  a  woman  of  fifty-five  years,^  as  minima;  and  as  maxima, 
two  years  in  one  case  and  "several  years"  in  another.* 

Post-mortem  Appearances. 

These  are  very  similar  to  those  observed  after  death  from  sul- 
furic acid,  and  under  like  conditions  the  destruction  of  tissue  is 
quite  as  extensive.  In  place,  however,  of  the  blackening  of  the 
gastric  mucous  membrane  so  frequently  met  with  after  death  by 
sulfuric  acid,  the  stomach,  as  well  as  the  oesophagus,  pharynx 
and  tongue,  are  usually  yellow  in  color.  The  color  varies  from 
a  bright  yellow  to  a  dirty  olive  yellow,  and  frequently  alter- 
nates with  black  or  red.^  While  the  yellow  color  is  very  rarely 
absent  in  the  oesophagus  and  stomach  after  death  from  the 
primary  action  of  nitric  acid  except  when  the  acid  has  not  been 

'  Richardifere :  Loc.  cif. ;  Schulzen:  three-quarter  hours,  quoted  by  Tay- 

Arch.    f.    Anat.,    Phys.,    etc.    1864,  lor  from  Sobernheim   ("Handb.   d. 

500.     Ipsen:  Vrtljschr.  f.  ger.  Med.,  pract.  Tox.,"   Berhn,   183S,  402)  it 

1893,  3  F.,  vi.,  11.     Lassar  (Zts.  f.  is  not  stated  whether  the  decreased 

physiol.     Ch.,     1877,     i.,    165)    and  was  a  child  or  an  adult. 

Spiegel     (Diss.,    Wilrzburg,     1894),  ■'Tardieu:       "Empoisonnement," 

however,  failed  to  find    nitrates  in  26me   ed.,    1875,    238,    239,    quoted 

the   \irine.  from  Moutard-Martin  and  Vernois. 

^  Taylor:  "Poisons,"  3d  Am.  ed.,  ^  Colored  plates  are  to  be  found  in 

210.  Lesser's   "Atl.   der  ger.   Med.,"   PI. 

"Ipsen:    Vrtjsehr.    f.    ger.    Med.,  ii..  Fig.  2,  and  in  Vrtljschr.  f.  ger. 

1893,  3  F.,   vi.,   11.     In  the  notice  Med.,  1893,  3    F.,  vi.,  T.    1   and  2 

of  Bernt's  case,  of  death  in  one  and  (Ipsen). 
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swallowed, '  in  some  instances  the  color  has  been  slate-gray^  and  in 
one  case  is  described  as  green.^  A  yellow  color  may  be  due  to 
causes  other  than  nitric  acid.  Not  only  is  the  gastric  mucous 
membrane  frequently  tinged  yellow  by  biliary  pigment  and  by 
the  formation  of  arsenic  trisulfid,  but  in  a  few  instances  a  more  or 
less  extensive  yellow  coloration  has  been  observed  after  death 
caused  by  sulfuric*  or  hydrochloric'  acid,  or  by  the  mineral 
alkalies."     In  one  case  the  stomach  was  perforated.' 

Analytical.* 

If  the  acid  have  been  swallowed  in  notable  quantity  and  have 
caused  death  within  a  short  time,  nitric  acid,  both  free  and  in 
combination,  should  be  found  not  only  in  the  stomach  contents, 
but  in  other  tissues  as  well.  In  the  body  of  a  suicide  who  died 
in  three  hours  from  the  effects  of  a  large  but  undetermined  dose 
of  nitric  acid,  Ipsen'  found  free  nitric  acid  in  the  stomach, 
oesophagus,  left  pleural  cavity,  duodenum,  pancreas,  liver,  and 
spleen,  and  nitrates  in  the  urine,  50  c.c.  of  which  contained 
1.1497  gm.  HNOj,'"  as  well  as  in  the  brain,  and  in  the  blood 
from  the  heart  and  lungs.  As  in  fatal  cases  of  acidism,  the 
circulating  liquids  and  the  tissues  do  not  become  acid  before 
death,  although  the  degree  of  their  alkalinity  is  diminished,  the 
presence  of  free  nitric  acid  outside  of  the  alimentary  canal  was 
due  to  post-mortem  diffusion  of  the  acid  through  the  non-per- 
forated wall  of  the  alimentary  canal,  although  only  nineteen 
hours  elapsed  between  the  death  and  the  autopsy.  That  such 
diffusion  takes  place  rapidly  was  shown  by  Ipsen  by  experiment 
upon  a  cadaver.     Bischoff"  obtained  197  mgm.  of  the  free  acid 

'  Buchner:  Friedreich's  Bl.  f.  ger.  « See  p.  322. 

Med.,  1866,  xvii.,  187;  1886,  xxxvii.,  'Jacquemart:MarseiIlem^d.,1895, 

9.  xxxii.,  208. 

2  ToUemer:    Bull.    Soc.   anat.   de  *  See  also  p.  263. 

Paris,  1891,  5  S.,  v.,  670.  »  Vrtljschr.  f.  ger.  Med.,  1893, sr, 

=>  Harris:    Indian  M.  J.,  1885,  iv.,  vi.,  11. 

675.  10  Nitric  acid  was  also  detected  id 

'Habershon:     Med.     Times     and  the    urine     in  Schultzen's   case  of 

Gaz.,  1855,  n.  s.,  xi.,  470.     Jenner:  aqua  regia  poisoning:  -^ch.  f.  Aa, 

Ihid.,  1857,  XV.,  629.     Falk:  Viertel-  Phys.  u.    w.    Med.,   1864,  500,  and 

jschr.    f.    ger.    Med.,    1875,    n.    P.,  one   of    Benjamin's  cases:  Chanle 

xxiii.,     14.     Maschka:    Ihid.,     ISSl,  Ann.,  1807-8,  xxiv.,  244. 

xxxiv.,  197.  11  Vrtljschr.    f.    ger.  Med.,  18»i 

*>  Kryspen:  Arch.  d.  Pharm.,  lS(il,  3  P.,  xvi.,  83. 
clvii.,   23.     V.  AVunschheim:  Prag. 
med.  Wchnshr.,  Isill,  x\-i.,  605. 
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(30  per  cent.)  from  the  alimentary  canal  of  a  child  two  days  old, 
whose  death  had  been  due  to  nitric  acid  poured  into  its  mouth 
and  strangulation. 

For  the  separation  of  nitric  acid  and  of  nitrates  from  por- 
tions of  the  body,  the  process  already  described  (see  p.  266)  is 
to  be  followed.  The  extraction  with  alcohol  should,  however, 
be  made  at  the  ordinary  temperature,  and  should  not  be  undulj^ 
prolonged,  because  of  the  tendency  of  the  acid  to  act  upon  the 
alcohol. 

Or  Vitali's  modification  of  the  Tardieu-Rabuteau  sulfuric 
acid  method^  may  be  followed  for  the  extraction  of  free  nitric 
acid..  The  liquid  part  of  the  material,  or  an  aqueous  extract, 
filtered  and  expressed,  is  treated  with  alcohol,  filtered,  and  evap- 
orated to  expulsion  of  the  alcohol.  Freshly  precipitated  quinidin 
is  added  and  the  mixture  warmed  slightly,  after  which  it  is 
filtered  and  concentrated.  To  three  volumes  of  this  liquid 
two  volumes  of  chloroform  are  added  and  enough  absolute  alco- 
hol to  dissolve  the  chloroform  in  the  aqueous  liquid  and  to  hold 
it  in  solution;  and,  finally,  without  agitation,  half  the  original 
volume  of  water.  In  this  way  the  chloroform,  holding  in  solu- 
tion the  alcohol  and  quinidin  nitrate,  is  separated,  while  alka- 
line nitrates  remain  in  the  aqueous  alcoholic  layer.  The  chlo- 
roform stratum  is  drawn  off  and  evaporated  to  dryness;  the 
residue  is  extracted  with  a  mixture  of  absolute  alcohol  and 
anhydrous  chloroform;  and  the  extract  is  filtered  through  a 
double  or  triple  filter,  and  again  evaporated  to  dryness.  The 
nitric  acid  in  the  residue  is  converted  into  potassium  nitrate 
by  the  action  of  dipotassic  carbonate,  and  known  fractions 
of  the  solution  are  used  for  identification  and  quantitative 
determination. 

Tests  for  Nitric  Acid  and  Nitrates. — 1.  The  free  acid  when 
warmed  in  contact  with  copper  filings  is  reduced  and  gives  off 
brown  fumes,  which,  if  present  in  small  amount,  are  best  seen  by 
looking  into  the  mouth  of  the  test-tube.  With  nitrates  only  in 
presence  of  free  sulfuric  acid. 

2.  If  a  solution  of  a  nitrate  or  of  nitric  acid  be  mixed  with 
an  equal  volume  of  concentrated  pure  sulfuric  acid,  cooled,  and 
a  concentrated  solution  of  ferrous  sulfate  be  floated  on  the  mix- 
ture, a  red-brown  band  is  found  at  the  junction  of  the  two  strata. 
'  "Man.  di  Chim.  Toss.,"  Milano,  1893,  p.  239. 
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A  similar  reaction  is  produced  by  selenious  acid,  but  if  the  layers 
be  mixed  and  allowed  to  stand  selenium  separates  as  a  red 
deposit. 

3.  Add  to  some  hydrochloric  acid  in  a  test-tube  enough 
indigo-carmine  solution  to  give  it  a  pale  blue  color,  and  boil; 
the  blue  color  should  remain.  If,  now,  a  nitrate  or  nitric  acid  be 
added  and  the  liquid  boiled,  the  color  is  discharged.  A  like 
effect  is  produced  by  chlorin  and  by  other  oxidizing  agents. 

4.  A  crystal  of  brucin  dissolves  in  pure  sulfuric  acid,  form- 
ing a  colorless  solution.  If  to  this  a  nitrate  or  nitric  acid  be 
added,  a  brilliant  red-orange  color  is  developed,  which  gradu- 
ally fades  to  yellow.  Chloric  acid  and  its  salts  act  like  nitric 
acid,  but  with  sulfuric  acid  alone  they  produce  a  yellow  or  orange 
color,  and  evolve  a  greenish,  suffocating  gas.  This  reaction  is 
only  exceeded  in  delicacy  by  No.  7  (Berthemont). 

5.  Narcotin  is  dissolved  by  pure  concentrated  sulfuric  acid, 
forming  a  light  yellow  solution,  which  turns  purphsh  when 
heated.  But  if  nitric  acid  or  a  nitrate  be  present,  the  cold 
solution  is  reddish-brown  and  turns  dark  red  when  warmed 
(Wormley). 

6.  If  to  a  few  drops  of  a  solution  of  paratoluidin  sulfate  (or 
a  sulfuric  acid  solution  of  commercial  anilin  oil)  a  solution  of  a 
nitrate  be  added,  and  then  an  equal  volume  of  concentrated  sul- 
furic acid  in  such  manner  that  the  liquids  do  not  mix,  a  red 
zone,  gradually  changing  to  dark  yellow,  is  formed  at  the  junc- 
tion of  the  liquids.  Nitrites  produce  a  yellowish  or  brownish 
color,  which  only  becomes  red  after  a  time.  Chlorates  give  the 
same  reaction  as  nitrates  (Braun,  Longi). 

7.  A  drop  of  a  freshly  prepared  solution  of  0.01  gm.  di- 
phenylamin  in  100  c.c.  of  pure  concentrated  sulfuric  acid  is 
placed  in  a  porcelain  dish,  and  a  minute  drop  of  a  solution  of  a 
nitrate  or  of  nitric  acid  brought  into  it  with  a  pointed  glass  rod; 
a  fine  blue  zone  is  formed  around  the  lesser  drop,  which  becomes 
more  intense  as  the  two  liquids  mix,  gradually  assumes  a  green 
tinge,  and  finally  fades  out.  Although  this  is  the  most  delicate 
of  the  nitric  acid  reactions,  it  is  not  so  characteristic  as  some  of 
the  others;  a  blue  color  is  also  produced  by  nitrites,  chlorates, 
hypochlorites,  bromates,  iodates,  vanadates,  chromates,  perman- 
ganates, molybdates,  salts  of  iron,  barium  peroxid,  and  hydro- 
gen peroxid  (Kopp,  Laar). 
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8.  One  part  of  phenol  is  dissolved  in  four  parts  of  concen- 
trated sulfuric  acid,  and  two  parts  of  water  are  added.  If  a 
drop  or  two  of  this  reagent  be  added  to  a  solid  nitrate,  a  reddish- 
brown  color  is  produced,  which,  on  addition  of  a  drop  or  two  of 
strong  ammonium  hydroxid  solution,  turns  yellow  or  greenish 
(Sprengel) . 

Quantitative  Determination. — The  quantity  of  nitric  acid 
is  best  determined  by  v.  Dumreicher's  method:^  To  the  solution 
containing  nitric  acid  or  nitrate  contained  in  a  flask  a  freshly 
prepared  solution  of  stannous  chlorid^  is  added,  and  the  mixture 
boiled  for  an  hour,  after  which  it  is  transferred  to  a  porcelain 
capsule  and  evaporated  on  the  water-bath  to  the  formation  of  a 
crystalline  crust.  The  capsule  is  left  on  the  water-bath  for 
another  half-hour  and  then  allowed  to  cool.  By  this  treatment 
nitric  acid  is  converted  into  ammonia,  which  is  retained  by  the 
acid.  The  cooled  solution  is  distilled  with  caustic  potash,  and 
the  distillate  collected  in  normal  acid  solution.  The  quantity  of 
ammonia  is  determined  by  titration.  The  quantity  of  am- 
monia (NHj)  found,  multiplied  by  3.683,  gives  the  quantity  of 
nitric  acid  (HNO3)  present. 

Nitrous  Fumes. 

Nitric  acid  has  in  several  instances  been  indirectly  the  cause  of 
death.  When  the  acid  is  exposed  to  the  air  or,  more  rapidly,  when  it 
is  in  contact  with  organic  matter  or  with  metals,  it  is  partly  volatilized 
and  partly  decomposed  with  formation  of  the  oxids  of  nitrogen,  par- 
ticularly of  nitrogen  tetroxid,  NOj.  The  fumes  or  vapors  thus  given 
off  are  brown  in  color  and  are  actively  poisonous,  being  particularly 
dangerous  because  of  the  comparatively  slight  discomfort  which  they 
produce  at  once  when  inhaled.  As  small  a  proportion  as  one  per  cent, 
renders  an  atmosphere  irrespirable,  and  produces  severe  irritation  of 
the  respiratory  organs,  as  well  as  genersri  systemic  effects. 

We  have  met  with  the  records  of  89  cases^  of  poisoning  by  the 
inhalations  of  such  fumes,  of  which  38  caused  deaths,  in  from  five* 

'  Sitzber.  d.  k.  Acad.  d.  Wissensch.  three    cases    by    Picht:  Ztschr.    f. 

z.  Wien,  1880,  Ixxxii.,  2,  p.  583.  Med.-Beamte,   1902,  xv.,  Sonderh., 

^  Made   by   dissolving   16  gm.   of  1;  nor  that  of   Bley  in  Jbt.   U.   d. 

pure  granulated  tin,   in  60  gm.   of  Fortschr.  d.  Pharm.,  1878,  571.    See 

forty-per-cent.    pure    hydrochloric  also  Montagn^:  These,  Paris,  1907- 

acid,    and    used    in    such    amount  8.     Coullaud:  Ann.     d'hyg.,     1909, 

that  the  above  quantity  is  present  4  s.,  xii.,  490. 
for  each  gramme  of  nitric  acid.  *  Manouvriez :  Bull.  Ac.  de  med., 

^  We  have  not  seen  the  report  of  1897,  3  s.,  xxxvii.,  306. 
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to  forty'  hours  in  36  cases,  while  two  died  in  22  days  and  1  month.' 
A  few  cases  have  occurred  in  workmen  engaged  in  operations  involving 
the  action  of  nitric  acid  on  metals.'  In  one  case  a  morocco  worker  was 
exposed  to  the  fumes;*  in  three  other  cases,  chemists;^  in  another  an 
operative  in  anilin  works;"  in  four  operatives  in  a  nitro-eellulose 
factory,  three  of  whom  died;'  in  three  instances  workmen  were  overcome 
while  cleaning  the  lead  chambers  or  Glover's  towers  of  sulfuric  acid 
works.'  A  man  suffered  severely  from  carrying  a  large  open  pot 
containing  the  fuming  acid  a  short  distance,"  and  a  girl  was  similarly 
affected  by  inhaling  the  fumes  given  off  by  the  strong  acid  which  she  was 
carrying  in  a  tin  box(!).'"  In  preparing  a  fertilizer  containing  super- 
phosphate (probably  containing  an  excess  of  sulphuric  acid)  and  Chili 
saltpetre  among  its  ingredients,  the  mass  took  fire  and  evolved  thick 
clouds  of  orange-colored  vapors.  Some  thirtj^  persons  were  poisoned, 
of  whom  two  died."  Another  poisoning  of  four  persons,  with  two 
deaths,  occurred  in  France  from  the  same  cause. '^  But  most  of  the 
cases  have  resulted  from  the  spilling  of  notable  quantities  of  the  acid," 
or  fracture  of  vessels  containing  it,"  and  attempts  to  protect  property 
from  injury  thereby.  At  a  fire  so  caused  at  the  Bayer  factory  at 
Elberfeld  thirteen  persons  were  severely  poisoned  and  two  died;" 
and  at  a  similar  fire  at  Albany,  N.  Y.,  four  firemen  were  overcome, 
and  one  died. '"  The  throwing  of  sawdust  upon  the  spilled  acid  not  only 
increases  the  volume  of  the  fumes  generated,  but  also  activates  the  oxi- 

'Pott:    Deut.    med.    Wchnschr.,  665.    Lesser:  Vrtljschr.  f.  ger.  Med., 

1884,  X.,  451.  .  1898,  3  F.,  xvi.,  83. 

=  Hall  and  Cooper:  J.  Am.  Med.  «  Becker:  Aertz.  Schv.  Ztg.,  1899, 

Ass.,  1905,  xlv.,  396.  v.,  277. 

^Tandler:  Arch.  d.  Heilk.,  1878,  '"  Schmitz:  loc.  cit. 

xix.,  551.    Chevallier   and  Boys   de  "  Pott:  Zoc.  cj'i. 

Loury:  Ann.  d'hyg.,  1847,  xxxviii.,  "Manouvriez:  he.  cit. 

323.    Souquet:    cited   by  Chevalier  >' Temple:  Boston  M.  and  S.  J., 

and  Bois  de  Loury.  1884,    ex.,    496,    five    cases,   two 

*  Tardieu  and  Roussin:  Ann.  d'-  deaths, 
hyg.,  1875,  2  S.,  xUv.,  345.   Wharton  "  Chem.  News,  1863,  132  (caseot  • 

and   Still^:    "Med.    Jur.,"   4th   ed.,  Mr.   Stewart   and   assistant).    Des- 

ii-i  529.  granges:  J.  de  m4d.,etc..  An.  xii. 

^Schmitz:     Berl.   Id.    Wchnscfer.,  (1804),    viii.,   4S7.     Charrier:  Bull. 

1884,  xxi.,  428.    Kockel:  Vrtljschr.  f.  Soc.  mM.  d'emul.,  1823,  quoted  by 

ger.  Med.,  1898,  3  F.,  xv.,  1.     Wood  Orfila:    "Tox..,"     5e.,  ed.,  ii.,  189. 

and    Stephen:   Australas.    M.    Gaz.,  Lancet,   1854,  i.,  430,  and  Temple: 

1909,  xxvih.,  25.  loc.    cit.     (case    of   Mr.   Haywood). 

0  Bauer:  Virch.-Hirsch  Jbt.,  1895,  Wood  and  Stephen:  loc.  cit.    Kockel: 

!•>  460.  loc.  cit.     Schmieden:  Centbl.  f.  inn. 

'Holtzmann:    Ztschr.    f.     Gew.-  Med.,  1892,  xiii.,  209.    Biirgl:  Fried- 

Hyg.,    1908,    XV.,    565.     See    also:  reich's  BI.  f.  ger.  Med.,  1899, 1.,  204. 
Vogt:   Vrtljschr.  f.  off.   Ges.,   1898,  '^^  Kunne:  Deut.  med.  Wchnsclir., 

XXX.,  566.  1S97.  xxiii.,  414. 

'Eulenberg:      Vrtljschr.    f.    ger.  "Pearson:    Albany    M.    Annals, 

Med.,  1S76,  n.  F.,  xxv.,  209,    Paul:  1899,  xx,,  28, 
Wien.    kl.    Wchnschr.,    1S95,    viii., 
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dation  to  such  an  extent  that  fire  results.'  At  a  fire  caused  in  this 
manner  in  Milwaukee  four  firemen  were  killed  by  nitrous  fumes,  and 
five  others  were  almost  fatally  poisoned.-  At  a  similar  fire  in  Denver, 
eighteen  firemen  and  two  employees  were  severely  poisoned,  and  four 
of  the  former  died.^  Products  of  oxidation  of  nitrogen  are  formed 
during  the  combustion  of  illuminating  gas,  and  are  detrimental  to 
health.'' 

Ssrmptoms. 

No  effects,  save  a  trifling  irritation  of  the  air  passages,  are  felt  for 
from  two  to  four  hours  after  the  inhalation,  if  we  except  the  temporary 
sense  of  suffocation  sometimes  experienced  at  the  time,  when  the 
vapors  are  inhaled  in  a  condition  but  slightly  diluted  with  air.  There 
is  then  a  sense  of  uneasiness  and  loss  of  muscular  power,  accompanied 
by  sense  of  constriction  of  the  chest,  pain  on  inspiration,  and  coughing. 
The  face  is  pale,  the  lips  cyanosed,  the  forehead  bathed  in  cold  per- 
spiration, the  extremities  cold,  and  the  pulse  weak.  The  respiratory 
organs  are  the  seat  of  very  acute  hypersemic  inflammation  of  the  bron- 
chial mucous  membrane,  which  at  first  is  limited  to  the  larger  tubes, 
but  rapidly  extends  to  the  finest  bronchi.  The  sputa  are  lemon-yellow 
to  dirty  gray  in  color,  tenacious,  adherent  to  glass,  alkaline  in  reac- 
tion,' and  contain  a  few  pavement  and  columnar  epithelial  cells, 
innumerable  nuclei,  large  numbers  of  red  and  white  blood  corpuscles, 
and  groups  of  yellow  non-refracting  pigment  globules,  which  exhibit  a 
lively  Brownian  movement.  Vomiting  occurs  but  rarely,  and  pain, 
which  is  in  some  cases  intense,  is  not  epigastric  but  thoracic.     The 

;  urine  is  normal.  In  fatal  cases  the  dyspnoea  increases,  sometimes  after 
marked  remissions,  coarse  rales  are  heard  all  over  the  chest,  and  death 
occurs  with  all  the  signs  of  acute  pulmonary  cedema.  Recovery  is 
slow,  and  occupies  one  to  two  weeks  in  the  less  severe  cases.  In  one- 
third  of  Hall  and  Cooper's  cases"  relapses  occurred,  generally  on  the 
third  week,  and  averaging  15  days  in  duration.     The  symptoms  were 

^  those  of  the  original  attack,  but  less  intense  usually.  The  average 
duration  from  exposure  to  practical  recovery  in  eight  cases  was  113 
days,  five  were  not  well  in  nine  months,  and  two  died.     The  two  who 

,died  had  been  affected  at  first  like  the  others,  but  more  severely,  had 

.progressed  favorably,  and  were  comparatively  well,  when  the  relapse 
was  brought  on  suddenly  by  exposure  to  cold.  Both  were  unconscious 
several  hours  before  death,  and  both  died  with  all  the  symptoms  of  a 

!  desperate  broncho-pneumonia. 

'Schneider,    Kockel,    Schmieden:  *v.  Bibra:    Arch.  f.   Hyg.,    1892, 

.'■oc.  cit.  XV.,  216. 

^Harrington:    Wisconsin    J.     of  *  Pott:  Deutsch.     m.     Wchnschr., 

,,VI.,  1903,  i.,  177.  1884,  x.,  451. 
'     ^  Hall  and  Cooper:  loc.  cil.  "  Loc.  cit. 
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Treatment. 

Heroin  in  1  /12-grain  doses  controls  the  cough,  but  has  no  effect  upon 
the  dehrium.  Strychnin,  digitahn,  and  nitroglycerin  in  heroic  doses 
have  a  gratifying  influence  upon  the  heart.  Champagne  may  be  given 
freely.  Restlessness  is  partly  controlled  by  chloralamid.  Inhalationof 
oxygen  should  be  resorted  to  as  early  as  possible,  and  constitutes  tlie 
main  reliance  of  the  treatment,  along  with  the  application  of  the 
pneumonia  jacket  or  poultices  to  the  chest. 

Post-mortem  Appearances. 

The  most  marked  changes  are  found  in  the  thoracic  organs.  The 
pleurae  are  adherent  over  more  or  less  of  their  extent.  The  lungs  are 
extremely  hypersemic,  and  their  tissue  is  extensively  disorganized,  satu- 
rated with  black,  fluid  blood,  presenting  a  spleen-like  appearance  on 
section,  and  non-crepitant  except  in  a  few  places.  The, cavities  of  the 
heart,  particularly  those  of  the  right  side,  are  distended  with  black 
blood,  partly  fluid  and  partly  imperfectly  coagulated,  and  a  similar 
material  fills  the  great  vessels.'  The  mucous  membrane  of  the  trachea 
and  bronchi  is  more  or  less  reddened.  The  stomach  is  distended  with 
gas,  contains  a  small  quantity  of  fluid,  which  may  be  strongly  acid  in 
reaction,  and  its  mucous  membrane  is  inflamed,  thickened,  and  stained 
yellow  in  places.  The  veins  of  the  pia  mater  and  the  arteries  at  the 
base  of  the  brain  are  distended  with  dark  colored,  tarry,  or  fluid  blood.' 

Nitrates  and  Nitrites. 

Nitrates  which  are  used  in  solution  containing  excess  of  acid  or 
which  are  readily  reduced  by  contact  with  organic  substances  produce 
effects  which  are  similar  to  those  of  nitric  acid  itself,  more  or  less  com- 
plicated by  the  toxic  effects  of  the  metallic  element.  Examples  of  such 
nitrates  are  the  acid  mercuric  nitrate  and  silver  nitrate. 

Acid  Mercuric  Nitrate. — See  Mercury. 

Silver  Nitrate — Lunar  Caustic,  Lapis  infernalis. 

Acute  intoxications  by  this  substance  are  of  very  rare  occurrence. 
Of  eight  cases  reported  five  were  the  results  of  accident  in  children,  but 
one  of  which  died,  a  child  of  fifteen  months,  into  whose  throat  a  stick  of 
lunar  caustic  slipped  during  its  medical  application.  Death  occurred 
in  six  hours  in  violent  convulsions.^  Of  the  three  cases  in  adults,  one 
was  that  of  a  woman  of  fifty-one  years  who  died  in  three  days  fwm 
the  effects  of  a  six-ounce  mixture  containing  fifty  grains  of  silver  ni- 

'In    Eulenberg's    case  (Zoc.    cit.)  =>  Lassar:  Ztschr.  f .  physiol.  Chein., 

in  which  the  gas  inhaled  contained  1S77,  i.,  165. 

other  ingredients  than  nitrous  fumes,  '  Scattergood:    Brit.  Med.  Joi^'i 

the   heart   and   great   vessels   were  1871,  i.,  527. 
found  empty. 
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trate,  taken  in  divided  doses;'  another  was  an  attempted  suicide,  wlio 
recovered  after  swallowing  about  30  gm.  (one  ounce)  of  silver  nitrate;^ 
the  third  was  that  of  a  paranoiac  who  died  eight  days  after  having  swal- 
lowed three  sticks  of  lunar  caustic'  Hippie*  reports  the  case  of  a  soldier 
who  applied  lunar  caustic  to  his  cornea  to  evade  military  duty. 

The  symptoms  are  those  of  intense  gastro-enteritis. 

The  antidote  indicated  is  common  salt,  followed  by  an  emetic.  Sil- 
ver chlorid  and  sodium  nitrate  are  produced.  The  former,  although 
insoluble  in  water,  is  soluble  to  some  extent  in  sodium  chlorid  solution, 
and  also  forms  with  albuminous  substances  a  compound  which  is 
soluble  in  sodium  chlorid  solution  and  in  the  digestive  liquids. 

Potassium  Nitrate,  KNO3,  saltpetre,  nitre,  and  sodium 
nitrate,  NaNOg,  Chili  saltpetre,  cubic  nitre,  are  used  in  the  arts  as 
oxidizing  agents,  the  former  also  as  a  component  of  black  gun- 
powder, and  the  latter  in  fertilizers  and  as  a  source  of  nitric  acid. 
They  are  true  poisons,  not  corrosives,  the  former  being  much 
more  active  than  the  latter,  because  of  the  toxic  action  of  the 
potassium.  We  find  no  record  of  a  human  poisoning  bj^  the  so- 
dium salt,  although  several  poisonings  of  horses  and  cattle  have 
been  reported.^  It  is  possible  that  it,  as  vpell  as  the  potassium 
salt,  might  cause  nitrite  poisoaing  by  reduction. *  We  have  seen 
the  reports  of  33  cases^  of  saltpetre  poisoning,  of  which  3  were 
accidental,  one  a  suicide,*  and  in  one  it  was  successfully  taken  to 
cause  abortion. °  The  accidental  cases  have  for  the  most  part 
resulted  from  mistaking  nitre  for  Epsom  or  Glauber's  salts.  One 
was  the  fatal  poisoning  of  a  soldier  by  gunpowder,  taken  in 
brandy  for  gonorrhoea.'"  Fifty  per  cent,  of  the  cases  termi- 
nated in  death.  The  smallest  quantity  which  has  caused  the  death 
of  an  adult  was  one  ounce  (31  gm.)."  Eight  gm.  (124  gr.)  ad- 
ministered in  enema  is  said  in  an  early  case  to  have  caused  death.  '^ 

'Taylor:  "Poisons,"  3d  Am.  ed.,  'Six  other  cases  are  reported  in 

475.  journals  inaccessible  to  us. 

^Orfila:  "Tox.,"  56me  ed.,  ii.,  22.  'Souville:  quoted  by  Orfila: 

'Edel:    Vrtlijschr.  f.    ger.   Med.,  "Tox.,"  5e  ed.,  i.,  354. 

1901,  3  F.,  xxii.,  39.  "  Alexander:  ibid.,  p.  356. 

*Berl.  kl.  Wchnschr.,  1891,xxviii.,  "Robert:  Rec.  de  m6m.  de  med. 

466.  .    .    .   mil.,  1869,  3  S.,  xxii.,  275. 

=  Barth:  Diss.,  Bonn,  1879.  Froh-  "  Oberstadt:  Wchnschr.  f.  d.  ges. 

ner:  "Lehrb.    d.    Tox.,"    1890,    78.  Hlk.,  1841,  297.    Fuller:  quoted  by 

Tereg     and     Arnold:    "Thieriirztl.,  Taylor:     "Poisons,"    3d    Am.    ed., 

Arzneib.,"  Berlin,  1892,  iii.,  383.  263.     Chevalier,     de     Luynes     and 

"Barth:  Loc.   cil.    Binz:  Arch.   f.  Devergie:   Ann.   d'hyg.,  1861,  2  S., 

exp.  P.  u.  P.,  1881,  xiii.,  133.     See  xvii.,  400. 

also  "Nitrites,"  p.  306,  and  "Bis-  '^  Meyer:  St.   Pet.   verm.  Abh.  d. 

muth,"  p.  687.  Hlk.,  1823,  ii.,  88. 
IV.— 20 
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One  man  recovered  after  having  taken  four  ounces  (125  gm.),' 
In  the  most  rapidly  fatal  case  death  occurred  in  45  minutes/ 
and  the  longest  survival  was  60  hours.^  The  average  of  eleven 
fatal  cases  in  which  the  duration  is  stated  was  thirteen  hours. 

The  symptoms  begin  very  soon  with  nausea,  burning  epigas- 
trie  pain,  and  vomiting,  followed  by  abdominal  pain  and  purging. 
The  vomit  and  stools  sometimes  contain  blood,  and  in  Butler's 
case"*  pure  blood  was  vomited.  In  Bailey's  case'^  the  pulse  was 
full  and  bounding,  the  eyes  congested,  the  face  red  and  hot,  and 
the  patient  became  wildly  delirious,  afterward  falling  into  a  con- 
dition of  collapse,  which  was  followed  by  a  second  period  of  ex- 
citement. In  Robert's  case  (gunpowder)"  there  were  no  ill 
effects  upon  the  first  day,  but  upon  the  second  there  was  a  condi- 
tion of  violent  excitement,  resembling  drunkenness.  In  Wilson's 
case,'  on  the  other  hand,  the  pulse  was  weak,  small,  and  thready, 
and  the  man  was  stupid,  but  rational.  In  this  case  also  there 
were  neither  abdominal  pain  nor  purging,  although  epigastric 
pain  was  experienced  and  vomiting  occurred.  In  Thompson's 
case*  the  pain  was  principally  abdominal  and  only  began  three 
hours  after  the  ingestion,  and  on  the  third  day  there  were  severe 
lumbar  pain  and  haematuria.  In  Mouton's  case'  the  action  o( 
potassium  was  prominent,  great  anxiety,  lumbar  pain,  spasmodic 
muscular  contractions,  aphonia,  convulsions,  coma,  and  death  in 
about  six  hours.  Recovery  from  large  doses  is  slow,  and  general 
weakness,  parasthesias,  and  gastro-intestinal  disturbances  per- 
sist for  tAVO  to  three  months. 

At  the  autopsy  evidences  of  hemorrhagic  gastritis  are  found, 
and  in  Souville's  case^"  there  was  a  small  perforation  at  the 
fundus.  In  Lesser's  case"  Bischoff  on  analysis  detected  nitrates 
in  the  stomach  contents,  liver,  kidneys,  and  spleen. 

The  nitrites,  sodium  nitrite  and  amyl  nitrite,  are  used  medic- 
cinally,  the  former  per  os  and  the  latter  by  inhalation  of  its 
vapor,  and  are  poisonous,  although  not  corrosive.  Non-fatal 
poisonings  by  sodium  nitrite,  taken  through  pharmacists'  errore 

'  Bailey:  Phila.  M.  and  S.  Rptr.,  ^  Loc.  cit. 

1872,  xxvi.,  7.3.  '  London    M.    Gaz.,  1848,  n.  b., 

^  Chevalier,    de  Luynes  and  De-  vi.,  856. 

vergie:  Loc.  cit.  «  Brit.  M.  J.,  1878,  i.,  402. 

■'  Souville;  Loc.  cit.  '  Union  med.,  1873,  xv.,  472. 

*Edinb.  M.  and  S.  J.,  ISKS,  xiv.,  '"Loc.  cit.                                „„, 

34.  >■  Vtljschr.    f.    ger.    Med.,  » 

■'  Lor.  cit.  3  F.,  xvi.,  93. 
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in  mistake  for  a  nitrate,  are  reported  by  Collischonn'  and  by 

Bloch;-    and    Shoemaker^    reported    a    non-fatal    poisoning   by 

swallowing  amyl  nitrite.     Cadwallader''  reports  the  death  of  a 

physician  in  sixteen  days  from  the  inhalation  of  a  comparatively 

.small,  but  unknown  quantity  of  the  vapor.     Cases  of  nitrite 

.poisoning  have  also  resulted  from  reduction  of  bismuth  subnitrate 

,i,n  the  alimentary  canal.'     When  taken  internally  the  nitrites 

;xert  a  local  irritant  action  upon  the  alimentary  canal.     How- 

!ver  absorbed,  they  are  stimulant  to  the  central  nervous  system, 

md  produce  spasms  when  taken  in  overdose:  and  they  reduce 

isemoglobin  to  methsemoglobin,  the  blood  giving  the  spectrum 

)f  the  latter  substance   and   being  chocolate-brown  in  color." 

\ccording  to  the  experiments  of  Harnack'  sodium  nitrite  kills 

lecause  of  its  reduction  in  the  system,  the  products  of  the  re- 

luction  probably  participating  in  the  action.     Nitrites  exist  in 

mall  quantities  in  the  saliva  and  in  several  of  the  tissues  of  the 

')ody,  and  are  produced  by  bacterial  action  in  the  alimentary 

:anal,  either  by  reduction  of  the  nitrates   or  by    oxidation  of 

immonia.*     Gibson  and  Douglas®  report  a  case  of  autointoxica- 

'ion  of  three  years'  standing,  with  symptoms  of  methsemoglobin- 

3mia,  the  presence  of  nitrites  in  the  saliva  and  blood,  and  of 

-nethaemoglobin  in  the  latter.     Nitrites  of  bacterial  origin  fre- 

•{uently  occur  in  impure  natural  waters. 

s  Mixed  Acids. 

Mixtures  of  mineral  acids  are  used  in  the  laboratory  and  in 
he  arts,  and  have  been  swallowed  by  man  in  a  few  instances, 
iroducing  effects  similar  to,  but  even  more  intense  than,  those 

'  aused  by  either  acid  alone. 

*•  A  mixture  of  nitric  and  hydrochloric  acid,  in  the  proportion 
f  one  molecule  of  the  former  to  three  of  the  latter  (one  part 

!^ 

'Deut.    med.    Wchnschr.,    1889,  253.     Binz:  Arch.  f.  exp.  P.  u.  P., 

v.,  844,  two  cases.  1881,  xiii.,  133. 

■  2  Ibid.,  1899,  XXV.,    322.      Ph.    J.  '  Berl.  kl.  Wchnschr.,  1893,  xxx., 

s.,  1904,  xviii.,  839;  1907,  xxiv.,  1139.      Arch.   int.   de  pharmacod., 

39,  two  deaths  from  NaNO,,.  1903-4,  xii.,  185. 

(^  Med.  News,  1893,  Ixii.,  54'4.  «  Sartissow:  Diss.   Dorpat.,   1866. 

*'Med.  Rec,  1896,  i.,  816.  Petrone:   Berl.  kl.  Wchnschr.,  1893, 

,.  ^  See  p.  687.  xxx.,  918.     Stepanow:  Arch.  f.  exp. 

''  =Gamgee:  Phil.   Trans.,   London,  P.  u.  P.,  1902,  xlvii.,  411.    Ville  and 

!69,olviii.,  589.  Brunton:Arh.  a.  d.  Mestrezat:  Bull.  Soc.  Chim.,   1908, 

aysiol.  Anst.  zu  Leipzig,  1870,  iv.  4  s.,  iii.,  711. 

■ernheim:  Pflug.  Arch.,  1874,  viii.,  «  Lancet:  1906,  ii.,  72. 
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by  weight  HNO3,  specific  gravity  1.42,  to  four  parts  HCi,  spe- 
cific  gravity  1.16),  is  used  as  a  solvent  for  gold  and  platinum 
under  the  names  aqua  regia  and  nitromuriatic  acid,  and  in  a 
diluted  form  as  a  medicine,  acidum  nitrohydrochloricum  diu- 
tum,  U.  S.  P.  In  the  concentrated  form  it  is  a  colorless  liquid 
when  first  prepared,  but  soon  becomes  orange-yellow,  whicli 
when  warmed  is  decomposed,  with  liberation  of  chlorin  and 
formation  of  water  and  compounds  of  chlorin,  nitrogen  and 
oxygen,  NOCl  and  NOjCl.  Its  solvent  action  upon  gold  and 
platinum  is  due  to  the  nascent  chlorin  which  unites  with  the 
metals  to  form  auric  or  platinic  chlorid. 

We  find  but  three  references  to  intoxication  by  aqua  regia  in 
the  human  subject:  two  fatal  cases  of  suicide  in  jewelers,  wto 
used  the  acid  in  their  trade.  One  reported  by  Gontier,'  the 
other  by  Liouville."  The  third  case  was  a  non-fatal  one  of  a  man 
who  took  four  or  five  swallows  of  the  dilute  acid,  and  in  whose 
urine  nitric  acid  was  detected  on  analysis.^ 

A  mixture  of  sulfuric  and  nitric  acids  is  extensively  used  in 
the  preparation  of  dynamite,  gun-cotton,  and  other  nitro-deriv- 
atives.  In  1889  a  man  was  convicted  in  England  of  the  murder 
of  a  woman  by  pouring  such  a  mixture  of  acids  down  her  throat 
while  she  was  in  bed.*  Lesser^  has  reported  a  fatal  poisoning  by 
this  mixture;  and  Fagerlund^  the  case  of  a  woman  suicide  who 
swallowed  first  sulfuric,  then  nitric  acid. 

OTHER  MINERAL  ACIDS. 

Hydrofluoric  Acid— HF,  20.01. 

This  intensely  acid  gas  is  usually  produced  by  the  action  of  sulfunc 
acid  upon  calcium  fluorid  (fluorspar),  and  is  used  principally  for  etching 
upon  glass,  which  is  attacked  by  it  whether  in  the  gaseous  form  or  in 
solution.  In  this  industry  the  sand-blast  has  to  a  great  extent,  althoiigl 
not  entirely,  replaced  the  use  of  the  acid.  In  dilute  solution  it  has  also 
been  used  to  a  limited  extent  as  a  germicide. 

Its  action  upon  the  animal  economy  is  most  intense,  yet  but  lew 
deaths  have  been  caused  by  it,  owing  to  its  limited  uses. 

There  is  some  difference  in  opinion  as  to  the  effects  of  i 

■  Bull.    See.  anat.  de  Paris,  1840,  '  Reg.    v.    Lipski:  C.C.C,  M, 

XV.,  156.  1888.     Taylor:   "Med.  Jur./  H" 

2  Bull.  Soc.  anat.,  Paris,  1S72,  2  Am.  ed.,  102.                          „., 

s.,  xvii.,  274.  =Vrtljschr.    f.   ger.   Med.,  ISSI^ 

'Schultzen:  Arch.  f.  An.,  Phys.u.  3  F.,  xvi.,  79.                          ,   ,, 

med.  Wiss.,  1SG4,  500.  » Ibid.,  1894,  3  F.,  1894,SpMt.,» 
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gaseous  hydrofluoric  acid.  Most  writers  upon  professional  hygiene 
assert  that  those  exposed  to  an  atmosphere  contaminated  with  the  gas 
suffer  from  ulcerations  of  the  conjunctiva,  nose,  mouth,  and  gums,  and 
from  severe  laryngitis  and  bronchitis.  According  to  Kobert,'  Bergeron 
makes  the  astounding  statement  that  400  gm.  of  hydrofluoric  acid  may 
be  inhaled  daily.  The  inhalation  of  so  powerfully  acid  a  gas  cannot  but 
be  deleterious.  Indeed,  the  deaths  of  two  chemists  were  due  in  whole 
or  in  part  to  inhalation  of  this  gas:  Nickles,  of  Nancy,  who  died  in  1869, 
and  whose  death  was  considered  as  accelerated  by  exposure  to  the 
fumes  of  phosphorus  and  fluorin  compounds  ;^  and  the  Belgian  chemist, 
Louyet,  whose  death  resulted  from  the  inhalation  of  hydrofluoric  acid 
during  his  endeavors  to  isolate  the  element.' 

"We  know  of  but  three  cases  of  death  from  swallowing  the  acid  in 
solution,  all  suicides.  The  earliest  case  is  that  reported  by  King:^  A 
man  of  forty-six  years  of  intemperate  habits,  swallowed  15  c.c.  (Sss.) 
of  the  solution,  was  immediately  seized  with  severe  pain  and  vomiting, 
and  died  in  thirty-five  minutes  from  cardiac  paralysis,  the  respiration 
continuing  for  some  time  after  disappearance  of  the  radial  pulse  and 
heart  beat.  The  buccal  mucous  membrane  was  white,  the  tongue, 
gums,  epiglottis,  and  cESophagus  denuded  of  epithelium;  the  mucous 
membrane  of  the  stomach  softened,  corroded  in  places,  black  on  the 
prominences  of  the  rugae,  and  intensely  red  and  ecchymosed  in  the  de- 
pressions. The  duodenal  mucous  membrane  was  somewhat  injected. 
In  the  opening  of  the  glottis  was  a  small  quantity  of  dark  brown  mucus, 
'  insufficient,  however,  to  account  for  the  death,  which  was  more  probably 
'  due  to  true  poisoning  following  absorption  of  the  acid. 

In  1885  a  manufacturer  of  glass  signs  died  in  the  Chambers  Street 
Hospital,  New  York,  in  about  two  hours  after  swallowing  about  a  gill 
(118  c.c.)  of  the  acid  used  in  his  trade.  Another  man,  engaged  in  the 
same  trade  in  England,  died  in  about  an  hour  from  swallowing  about  a 
tablespoonful  of  nine  per  cent,  acid,  diluted  with  water.' 

Solutions  of  the  acid  in  contact  with  the  skin  produce  severe  and 
■painful  burns  which  heal  very  slowly." 

The  toxic  effects  of  the  fluorids  have  been  studied  experimentally 
by  Rabuteau,'  Miiller,*  Tappeiner,"  Schulz,'"  Hewelke,"  Siegfried,'^  and 

'"Intoxikationen,"lteAufl.,377.  ''See   Blodgett:    Boston     M.   and 

In  the   second   edition,  p.  201,  the  S.  J.,  1881,  cv.,  401. 
amount  is  omitted.  '  Thfese  de  Paris,  1867 ;  "  Toxicolo- 

'  Jour.  d.  ph.  et  de  chim.,  1869,  gie,"  2Sme  ed.,  709. 
4  s.,  ix.,  446.  «  Diss.,  Greifswald,  1889. 

^Rabuteau:  "Toxicologie,"  26me  "Arch.    f.    exp.    Path.    u.    Ph., 

ed.,  710.  1889,  xxv.,  203;  1890,  xxvii.,  108. 

'  Tr.  Path.   Soc,   London,    1873,  ">  Ibid.,  1889,  xxv.,  326. 

xxiv.,  98.  "  Deut.    med.     Wchnschr.,    1890, 

*  Stevenson:    Brit.    M.   J.,    1899,  xxii.,  477. 
ji.,  1145,  1376.  '2  Arch.  int.  de  pharmacod.,  1901, 

ix.,  225. 
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Schwyzer.'  Notwithstanding  its  toxicity,  sodium  fluorid  has  been 
used  as  a  preservative  of  food  articles. 

For  the  detection  of  fluorin  in  organic  mixtures,  these  may  be 
incinerated  with  the  addition  of  a  httle  soda,  and  the  ash  warmed  with 
concentrated  sulfuric  acid  in  a  platinum  crucible  covered  with  a  watch 
glass  partly  coated  with  wax  or  paraffin.  The  uncoated  parts  of  glass 
are  roughened.  This  method  is  not  available  if  the  materials  contain 
silica,  in  which  case  the  non-etching  silicon  fluorid  is  formed.  Tam- 
mann's  method^  avoids  this  source  of  error:  the  substance,  intimately 
mixed  with  quartz  powder,  is  placed  in  a  flask  provided  with  a  cork 
having  three  holes;  sulfuric  acid  is  added  through  a  funnel  tube,  and 
the  flask  heated ;  a  stream  of  dry  air  is  caused  to  carry  the  sihcon  fluorid 
formed  into  a  narrow  vessel  containing  water,  where  it  is  decomposed 
with  separation  of  gelatinous  silicic  acid. 

The  mere  detection  of  traces  of  fluorin  in  organic  mixtures  is  not 
evidence  that  a  toxic  fluorin  compound  has  been  taken,  as  fluorin  is  a 
normal  constituent  of  many  animal  tissues.  It  is  most  abundant  in 
the  enamel  of  the  teeth,  which  contains  three  to  four  per  cent.,  calcu- 
lated as  calcium  fluorid,  and  in  bones,  whose  ash  contains  about  the 
same  percentage.  It  has  also  been  found  in  less  amount  in  the  blood, 
milk,  brain,  and  in  hen's  eggs. 

Silicon  fluorid — SiF^, 

is  another  gaseous  fluorin  compound,  possessed  of  poisonous  qualities 
which  were  recognized  by  Eulenberg  from  experiments  upon  animals,' 
and  observed  in  the  human  subject  in  two  fatal  cases  by  Cameron.' 
This  gas  is  produced  by  the  action  of  suKuric  acid  upon  calcium  fluorid 
in  the  presence  of  silicic  acid  or  a  silicate,  and  is  decomposed  by  contact 
with  moisture,  with  formation  of  gelatinous  silicic  acid  and  of  hydro- 
fluoric acid.  In  Cameron's  cases  the  victims  were  operatives  in  a 
fertilizer  works  in  which  phosphates  containing  notable  quantities  of 
fluorid  and  silicate  were  treated  with  sulfuric  acid.  They  complained 
of  a  sense  of  suffocation,  and  expectorated  frothy  material.  Death  fol- 
lowed in  a  few  hours,  after  increased  dyspnoea,  and  in  full  consciousness. 
Cameron  considers  that  on  contact  with  the  moist  bronchial  mucom 
membrane  the  gas  is  decomposed,  the  gelatinous  silicic  acid  forming  a 
varnish-like  coating  upon  the  bronchi  to  their  most  minute  ramifications, 
and  the  irritating  hydrofluoric  acid  causing  reflex  spasmodic  contrac- 
tion. From  the  lungs  of  one  man  0.75  gm.  (11.6  grains)  of  silicic  acid 
were  obtained. 

'  New  York  M.  J.,  1901,  Ixxiv.,  1;  '  "Schadlichen  und  giftigen  Gas- 

J.  Med.  Res.,  1903,  x.,  301.  en,"  Braunschweig,  1865,  p.  465. 

^  Ztschr.  f.  physiol.  Chem.,  1888,  *  Dublin  Jour.  M.  Sc,  1SS7,  3  s., 

xii.,  322,  and  Ztschr.  f.  anal.  Chem.,  Ixxxiii.,  20. 
1885,  xxiv.,  32S. 
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Boric  Acid — Boracic  Acid — H3BO3 — 63.03. 

Is  a  crystalline  solid,  unctuous  to  the  touch,  slightly  bitter,  odor- 
ess,  soluble  in  twenty-five  parts  of  water  at  10°  (50°  F.),  which  is  used 
as  an  antiseptic.  In  recent  medical  literature  several  cases  have  been 
recorded  in  which  more  or  less  severe  symptoms  followed  its  use  either 
in  the  form  of  powder  dusted  on  abraded  surfaces  or  in  aqueous  solution 
for  washing  out  cavities  in  surgical  practice.' 

The  question  of  the  permissibility  of  the  use  of  boric  acid  and  borax 
for  the  preservation  of  articles  of  food  has  been  much  discussed  and 
has  been  the  subject  of  much  experimentation  since  it  was  first  agitated 
in  connection  with  the  alleged  supply  of  "embalmed  beef"  to  the 
American  army  and  navy  during  the  Spanish  war.  The  subject  is 
rather  hygienic  than  toxicological.  The  weight  of  evidence  appears 
to  be  adverse  to  the  use  of  these  substances  for  this  purpose.^ 

The  symptoms  consist  of  loss  of  appetite,  nausea  and  persistent 
vomiting,  hiccough,  marked  cardiac  weakness,  emaciation,  diarrhoea, 
great  depression,  coryza,  conjunctivitis,  bronchitis  and  pharyngitis, 
and  a  papular  eruption  on  the  skin  near  the  seat  of  application  and  on 
the  neck,  arms,  and  chest.  The  urine  is  suppressed  or  diminished  in 
amount.  In  Bruzelius'  case,*  in  which  enemata  of  1,400  to  1,500  c.c.  of 
tepid  saturated  aqueous  solution  of  boric  acid  were  given  twice  a  day 
for  five  days,  and  once  a  day  for  three  days  thereafter  for  chronic 
diarrhoea,  the  urine  was  tested  from  the  start  and  found  to  contain 
boric  acid,  which  disappeared  with  the  cessation  of  the  treatment. 

Seven  fatal  cases  have  been  reported:  two  by  Molodenkow,*  one 
that  of  a  man  of  twenty-five  years  who  died  in  four  days  after  his 
pleural  cavity  had  been  washed  out  with  a  large  quantity  of  the  solution, 
the  other  that  of  a  boy  of  sixteen  years  who  died  in  three  days  after  a 
lumbar  abscess  had  been  opened  and  washed  out.  In  Brose's  case,' 
in  which  the  powdered  acid  had  been  applied  to  an  open  wound,  there 
was  found  a  large  clot  in  the  right  ventricle,  partly  ante-mortem. 
The  stomach  was  congested  and  there  were  several  spots  of  erosion  of 
the  mucous  membrane.  The  intestines  were  greatly  congested  and  in- 
flamed. The  liver  was  enlarged,  and  the  right  lobe  congested  and 
softened.     The  spleen  was  enlarged  and  much  inflamed.      Schwyzer" 

'Spencer:  Northwestern   Lancet,  and  Wharton  and  Stills :  Med.  Jur., 

1888,    viii.,    22.       Brose:  M.   News,  5th  ed.,  ii.,  797;  and  for  bibliography 

Phila.,     1883,     xliii.,     199.     Huse:  Ind.  Cat.  Libr.  of  Surg.  Gen.  U.  S. 

Ibid.,  1882,  xl.,  704.     Welch:  Med.  Army;    and    Kobert:    "Intoxica- 

Rec,    New   York,    1888,    xxxiv.,  tionen,"  2te  Aufl.,  ii.,  64,  1242. 
531   (3   cases).     Bruzelius:  Hygiea,  '  Hygieia:  1882,  xliv.,  548. 

1882,    xliv.,    548.       Lemoine:  Gaz.  ■"  Med.  News,  Phila.,  1882,  xl.,  571. 

m^d.    d.    Par.,     1890,     xviii.,     205  ^Ibid.,  1883,  xliii.,  199. 

(3  cases).  "  New   Yorker  med.    Monatschr., 

"  See  circular  15,  U.  S.  -Dept.  of  1895,  viii.,  264. 
Agriculture,    Bureau  of  Chemistry, 
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reported  the  death  of  a  man  of  sixty  years,  caused  by  1.5  gm.  of  boric 
acid. 

Branthomme'  relates  two  cases,  one  fatal,  resulting  from  the  use 
of  boric  acid  in  dressing  surgical  wounds. 

Best^  reported  the  case  of  a  man  of  thirty-six  years,  who  died  from  the 
effects  of  the  treatment  of  the  wound  after  a  surgical  operation  by 
powdered  boric  acid. 

Dopfer^  reported  a  death  caused  by  the  treatment  of  a  burn  by 
boric  acid  ointment. 

Methods  for  the  detection  of  boric  acid  or  of  borates  in  organic  mix- 
tures are  not  very  satisfactory,  owing  to  their  volatility  with  vapor  of 
water  or  when  heated,  and  the  sparing  solubility  of  even  the  least 
soluble  borates.  Probably  the  best  method  consists  in  drying  the  ma- 
terial, fusing  the  residue  with  sodium  carbonate  and  nitrate,  and  testing 
the  residue  for  borates:  1.  By  adding  alcohol  and  sulfuric  acid,  and 
igniting  the  alcohol ;  the  flame  is  colored  green,  and  shows  four  lines  in 
the  spectrum,  in  the  yellow,  green,  and  blue  {X,  581,  548,  544,  519: 
Boisbaudran).  2.  A  solution  in  dilute  hydrochloric  acid,  when  dried 
upon  turmeric  paper,  stains  it  red-brown,  and  the  color  is  changed  to 
black-blue  by  caustic  potash.  The  following  reagents  cause  precipitates 
in  solutions  of  borates:  3.  Calcium  chlorid,  white,  soluble  in  am- 
monium chlorid.  4.  Ferric  chlorid,  yellow.  5.  Silver  nitrate,  white. 
6.  Solutions  of  barium  chlorid,  magnesium  chlorid,  and  lead  nitrate 
also  form  white  precipitates  in  solutions  which  are  not  too  dilute.' 

Chromic  Anhydrid — Chromic  Acid — CrOj — 100.1. 

Crystallizes  in  brilliant  crimson  prisms,  very  soluble  in  water  and 
in  alcohol,  forming  yellow  or  orange  solutions.  It  is  produced  by  the 
action  of  sulfuric  acid  upon  potassium  diehromate  solution,  and  conse- 
quently exists  in  "battery  fluids"  such  as  "electropoion."  It  is  a 
powerful  escharotic,  for  which  purpose  it  is  used  medicinally. 

Intwo^  of  the  twenty-eight  reported  cases  the  patient  swallowed  some 
of  the  solution  which  was  being  applied  to  the  tonsils  with  a  brush. 
A  child  of  five  months  died  in  nine  days  from  an  application  of  chromic 
acid.*     Ten  cases'  of  which  five  were  fatal,  were  in  females  to 


'  France  M6d.,  1896,  xliii.,  99.  '  White:  Univ.  M.  Mag., 

=  Tr.  Chicago  Path.  Soc,   1903-4,  ii.,  54  (D.).    Mosetig,  Falck:  "Toxi- 

vi.,  161.  kologie,"  p.  144  (D.).  Bruck:  W 

^  Munch,   med.   Wchnschr.,   1905,  Jacob:    Aerztl.  Int.  Bl.,  1878.,  BV, 

Hi.,  763.  95  (2  cases).     N.  Schmidt's  Jahrb., 

*See    also    Villiers    and    Fayolle:  1884,  cci.,  129  (D.).  Sticker:  Miinch 

Ann.  d'hyg.,  etc.,  1895,  3  s.,  xxxiv.,  med.    Wchnschr.,    1895,   xlii.,  Mi 

272.  Mucha:  Vrtljschr.     f.     ger.    Med., 

=  Fowler:  Brit.  M.  Jour.,  1889,  i.,  1906,  3  F.,  xxxi.,  Suplh.,  35.   Roffi- 

1113.     Tisn6:  J.  d.  m^d.  de  Paris,  seau:  These,    Paris,    1878,   p.  » 

1887,  xiii.,  61.  JIund6:  Am.    J.    Obst.,   1881,  »v., 

"Ztschr.    f.    Med.-Beamte,    1906,  121.     Betz:  Memor.    Heilbronn, 

xix.,  2te  Beil.,  227.  1895,  xxxix.,  157. 


OTHER    MINERAL    ACIDS.  313 

the  anhydrid  or  its  solution  was  medicinally  applied.  In  one  instance 
a  man  made  an  unsuccessful  attempt  at  suicide  by  taking  1  gm.  (15 
grains)  of  the  acid  in  aqueous  solution/  another  man  killed  himself  by 
swallowing  750  c.c.  of  a  50  per  cent,  solution/  still  another  man  was 
accidentally  poisoned  by  swallowing  a  tablespoonful  of  a  .50  per  cent. 
solution/  and  in  the  remaining  cases  a  battery  fluid  was  swallowed  with 
suicidal  intent  in  two  instances/  and  with  fatal  results  in  five.' 

In  Fowler's  case  there  were  severe  epigastric  pain,  agonizing  vomit- 
ing of  green  ropy  matter,  collapse,  scarcely  preceptible  pulse,  fear  of 
impending  death,  contracted  pupils,  deafness,  purging,  and  copious 
urination,  with  recovery  in  three  hours.  In  Tisne's  case  there  were 
severe  gastritis  and  vomiting,  great  pain  in  the  back  of  the  neck,  and 
vertigo.  After  four  hours  the  symptoms  abated,  but  there  remained 
constipation  and  suppression  of  urine.  The  urine  of  the  next  day 
gave  no  reaction  with  silver  nitrate.  In  von  Limbeck's  case  the  symp- 
toms caused  by  chromic  acid  were  complicated  with  those  due  to 
sulfuric  acid.     In  White's  case  the  intellect  remained  clear  until  death. 

In  V.  Baeyer's  case  the  autopsy  showed  the  existence  of  stomato- 
pharyngitis,  oesophagitis,  gastroenteritis,  with  haemorrhagic  erosions  of 
the  duodenum  and  extravasations  in  the  stomach  and  duodenum ;  acute 
parenchymatous  nephritis,  and  subpericardial  ecchymoses  in  the  heart. 

In  White's  case  chromium,  probably  in  the  form  of  sodium  chro- 
mate,  was  found  by  analysis  in  the  kidneys  a.nd  liver,  but  none  in  the 
rectus  muscle.  In  von  Limbeck's  case  chromium  was  found  to  be 
present  in  the  urine,  vomit,  and  faeces. 

For  the  detection  of  chromium  in  the  urine,  faces,  and  vomit  these 
are  dried,  ignited  with  potassium  nitrate,  and  the  residue  is  dissolved  in 
water.  In  this  solution:  1.  Silver  nitrate  forms  a  dark  brownish-red 
precipitate,  readily  soluble  in  nitric  acid  or  in  ammonium  hydroxid. 
2.  When  heated  with  dilute  hydrochloric  acid  and  alcohol  or  with  the 
same  dilute  acid  and  stannous  chlorid  or  metallic  zinc,  the  yellow  or 
orange  color  changes  to  green.  3.  Lead  acetate  forms  a  yellow  pre- 
cipitate, insoluble  in  ammonium  hydroxid,  soluble  in  caustic  potash  or 
soda,  and  insoluble  in  acetic  acid." 
See  also  "Chromates"  p.  70L 

'Wardner:    M.    and    S.    Reptr.,  nasconi:  Th&se,  Lyon,  1883  (2  D.). 

Phila.,  1869,  XX.,  362.  Whitney:    "Sei-i-Kwai,"    Tokyo, 

^Rossle:  Deut.  Arch.  f.  kl.  Med.,  1887,  vi.,  227.     Baeyer:  Diss.  Miin- 

1902-3,  Ixxv.,  569.  chen,  1901,  and  Munch,  med.  Wchn- 

'Burghart:  Charite  Ann.,  1896-7,  schr.,     1901,     xlviii.,     1245;     Kron- 

xxiii.,  196.  heimer:     Ibid.,     1902,     xlix.,     903. 

*v.  Limbeck:    Prag.    med.   Wch.  Kossa:  Pfliig.  Arch.,  1901,  Ixxxvm., 

nchr.,      11187,     xv./    25.      Lohr:  627.   Mucha.:  Loc.  cit. 

Berl.    kl.     Wohnschr.,     1904,     xli.,  « See     also     ante,     p.     196;     and 

749.  Fresenius:  "  Qual.  Anal.,"  16te  Aufi., 


'v. 


Limbeck:       Loc.     cit.     Ber-       1895,  263,  484,  507,  508. 
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FIXED  MINERAL  ALKALIES. 

The  most  important  of  these  are  the  hydroxids  and  dimetallic 
carbonates  of  the  alkaline  metals. 

Potassium  hydroxid — caustic  potash,  potassa,  potash — KHO— 
and  sodium  hydroxid — caustic  soda,  soda — NaHO — these  are 
hard,  white,  amorphous  solids,  usually  met  with  in  irregular 
masses  or  in  cyhndrical  sticks,  very  soluble  in  water,  and  forming 
intensely  alkaline  and  corrosive  solutions.  They  are  used  in 
medicine  in  the  solid  form  as  escharotics,  either  alone  or  com- 
bined with  quicklime,  or  in  solution  in  the  proportion  of 
five  per  cent.,  as  liquor  potassii  hydroxidi  and  liquor  sodii 
hydroxidi  U.  S.  P.  In  the  arts  and  in  the  household  they 
are  used  in  soap-making  and  in  cleansing  and  bleaching. 
Soap  lye,  caustic  lye,  soap  lees,  laugenstein,  laugenessenz,  consist 
of  sodium  or  potassium  hydroxid  with  varying  quantities 
of  the  carbonate,  formed  by  absorption  of  atmospheric  carbon 
dioxid. 

Dipotassic  carbonate — carbonate  of  potash,  pearlash,  salt  of 
tartar,  potassii  carbonas,  U.  S.  P. — E2GO3  or  KjCOj+SAq,  and 
disodic  carbonate — carbonate  of  soda,  washing  soda,  sal  soda, 
soda  crystals — NajCOj  or  Na2CO3+10Aq— are  amorphous  pow- 
ders or  crystalline  solids,  soluble  in  water,  forming  solutions 
which  are  strongly  alkaline,  although  less  so  than  those  of  the 
hydroxids. 

Sodium  peroxid — NajOj — is  a  yellowish  powder,  recently 
introduced  in  chemical  technology,  and  possessed  of  even  more 
energetic  powers  than  the  hydroxid.  Its  violent  reaction  with 
water  will  probably  prevent  its  becoming  of  practical  toxicolog- 
ic al  interest. 

The  monometallic  alkaline  carbonates — monosodic  car- 
bonate— bicarbonate  of  soda,  cooking  soda,  salaratus,  sodii  bicar- 
bonas,  U.  S.  P.^NaHCOg — and  monopotassic  carbonate- 
bicarbonate  of  potash,  sal  aeratus,  potassii  bicarbonas,  U.  S.  P- 
EHCO3 — exert  but  little  corrosive  action,  owing  to  their  slight 
alkalinity. 

Calcium  monoxid — quicklime,  calx,  U.  S.  P.— OaO— would, 
were  it  swallowed  dry,  produce  violent  symptoms,  not  only 
from  its  water-absorbing  and  caustic  action,  but  also  by  the  heat 
which   it   develops   on   contact   with   moisture.     If  brought  in 
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contact  with  water  it  becomes  "slaked,"  and  converted  into 
the  comparatively  harmless  calcium  hydroxid,  CaH^O.,.  The 
corresponding  barium  compounds  are  of  more  interest  as  true 
poisons  than  as  corrosives. 

Piazza'  has  reported  the  only  instance  of  which  we  find 
record  of  the  toxic  action  of  quicklime:  that  of  a  boy  of  five 
years  who  swallowed  some  of  the  solid  and  died  in  7  or  8  hours 
from  the  effects. 

Statistics — Causation. 

Corrosions  by  the  fixed  alkalies  occur  less  frequently  than 
those  by  mineral  acids,  except  in  certain  European  countries 
where  at  certain  periods  many  accidental  and  suicidal  cases 
have  resulted  from  the  insufficiently  regulated  use  of  liquid 
wash-lyes  in  households,  where  they  are  accessible  to  all,  and 
frequently  kept  in  beer  bottles.  Thus  Johannesson-  states  that 
140  cases  of  accidental  poisoning  by  wash-lye  occurred  in 
Christiania,  Sweden,  during  the  five  years  1893-1898;  v. 
Hacker^  collected  333  cases  in  three  hospitals  in  Vienna  during 
the  ten  years  1876-1885;  v.  Torday*  in  Buda-Pest  met  with  208 
cases  during  the  twenty  years  1880-1899;  and  Kramoztyk*"  had  32 
cases  of  lye  corrosion  in  50  cases  of  poisoning  in  the^  Jewish 
Children's  Hospital  at  Warsaw,  in  the  years  1898-1899.  We 
have  found  further  record  of  167  cases,  of  which  twenty-two  were 
by  impure  sodium  hydroxid,  three  by  disodic  carbonate,  forty- 
four  by  potassium  hydroxid,  eight  by  dipotassic  carbonate,  two 
by  a  mixture  of  potassium  hydroxid  and  carbonate,  and  eighty- 
seven  by  "lye"  etc.  Seventy-one  of  the  cases  were  in  adults; 
twice  both  adults  and  children  were  affected,  and  in  the  remainder 
the  victims  were  young  children.  In  most  of  the  accidental 
cases  the  alkali  was  taken  by  children  or  adults  in  mistake  for 
beer,  medicine,  etc. ;  in  one  case  by  aspiration  through  a  pipette, 
in  another  it  was  given  by  a  nurse  to  a  hospital  patient  in  mistake 
for  magnesia.*  A  man  died  in  fifteen  minutes  after  the  sub- 
cutaneous infusion  of  220  c.c.  of  caustic  potash  solution,  used  in 

■  Gazz.  d.  osp.,  1907,  xxviii.,  498.        Teleky:  Ztschr.  f.  Heilk.,.1904,  xxv., 

Uhrb.    f.    Kinderhlk.,    1900,    li.,      Chir.  Abt.,  1. 
153.  "Jhrb.  f.   Kinderhlk.,   1901,  Hii., 

'"U.  d.  n.  Veratz.  entst.  Speise-      272. 
rohrvereng.,"  Wien,  1889.     See  also  =  Ibid.,  1902,  Iv.,  580. 

»  Brit.  M.  J.,  1904,  ii.,  1547. 


316  TOXICOLOGY WITTHAUS. 

mistake  for  salt.'  A  man  died  from  inhalation  of  the  dust  of  a 
highly  alkaline  fertilizer."  In  two  instances  death  resulted 
from  external  application;  once  by  immersion  in  a  vat  containing 
sodium  hydroxid  solution;'  in  the  other  case*  from  application  of 
disodic  carbonate  to  an  infected  wound.  Opacity  of  the  cornea 
was  caused  by  application  of  solid  potassium  hydroxid  to  it.' 
A  man  of  fifty-three  died  of  chronic  poisoning  by  monosodic  car- 
bonate, having  taken  daily  doses  of  two  ounces  for  sixteen 
years."  Two  lunatics  died  after  eating  soap,  which  did  not 
contain  an  excess  of  alkali.'  Twenty  six  cases  were  suicidal,  of 
which  twenty  were  successful,  and  two  were  combined  with 
homicide.*  One  each  by  disodic  and  dipotassic  carbonate, 
three  by  sodic  hydroxid,  nine  by  potassium  hydroxid,  and 
twelve  by  "  lye."  One  was  awoman,  five  months  pregnant,  whose 
intent  may  have  been  to  cause  abortion.'  We  find  no  other 
case  with  this  intent.  In  only  seven  cases  was  there  allegation  of 
homicide.  Of  these  two  were  Austrian  cases  in  which  women 
destroyed  their  children  and  themselves.'"  Two  occurred  in 
Germany:  In  one,  reported  by  Casper,"  a  woman  attempted 
to  murder  her  three-year-old  illegitimate  child.  In  the 
other,  reported  by  Liman,'"  the  victim  was  also  a  child  (five 
months  old),  which  died  in  eighteen  days.  Two  other  cases  are 
referred  to  by  Taylor,'^  and  appear  to  have  been  the  result  of 
negligence  rather  than  of  intentional  poisoning.  The  poisoning  of 
a  ten-months  infant  left  in  charge  of  a  servant  for  a  few  minutes 
appears  to  have  been  homicidal." 

Symptoms — Duration — Diagnosis — Prognosis. 

When  the  alkali  comes  in  contact  with  the  lips  or  mouth  the 
patient  experiences  an  intense  soapy  taste  and  sensation,  imme- 

I  Hof acker:    Ztschr.   f.    Med.-Be-  "Schall:     Beitr.    i.    path.  Anat. 

amte,  1894,  vii.,  379.  (Ziegler),  1908,  xliv.,  482. 

^  Borntrager:     Aerztl.     Schverst.  "  Hofmann:  "Lehrb.d.ger.Med., 

Ztg.,  1904,  X.,  50.  6te  Aufl.,  Wien,  1891,  655. 

=  Sands:  New  York  M.  J.,  1884,  ""Handb.    d.    ger.   Med.,"  3te 

xxxix.,  534.  Aufl.,  ii.,  475. 

*  Hancock:  Lancet,  1854,  ii.,  435.  "  lUA.,  8te  Aufl.,  ii.,  530. 

=  Dobrowolsky:    Ifl.     Mtschr.    f.  "  "Med.  Jur.,"  11th  Am.ed.,m 

Augenhlk.,  1881,  xix.,  161.  and     (Reg.     v.     Boothman,    1860 

"Tunstall:      Med.    Times,     1850,  "Princ.  and  Pract.  Med.  Jur.,'  « 

n.  s.,  i    564.  ed.,  i.,  234.                              ,    , 

'Liebetrau:Med.Klin.,  1906, 1228.  "  Filiatraut:     Union     mM    a'' 

«v.     Hofmann:    "Lchrb.    d.   ger.  Canada,  1882,  xi.,  511. 
Med.,"  9te  Aufl.,  681. 
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diately  followed  or  accompanied  by  violent  burning  pain. 
Even  if  the  lye  be  immediately  expelled,  as  is  frequently  the 
case,  even  with  suicides,  the  short  contact  has  been  sufficient 
to  cause  corrosion  of  the  parts  touched,  which  are  colored  at 
first  white,  afterward  becoming  red  or  dark  brown,  are  more  or 
less  eroded,  and  subsequently  become  greatly  swollen.  The 
symptoms  referable  to  the  local  action  upon  the  parts  touched 
by  the  alkali  follow,  as  in  corrosion  by  the  mineral  acids,  with 
the  following  differences:  The  vomited  matters  are  alkaline  in 
place  of  being  strongly  acid,  are  at  first  thick  and  slimy,  and 
only  become  tinged  with  blood  or  dark  in  color  later.  The 
vomited  matters  contain  shreds  of  necrosed  tissue  from  the 
oesophagus  and  stomach.  In  one  case,  a  week  after  an  attempt 
at  suicide,  a  portion  of  a  cast  of  the  oesophagus  was  found  pro- 
truding from  the  mouth.  Having  been  carefully  withdrawn, 
it  was  found  to  consist  of  the  mucous,  submucous,  and  part  of 
the  muscular  coats  of  the  entire  oesophagus,  including  the  low- 
est part  of  the  pharynx  and  a  part  of  the  necrosed  epiglottis.^ 
Whether  the  alkali  taken  was  a  hydroxid  or  a  carbonate,  the 
vomit,  if  alkaline,  effervesces  on  addition  of  an  acid.  This  is 
partly  due  to  the  carbonate  which  almost  invariably  exists  in 
the  hydroxid,  and  partly  to  that  formed  by  the  carbon  dioxid  of 
the  expired  air.  The  urine  rapidly  becomes  strongly  alkaline, 
and  may  continue  to  be  alkaline  or  subacid  for  several  days. 
It  is  cloudy,  and  deposits  amorphous  phosphates  and  crystals 
of  ammonio-magnesian  phosphate.  In  some  cases  the  urine  is 
retained,  causing  painful  distention  of  the  bladder. 

The  symptoms  of  perforation,  shock,  and  peritonitis,  so  com- 
monly observed  as  effects  of  the  primary  action  of  the  mineral  acids, 
have  not,  so  far  as  we  know,  been  caused  by  the  mineral  alkalies. 
Indeed,  death  is  rarely  a  primary  result  of  the  action  of  fixed 
alkalies.  Of  seventy-one  fatal  cases  in  which  the  duration  is 
stated,  death  occurred  in  less  than  twenty-four  hours  in  seven- 
teen; in  from  one  to  seven  days  in  nine;  in  from  one  to  four  weeks 
in  thirteen;  in  from  one  to  four  months  in  twelve;  in  from  four 

'  Hadden:  Tr.  Path.  Soc,  London,  Buffalo  M.  and  S.  J.,  1897-8,  xxxvii., 

1889-90,     xli.,     86.     Similar     cases  103   (nature  of  corrosive  unknown) ; 

have  been  reported  by  Troquart:  J.  Bornikoel:     Berl.     kl.     Wchnschr., 

de  mM.  de   Bordeaux,  1895,  xxv.,  1901,  xxxviii.,  177;  Mangour:   Gaz. 

157;  Bussenius:  Charity  Ann.,  1897,  hebd.    d.    sc.  m^d.    de     Bordeaux, 

xxii.,   242;    Benjamin:   iUd.,    1899,  1905,  xxvi.,  236.     See  also  p.  246. 
xxiv.,    248     (same    case);     Brown: 
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months  to  one  year  in  fourteen;  and  in  periods  longer  than  a 
year  in  six.  The  shortest  alleged  duration  is  in  a  mere  men- 
tion by  Taylor'  of  the  case  of  a  boy  who  is  said  to  have  died  in 
three  hours.  Excluding  this  case  as  insufficiently  reported,  and 
another  case  reported  by  Little/  in  which  a  four-year-old  child 
died  in  seven  hours  from  the  combined  effects  of  caustic  potash 
and  white  arsenic  (practically  Fowler's  solution  with  excess  of 
arsenic),  the  most  rapidly  fatal  case  on  record  is  Dewar's  case, 
quoted  by  Christison,^  of  a  boy  who  died  in  twelve  hours  after 
taking  three  ounces  of  a  strong  solution  of  potassium  carbonate. 
"Here,"  it  is  said,  "death  was  owing  to  the  general  system  or 
some  vital  organ  being  affected  through  sympathy  by  the  injury 
sustained  by  the  alimentary  canal."  In  a  suicidal  case  reported 
by  Liman*  a  woman  died  in  thirteen  hours;  but,  although  the  al- 
kali swallowed  was  the  cause  of  death,  the  fatal  termination  was 
probably  accelerated  by  severe  injuries  to  the  head,  not,  however, 
involving  fracture  of  the  skull,  which  she  had  inflicted  upon  her- 
self. The  most  rapidly  fatal  uncomplicated  case  reported  in 
the  more  modern  literature  is  that  of  a  boy  of  four  years  who 
died  in  collapse  in  fifteen  hours.  The  stomach,  although  seriously 
attacked,  was  not  perforated.'  A  somewhat  similar  case,  in 
which  a  girl  of  nineteen  years  died  suddenly  in  collapse  in 
eighteen  hours,  is  reported  by  Kiemann,  but  in  this  instance 
the  autopsy  showed  that  the  alkali  had  entered  the  lungs  by 
inspiration.*  In  two  rapidly  fatal  cases  death  was  due  to  suffo- 
cation caused  by  the  action  of  the  alkali  upon  the  upper  air  passages. 
In  one  of  these  a  child  of  two  years  died  in  twenty-two  hours;' 
in  the  other  a  child  of  three  years  died  in  twenty-four  hours.' 
Another  child  of  three  years  died  in  twenty-four  hours  without 
coma  or  convulsions  and  with  only  slight  difficulty  in  breathing, 
with  some  moist  rattles  in  the  throat,  the  sensorium  remaining  clear 

'  Excluding  Hof  acker's  case  of  sub-  *  Casper-Liman:  "  Handb.  d.  ger. 

cutaneous  injection  in  which  death  Med.,"  8te  Aufl.,  ii.,  532.             ^^ 

occurred   in    15  minutes   (Ztschr.  f.  'Lesser:    "Atlas   d.   ger.  Med., 

Med.-Beamte,     1894,  vii.,    379).  i.,    9.     See  also  "Post-mortem  Ap- 

Taylor  does  not  give  this  as  his  own  pearances." 

observation,  and  quotes  it  without  ^  Ber.  .   .   .  Rudolph-Stift.,  Wien, 

reference.     We  find  no  mention  of  1881,  305. 

it  in  Christison  or  elsewhere  anterior  '  Nager:    Arch.   d.   Heilk.,  1872, 

to  Taylor.  xiii.,  221. 

^Colorado  M.  J.,  1898,  iv.,  326.  «  Cox:   Lancet,    n.  s.,  xvi.,  66U. 

='Edinb.   M.- and  S.  Jour.,   1828,  So  cited    by   Beck:    "Med.   Jur., 

XXX.,    309.     Christison:  "Poisons,"  12th  ed.,  ii.,  519. 
Am.  ed.,  l.S,'), 
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to  the  end.^  Still  another  child  of  two  and  a  half  years  died  in 
about  twenty-four  hours,  apparently  iii  collapse,  and  the  ap- 
pearances observed  at  the  autopsy  were  very  similar  to  those 
described  by  Lesser.'  Liman'  mentions  two  cases  of  deaths  of 
young  children  in  twenty  and  twenty-four  hours,  respectively. 

Although  we  find  no  record  of  perforation  as  a  primary  effect 
of  the  caustic  alkalies,  late  deaths  from  perforation  and  peri- 
tonitis have  been  reported.  The  perforation  is  either  spon- 
taneous— as  in  the  case  of  a  man  of  forty-nine  years  who  died 
over  two  months  after  an  attempt  at  suicide  with  caustic  lye* 
— or  it  may  be  produced  by  attempts  to  dilate  an  oesophageal 
stricture  by  means  of  bougies,  as  in  the  case  of  a  child  of  two 
years  which  died  in  thirty-six  days;''  and-  in  the  case  of  a  girl 
of  twenty  years  whose  death — eight  months  after  she  had  taken 
two  spoonfuls  of  caustic  potash  solution — was  caused  by  pulmon- 
ary disorder  which  had  resulted  from  the  passage  of  a  bougie 
through  the  oesophageal  walls. ^ 

In  the  majoi'ity  of  fatal  cases,  death  is  the  result  of  inanition, 
caused  by  cardiac  or  oesophageal,  less  frequently  pyloric,  steno- 
sis, or  after  unsuccessful  attempts  at  surgical  relief  of  such  con- 
ditions. Usually  the  stenosis  develops  gradually  until,  in  from 
three  weeks  to  a  few  months,  interference  with  deglutition  be- 
comes sufficiently  serious  to  call  for  operative  interference.' 
But  the  final  result  from  this  cause  may  be  delayed  for  a  long 
period.  Barham*  has  reported  the  case  of  a  woman  of  twenty- 
two  years  who  died  from  inanition  two  years  and  three  months 
•  after  swallowing  a  quantity  of  soap  lees  by  mistake.  Wein- 
lechner'  describes  the  case  of  a  boy  of  seventeen  years  who  died 
in  thirty  hours  after  an  operation  for  gastrostomy,  performed 
to  relieve  CEsophageal  stricture,  which  was  caused  by  "  laugen- 
essenz"  with  which  he  had  attempted  suicide  two  and  a  half  years 
previously.  .  Sir  Charles  Bell'"  describes  the  stenosed  oesophagus 
of  a  woman  who  died  literally  from  starvation,  having  taken 

'  Brannock:  Nashville  J.  M.  and  genvergiftung,"  Diss.,  Munchen, 

S.,  1857,  xii.,  361.  1888. 

^Voss:    "Ueber   Laugenvergif-  "Weinlechner:  Ber.  .  .  .  Rudolph- 

tuDg,"  Diss.,  Berlin,  1892,  p.  26.  Stift.,  Wien,  1879,  398. 

'Casper-Liman:  "Handb.  d.  ger.  'Arch.    f.    kl.  Chir.,    1893,    xlv., 

Med.,"  8te  Aufl.,  ii.,  529,  632.  605. 

*  Ber.  .    .    .  Rudolph-Stift.,  Wien,  »  Lancet,  1850,  i.,  275. 

(1875),  1876,  373.  »  Loc.  cit.,  p.  396. 

=  Schuberg:   "Bin  Fall   von   Lau-  ""Surgical  Observations,"  1816, 

Ft.  i.,  p.  82. 
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soap  lees  twenty  yeai's  previously;  and  Teleky'  refers  to  the  case 
of  a  woman  in  whom  an  oesophageal  stricture  returned  eighteen 
years  after  the  primary  injury. 

That  oesophageal  stricture  may  result  from  the  action  of  a 
very  small  quantity  of  alkali  is  evidenced  by  a  case  reported  by 
Brug.^  A  man  drank  from  a  bottle  of  caustic  potash  by  mis- 
take, but  discovered  his  error  in  time  to  prevent  much  of  the 
liquid  passing  into  the  oesophagus,  and  rinsed  out  his  mouth 
with  water.  He  did  not  consult  a  physician  at  the  time,  but 
two  months  later  noticed  a  difficulty  in  swallowing.  Examina- 
tion showed  a  stricture  near  the  cardia,  which  was  dilated,  and 
the  patient  taught  to  pass  the  sound  himself.  He  was  read- 
mitted later,  the  stricture  having  narrowed  until  permeable  only 
to  the  smallest  catheter  with  great  difficulty,  while  above  the  sten- 
osis was  a  sac-like  dilation  of  the  oesophagus.  The  third  day 
after  readmission  the  stenosis  became  impassable.  He  died 
twenty-four  hours  after  an  operation  for  gastrostomy. 

Sometimes  there  is  a  single  constriction,  more  usually  two  or 
three,  at  or  near  the  upper  and  lower  extremities  of  the  cesophagus 
and  at  the  point  where  it  crosses  the  bifurcation  of  the  trachea.' 
Although  the  oesophagus  is  usually  the  seat  of  strictures  pro- 
duced by  alkalies,  Hadenfeldt*  has  reported  a  case  in  which 
total  stenosis  of  the  pylorus  also  occurred,  and  was  relieved  by 
gastroenterostomy. 

The  physiological  action  of  the  potassium  compounds  differs 
notably  from  that  of  the  sodium  compounds,  in  that,  while  the 
neutral  salts  of  latter  metal  are  practically  inert  unless  taken  in 
enormous  quantity,  those  of  the  former  exert  a  distinctly  toxic 
action  upon  the  heart,  causing  at  first  increase  and  subsequently 
diminution  of  blood  pressure,  and  diminution  and  even  arrest 
of  the  heart's  action.  This  is,  however,  of  little  interest  when 
the  caustic  alkalies  are  taken,  as  the  pulse  and  heart's  action 

'Ztschr.   f.   Heilk.,    1904,    xxv.,  (Hft.    47).    Benjamin:  Berl.  kl. 

Chir.  Abt.,  46.  Wchnschr.,    1898,  xxxv..  725;  M 

=  Bost.  M.   and   S.    Jour.,     1876,  Charity  Ann.,  1899,  xxiv.,  246. 

xcv.,  481.  Teleky:  Loc.  cit.  Kramsztyk:  Jahrb. 

=  See   also:   v.  Hacker:  "U.  d.  n.  f.  Kinderhlk.,  1902,  Iv.,  580.  Johan- 

Veratz.    entstandene  Speiserohren-  nessen: /bid.,  1900,  li.,  153.  Torday; 

verengungen,"  Wien,  18S9;  Id.  Arch.  Ihid.,  1901,  liii.,  272.               ,„„. 

f.  kl.  Chir.,  1893,  xlv.,  605.    Keller:  '  Munch,  mad.  Wchnschr.,  IW 

Oesterr.    Ztschr.    f.   prakt.     Heilk.,  xlvii.,  216. 
1862,  viii.,  857,  903   (Hft.  46),  902 
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are  similarly  affected  in  the  exhaustion  and  collapse  caused  by 
either  alkali. 

Among  exceptional  cases  we  may  note  the  following:  A 
woman  of  forty-five  years  died  on  the  third  day  after  an  appli- 
cation of  monosodic  carbonate  to  a  wounded  surface.^  A  man 
of  fifty-three  years  died  suddenly  while  upon  a  journey.  The 
remote  cause  of  death  was  in  the  condition  of  his  alimentary  canal 
and  general  nutrition,  caused  by  his  having  taken  two  ounces  of 
sodium  bicarbonate  daily  for  a  period  of  sixteen  years. ^ 

The  prognosis  is  far  from  favorable.  In  56  out  of  77  cases 
(72.7  per  cent.)  death  is  known  to  have  resulted,  and  in  21  (27.3 
per  cent.)  the  patients  did  not  die  while  under  observation.  Of 
477  cases  of  oesophageal  corrosion  observed  by  v.  Hacker' 
69.8  per  cent,  were  caused  by  alkalies.  Of  these' one-third  died 
from  the  primary  effects,  and  of  the  survivors  more  than  one-half 
had  more  or  less  severe  strictures,  of  which  at  least  one-third 
died.      Very  few  escaped  without  strictures. 

Treatment. 

As  in  acid  corrosion,  if  the  case  be  seen  very  early,  the  in- 
dications are  to  dilute  and  neutralize  the  corrosive  as  expedi- 
tiously as  possible.  All  that  has  been  said  regarding  the  treat- 
ment of  acid  corrosion*  applies  here,  save  that  the  neutrahzing 
agent  must  be  an  acid  and  not  a  base.  The  most  available  acids 
for  the  purpose  are  acetic  (vinegar),  citric  (lemon  juice),  and 
tartaric.  Usually,  however,  corrosion  is  quite  advanced  when 
the  patient  is  first  seen,  in  which  event  it  is  better  to  avoid  the 
administration  of  acids,  as  neutralization  of  the  alkali  does 
not  restore  destroyed  tissue,  and  the  acid  only  aggravates  the 
already  severe  pain.  If  the  stomach-tube  have  been  successfully 
introduced,^  the  washing  should  be  continued  until  the  washings 
are  neutral.  Fragments  of  ice,  or^  small  quantities  of  ice  cream 
should  be  given  internally,  and  cold  applied  to  the  abdomen. 
Narcotics  are  indicated  to  control  the  pain.  Oils,  mucilaginous 
drinks  or  white  of  egg  may  be  given  later,  more  with  the  view  of 

'  Hancock:  Lancet,  1854,  ii.,  435.  *  See  p.  239. 

^Tunstall:  Med.  Times,   London,  "With  the  precautions  described 

1850,  564.     See  Post-mortem,  p.  322.       on  p.  240. 
•  ■  =>  Arch,  f .  klin.  Chir.,   1893,  xlv., 
605. 
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coating  the  raw  surfaces  than  with  the  hope  of  neutralizing  the 
alkah  with  the  formation  of  soaps.  Avoid  overfilling  the  stom- 
ach. Later,  when  the  mouth  has  returned  to  the  normal  and  the 
gastric  symptoms  have  abated,  oesophageal  strictures  should  be 
sought  for  and,  if  found,  dilated  with  bougies  if  possible.  In 
most  cases,  however,  gastrostomy,  with  or  without  retrograde 
dilatation,  or  cesophagotomy  must  be  resorted  to.  Rectal 
feeding  may  be  necessary  at  times. 

Post-mortem  Appearances. 

We  find  but  few  observations  of  the  post-mortem  appear- 
ances after  early  death  from  fixed  alkalies.  The  most  complete 
are  those  of  Lesser, '  Voss,"  and  Nager,*  from  the  first  men- 
tioned of  which  the  following  description  is  taken: 

Stains  of  a  dirty  yellow  color  upon  the  skin  of  the  chin;* 
outer  portion  of  lips  cyanotic  and  deprived  of  epithelium;  the 
visible  mucous  membrane  of  a  dirty  red-brownish  to  greenish 
color;  tongue  swollen;  epithelium  where  present  opaque,  whit- 
ish, or  greenish-gray;  where  denuded,  subepithelial  tissue  uni- 
formly intensely  red.  Gums  and  pharj-nx  injected  and  swol- 
len, most  markedly  so  at  the  opening  of  the  larynx,  which  is 
markedly  narrowed,  and  where  there  is  considerable  submu- 
cous cedema.  Brown,  linear,  opaque  stains  on  anterior  surface 
of  the  uvula  and  on  the  soft  palate.  CEsophagus  corroded  in 
its  upper  part;  lower  part  normal  in  consistence.  Stomach  of 
medium  size;  peritoneal  surface  pale;  only  the  large  vessels  of 
the  subserous  tissue  moderately  injected  with  dark  fluid  blood. 
It  contains  about  80  c.c.  (5iij-)  of  cloudy,  thick  fluid  tinged 
with  bile,  and  acid^  in  odor  and  in  reaction.  On  the  inner 
surface  the  cardia,  the  lesser  curvature  in  its  left  two-thiids, 
and  the  neighboring  parts  of  the  anterior  and  posterior  sur- 
faces are  in  marked  contrast  with  the  remainder.  They  form 
an  irregular  triangle,  whose  apex  is  directed  toward  the  py- 
lorus,  about   10X12  cm.    (4x4f  inches),  with  sharply  defined 


'"Atlas  d.  ger.  Med.,"  i.,  9,  13,  See    also   Casper-Liman: 

PI.    ii.,    Fig.    1,    5    (good    colored  d.  ger.  Med.,"  8te  Aufl.,  529,  o32. 
plates);     Vrtljschr.    f.     ger.     Med.,  *  In  one  of  Liman's  cases  yello" 

1898,  3  F.,  xvi.,  84.  stains  similar  in  character  were  o^ 

"  "Ueber       Laugenvergiftung,"  served  in  a  child  that  had  survivefl 

Diss.,  Berlin,  1892,  p.  26.  for  eighteen  days. 

=  Arch.  d.  Heilk.,  1872,  xiii.,  221.  *  See  p.  325. 
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borders,  brown-red  in  color,  uneven,  and  nodulated  and  leath- 
ery in  consistence.  The  remaining  mucous  membrane  is  ca- 
tarrhal, flat,  and  pale  reddish-yellow  or  greenish,  with  a  few 
small  spots,  altered  as  in  the  principal  lesion.  A  section  through 
the  eschar  shows  tha,t  it  penetrates  the  entire  mucous  layer,  but 
the  submucous  and  part  of  the  muscular  layers  only  in  the  im- 
mediate vicinity  of  the  cardia.  In  other  parts  of  the  stomach 
wall  adjacent  to  the  eschar  there  is  only  a  considerable  cedema- 
tous  and  cellular  infiltration.  The  section  of  the  eschar  is 
thicker  than  normal.  The  entire  small  intestine  is  catarrhal,  less 
so  toward  the  ileo-csecal  valve,  and  in  its  upper  part  also  colored 
by  biliary  imbibition.  The  abdominal  glands  are  normal  but 
pale.  Heart  normal;  the  blood  contained  in  it  partly  coagu- 
lated. The  mucous  membrane  of  the  larynx,  trachea,  and 
bronchi  bright-red;  in  the  bronchi  a  notable  quantity  of  viscid, 
purulent  mucus.  In  the  posterior  part  of  the  lower  lobes  of  the 
lungs  are  numerous,  circumscribed,  brown-red,  pneumonic  spots, 
of  the  size  of  peas,  caused  by  inhalation  of  ingesta. 

The  appearances  in  Voss'  case  were  similar,  but  the  stomach 
contained  coagulated  blood,  and  its  contents  were  neutral  in 
reaction. 

In  Kiemann's  case  of  death  in  eighteen  hours,  the  mucous 
membrane  of  mouth,  pharynx,  larynx,  trachea,  large  bronchi, 
oesophagus,  stomach,  and  duodenum  was  brown-yellow  and 
corroded.  There  was  much  blood  in  the  small  intestine.  In 
places  in  the  lungs  there  was  gray-red  hepatization,  due  to  in- 
spiration of  caustic  potash. 

In  Nager's  case  of  death  in  twenty-two  hours  the  stomach 
was  perfectly  normal,  the  fauces  were  ulcerated,  the  follicular 
gland  tissue  protruding  in  the  form  of  yellow  ridges.  The  in- 
testines were  normal.  The  lungs  were  affected  with  acute 
cedema,  and  to  the  right  below  with  lobular  pneumonia.  The 
cortex  of  the  kidneys  was  hypersemic,  black-red;  the  pyramids 
anaemic,  pale  yellow.  Nager  gives  a  description  of  the  micro- 
,  scopic  changes,  with  illustrations,  for  which  we  refer  to  the 
original. 

Walbaum'  in  experiments  upon  animals  found  that  alkalies 
produce  changes  in  the  minute  structure  of  the  gastric  mucous 

'  Vrtljschr.    f.    ger.    Med.,    1906,       Beitr.  z.  path.  Anat.  (Ziegler),  1908, 
3  F.,  xxxii.,  63.     See  also:  Schall:       xliv.,  458. 
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membrane  quite  distinct  from  those  produced  by  the  mineral 
acids.'  The  sections  stain  easily,  the  blood  vessels  are  con- 
tracted, the  red  corpuscles  have  disappeared,  the  outlines  of  the 
cells  are  dimmed,  the  protoplasm  clear  and  the  nuclei  distorted; 
all  the  connective  tissues  are  homogenized. 

Autopsies  after  death  from  the  secondary  effects  of  alkalies 
have  been  made  much  more  frequently.  The  most  marked 
changes  are  found  in  the  oesophagus,  stomach,  and  lungs.  If 
death  have  resulted  from  inanition,  great  emaciation  and  other 
evidences  of  starvation  are  observed.  The  oesophagus  is  af- 
fected in  most  cases,  being  deprived  of  epithelium,  thickened, 
and  cicatrized,  and  thereby  diminished  in  calibre,  most  fre- 
quently toward  the  middle  or  lower  part,  frequently  to  the  ex- 
tent of  complete  or  almost  complete  closure.  Sometimes  it  is 
greatly  dilated  above  the  stenosed  portion.^  Or  the  oesophageal 
wall  may  be  softened  in  places,  as  in  one  of  Weinlechner's  cases,' 
in  which,  two  months  after  the  injury,  the  lower  third  of  the 
oesophagus  was  found  inflamed,  purulent,  of  a  punk-like  con- 
sistence, and  distended  above  the  cardia  to  a  pocket,  the  wall 
of  which  had  been  perforated  by  the  sound,  causing  purulent 
peritonitis.  The  stomach  is  frequently  contracted,  pale,  buff 
color,  more  or  less  deprived  of  epithelium,  and  cicatrized,  with 
thickened  walls.  The  pylorus  is  often  stenosed  by  cicatrization, 
but  less  frequently  than  the  oesophagus  or  cardia.  When  it  is 
affected,  the  cardia  or  oesophagus  is  also  contracted,  and  the 
stomach  more  or  less  cicatrized.  In  one  case,  however,  the  car- 
diac opening  of  the  stomach  hardly  admitted  a  director,  while 
at  the  pylorus  there  was  an  extensive  cicatrix,  involving  the 
valve,  and  completely  shutting  off  the  duodenum.  Yet  the 
stomach  intervening  between  the  pylorus  and  cardia  was  healthy.* 

Evidences  of  pneumonia  or  of  tuberculosis  or  of  oedema  are 
frequently  found  in  the  lungs.  In  one  case  the  fatal  termination 
was  caused  by  secondary  empyema.^  Frisch*  has  reported  a  case 
in   which  the  oesophagus  and  the  trachea  in  the  region  of  the 

'  See  p.  258.  ■•  Barclay:  Med.  Times  and  Gaz., 

'  Barham:  Lancet,  1850,  i.,  275.  1S53,  vii.,  553. 

Lesser:  "  Atl.  d.  ger.  Med.,"  PL  v.,  'Shuberg:    "Ein  Fall  von  Lau- 

Fig.  3.  genvergiftung,"   Diss.,  Munchen, 

'  Ber.  .   .   .  Rudolph-Stift.,  Wien,  ISSS. 

1875  (1876),  373.  » Jahrb.  d.  Wien.  K.  K.  Kranken- 

Anstalt  (1893),  1894,  i.,  819. 
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bifurcation  were  perforated  and  in  which  there  had  been  acute 
pulmonary  oedema. 

In  Tunstall's  case  of  death  from  long-continued  doses  of  the 
bicarbonate,  the  tissues  were  very  pale,  the  stomach  twice  its 
natural  size,  its  peritoneal  surface  covered  with  reticulated 
blood-vessels,  with  a  bright  brick-red  blush  spreading  from  the 
cardia  over  one-third  of  its  surface;  the  entire  mucous  mem- 
brane was  disintegrated,  pulpy,  with  numerous  ulcers  from  the 
size  of  a  pea  to  that  of  a  bean.  The  stomach  had  the  appearance 
of  polished  tortoise  shell.  It  contained  half  a  pint  of  strongly 
acid  liquid.^  The  small  intestines  were  in  the  same  condition  as 
the  stomach.  There  was  no  fat  in  the  omentum,  and  the  liver 
and  spleen  were  small  and  consolidated. 

Analytical. 

Very  little  is  to  be  expected  of  the  chemist  in  cases  of  alka- 
Hne  intoxication.  Although  the  identification  and  quantita- 
tive determination  of  potassium  and  sodium  present  no  difhcul- 
ties,  salts  of  these  metals  are  normal  constituents  in  quite 
notable  quantity  of  animal  tissues  and  fluids.  Hence  to  argue 
the  presence  of  the  hydroxid  or  carbonate  it  must  be  detected  in 
its  own  form.  This,  so  far  as  we  are  aware,  has  never  been  ac- 
complished in  portions  of  the  cadaver,  nor  is  it  probable  that  it 
will  be,  as  during  the  survival  of  the  victim  it  will  be  expelled 
by  vomiting  or  converted  into  other  forms  of  combination. 
Indeed,  we  know  of  but  one  instance  in  which  the  stomach  con- 
tents have  been  found  to  be  alkaline.^  It  is  to  be  regretted  that 
Liman,  in  his  description  of  the  exceptional  instance  of  death  in 
thirteen  hours,'  does  not  state  what  the  reaction  of  the  500  c.c.  of 
liquid  found  in  the  stomach  was.  If  the  matters  first  vomited 
have  been  preserved,  it  may  be  possible  to  detect  and  determine 
the  amount  of  alkali  in  them,  but  it  must  not  be  forgotten  that  a 
considerable  quantity  of  alkali  may  be  neutralized  by  the  acid 
gastric  contents.  The  materials  should  be  dried  and  extracted 
with  warm  absolute  alcohol,  which  dissolves  the  hydroxids  but 

'  He  had  taken  several  doses  of  -  Lesser:  Vrtljschr.  f.  ger.  Med., 

sodium  bicarbonate  during  the  day,       1898,  3  F.,  xvi.,  85.     See  p.  322  and 
and  about  a  pound  was  found  in  his      above. 

pockets.  ^  Casper- Liman:  "Handb.  d.  ger. 

Med.,"  8te  Aufl.,  ii.,  532. 
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not  the  carbonates.  A  quantitative  analysis  of  all  the  bases  and 
acids  present  is  also  desirable.  Usually  the  function  of  the 
chemist  will  be  limited  to  a  determination  of  the  nature  and 
quantitative  composition  of  a  sample  of  the  substance  which 
caused  the  intoxication.  The  urine  should  be  carefully  ana- 
lyzed, particularly  as  to  the  degree  of  its  alkalinity  or  acidity, 
If  stains  upon  clothing,  etc.,  have  been  produced  by  the  alkah, 
they  will  be  white,  and  will  contain  the  carbonate  whether  the 
substance  taken  was  carbonate  or  hydroxid.  Confirmatory  evi- 
dence may  be  obtained  from  the  presence  or  absence  of  arsenic 
in  small  quantity  in  the  cadaver,  as  it  is  an  almost  constant 
impurity  of  commercial  caustic  soda.* 

AMMONIUM  HYDROXID  AND  CARBONATE. 

Ammonia — NH3 — is  a  colorless,  pungent,  intensely  suffo- 
cating and  irritating  gas,  lighter  than  air  (specific  gravity  0.589 
A),  which  is  formed  during  decomposition  of  organic  nitrogen- 
ous matter  either  spontaneously  or  by  destructive  distillation, 
Is  is  most  readily  obtained  by  decomposing  the  ordinary  aqua 
ammoniaB  by  heat,  or  an  ammonium  compound  by  a  stronger 
base.  The  gas  is  extremely  soluble  in  water  (1,050  volumes  in 
1  at  0°),  to  which  it  communicates  an  intensely  alkaline  reac- 
tion. When  subjected  to  a  pressure  of  about  seven  atmospheres 
it  is  reduced  to  a  colorless  liquid,  which  boils  at  — 33.7°  (—28.6° 
F.).  In  many  forms  of  ice  machines  this  liquid  is  produced 
along  with  a  certain  amount  of  frozen  water  by  pressure,  and  the 
lowering  of  temperature  is  attained  by  its  volatilization. 

Ammonia  is  not  only  irrespirable,  but  causes  immediate 
suffocation  when  it  is  inhaled,  even  if  largely  diluted  with  air. 
The  detrimental  effects  of  inhaled  ammonia  gas  are  due  entirely 
to  its  local  irritating  action  upon  the  respiratory  organs.  Under 
these  conditions  it  can  have  no  truly  poisonous  action  as  Magnus^ 
and  Sihle'  have  shown  that  the  lungs  are  impervious  to  this  gas 
M'hich  is  neither  absorbed  into  the  blood  nor  eliminated  there- 

'  See  p.  270.     In  one  of  Liman's  nothing  is  said  of  the  presence  ot 

cases  ("Handb.,"  ii.,  532)  the  pres-  arsenic  in  the  body,  nor  is  its  ag- 

ence  of  arsenic  in  the  liquid  which  nificance  there  recognized, 

caused    the    intoxication,    and    the  -  Arch.    f.    exp.   P.   u.  P.,  IW 

existence  of  a  large  quantity  of  so-  xlviii.,  100. 

dium  compounds  in  the  "contents  "  Zentbl.  f,  Physiol.,  1903-4, xWi 

of   the   cadaver"    are   noticed,    but  238. 
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from  in  the  lungs.  Death  from  inhalation  of  ammonia  has  oc- 
curred either  from  the  injudicious  use  of  aqua  ammonise  or  am- 
monium carbonate  as  a  remedy  or  by  its  escape  from  ice  ma- 
chines. Falck^  refers  to  two  cases  of  ammonia  intoxication  by  the 
careless  administration  of  the  fumes  of  aqua  ammonise  to  epilep- 
tics/ one  caused  by  a  similar  use  of  the  same  substance  as  an  an- 
tidote for  hydrocyanic  acid  poisoning,  one  from  the  breaking 
of  a  bottle  containing  strong  aqua  ammonise,'  and  one  in  which 
a  workman  employed  about  a  Carre  ice  machine  almost  perished. 
An  accident,  fatal  to  three  men,  is  reported  by  Fairbrother.* 
While  some  workmen  were  employed  in  the  construction  of  a 
freezing-machine  the  floor  gave  way.  A  tank  containing  an- 
hydrous ammonia  was  broken  open,  and  four  men  were  exposed 
to  the  fumes  during  three  minutes.  The  body  of  one  was 
drenched  with  the  liquid,  the  exposed  portions  of  the  skin  were 
severely  blistered,  and  the  tongue  and  pharynx  denuded  of  epi- 
thelium. He  died  comatose  in  fifteen  minutes.  A  second  was 
found  in  a  condition  resembling  chloroform  delirium,  and  re- 
mained in  the  same  state  for  two  hours,  when  he  suddenly  ex- 
pired. The  third  was  conscious  and  able  to  walk,  but  com- 
plained of  occasional  difficulty  in  breathing.  He  swallowed 
and  conversed  readily.  In  about  five  hours  the  dyspnoea  sud- 
denly increased,  and  he  died  after  a  few  gasps.  The  fourth 
man  sustained  a  compound  fracture  of  the  leg,  which  was  am- 
putated. For  three  months  he  suffered  from  bronchial  irrita- 
tion and  constant  haemoptysis,  but  recovered,  except  for  partial 
paralysis  of  the  right  side.  Monro  and  Workman^  reported  the 
deaths  of  one  man,  found  dead,  and  of  two  others,  who  died  in 
about  two  days,  from  inhalation  of  ammonia  escaping  from  a 
broken  pipe  in  a  cold-storage  plant.  In  May,  1907,  five  men  were 
killed  and  twelve  others  seriously  injured  by  the  explosion  of  an 
ammonia  tank  in  a  refrigerating  plant  in  Chicago.  A  man  of 
fifty-five  died  in  June,  1899,  having  been  seriously  injured  in  an 

'"Lehrb.  d.  Tox.,"Stuttg.,  1880,  man    died    on    the  third    day.     A 

p.  107.  similar  case  is  reported  in  Edinb.  M. 

^In  one  of  these  (Gaz.  de  sant6,  andS.,J.,  1818,  xiv.,  642. 

May  21st,  1816),  about  two  drachms  ^  Souchard:  Ann.     d'hyg.,     1841, 

of  the  liquid  ran  into  the  mouth  and  xxv.,  219. 

nose.     In  the  other  (Nysten:  Bull.  "St.  Louis  M.  and  S.  Jour.,  1887, 

de  la  soc.  de  m^d.,  1815,  iv.,  352);  lii.,  272. 

a  handkerchief  saturated  with  aqua  ^  Glasgow  M.  J.,  1898,  i.,  343. 
ammoniae  was  held  to  the  nose.    The 
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ice-machine  explosion  in  Juh^  1891,  and  expert  opinion  favored 
the  widow's  claim  for  damages.'  A  man  died  in  four  days  from 
inhalation  of  ammonia  in  cleaning  a  machine  in  a  chemical 
factory.^  A  photographer  was  seriously  affected  by  the  gas  es- 
caping from  a  suddenly  opened  bottle  of  aqua  amnionic. ^ 

We  find  mention  in  medical  literature  of  89  cases  of  intoxi- 
cation caused  by  swallowing  aqua  ammonise — spirits  of  harts- 
horn, volatile  alkali — ammonium  hydroxid  solution — NH^HO — 
or  anin\onium  carbonate — or  some  preparation  containing  one  or 
the  other,  such  as  "household  ammonia,"  ammonia  liniment, 
aromatic  spirts  of  ammonia,  eau  sedative,  Preston  salts.  Of  the 
83  cases  in  which  the  causation  is  given,  49  were  accidental,  27 
suicidal,  5  homicidal,  and  2  to  procure  abortion. 

It  is  difficult  to  imagine  how  a  substance  possessed  of  so 
pungent  an  odor  could  be  taken  accidentally  and  unknowingly 
by  a  person  in  the  full  possession  of  his  faculties,  yet  in  only  14 
of  the  "accidental"  cases  were  the  victims  young  children. 
Seven  of  the  35  accidental  (?)  cases  in  adults  were  caused  by  drug- 
gists' errors,  and  17  by  errors  of  the  patients  themselves  or  their 
attendants  in  taking  or  administering  medicine;  in  3  cases  aqua 
ammonise  was  taken  in  mistake  for  spirits,  in  2  for  water,  in  the 
dark,  in  1  for  beer,  in  1  instance  while  the  man  was  drunk,  once  by 
a  lunatic,  once  by  a  soldier  to  evade  duty,  and  in  2  cases  "  by 
mistake." 

Of  the  five  homicidal  (?)  cases,  one  is  referred  to  by  Huse- 
mann^  as  reported  bj^  Souchard,  of  a  girl  of  six  years  who  in- 
tentionally poured  aqua  ammonise  into  the  mouth  of  her  younger 
sister.  Two  others  are  mentioned  by  Taylor:  One,  the  death  of 
an  infant  of  four  and  a  half  days  from  the  effects  of  an  ammoniacal 
embrocation  mixed  with  its  food,  as  it  would  seem  either  by  the 
mother  or  by  a  two-year-old  child  ;^  the  other  (Reg.  v.  Haydon, 
1845)  in  which  a  man  was  tried  for  the  murder  of  a  child  by  ad- 
ministering to  it  spirits  of  hartshorn. °  In  a  case  reported  by 
Barclay'  a  girl  of  nineteen  "was  made  to  swallow"  aqua  am- 

'Edel:     Aerztl.     Schverst.     Ztg.,  =  Guy's  Hosp.  Kept.,   1864,3  s., 

1900,  vi.,  153.  X.,  190;  "Poisons,"  3d  Am.  ed.,  255. 

'  Lewin:     Berl.     kl.     Wchnschr.,  "  In  the  table  of  criminal  poison- 

1908,  xlv.,  1873.  ings  in  France,    1851-63,   given  by 

'Harris:    Indian    M.    Ciaz..    1885,  Tardieu  (p.   164)  are  included  four 

iv.,  673.  by  ammonia. 

«"Toxikologie,"  i.,  948.  'Med.  Times  and  Gaz.,  1853,  ii., 

554. 
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moniEe.  In  a  recent  German  case  a  nurse  girl  of  sixteen  was 
convicted  of  an  attempt  to  destroy  a  six-months  infant  by  aqua 
ammoniae  in  milk.^ 

One  case  is  reported  of  the  mahcious  external  application  of 
ammonia.  A  liniment  containing  a  strong  solution  of  ammonia 
was  thrown  by  a  man  into  a  woman's  face,  with  intent  to  in- 
jure her.     A  portion  reached  the  eyes.     She  recovered.- 

In  one  of  the  cases  of  abortion  a  woman  swallowed  90  gm. 
of  aqua  ammonise,  was  delivered  of  a  dead  foetus  on  the  second 
day,  and  died  on  the  eighth.^  In  the  other,  ammonia  was  in- 
jected into  the  vagina,  causing  atresia.^ 

Prognosis. — The  prognosis  when  aqua  ammoniae  has  been 
swallowed  appears  to  be  more  favorable  than  when  the  fixed 
alkalies  or  mineral  acids  are  similarly  taken.  Of  89  cases,  52 
(58.4  per  cent.)  died,  and  37  (41.6  per  cent.)  recovered.  Nor 
is  death  from  secondary  effects  to  be  anticipated.  It  has  only 
occurred  once  among  the  cases  of  which  we  find  record.' 

Duration. — The  lethal  action  of  volatile  alkali  is,  as  a  rule, 
more  rapid  than  that  of  the  fixed  alkalies.  Of  43  cases  in 
which  the  duration  is  given,  25  died  within  thirty-six  hours. 
The  most  rapidly  fatal  case  is  one  reported  by  Stevenson,"  in 
which  a  man,  a  hard  drinker,  took  a  teaspoonful  of  liquor  am- 
moniae of  specific  gravity  0.88.  After  complaining  of  some 
pain  in  the  abdomen,  he  turned  over  on  his  side,  turned  blue 
in  the  face,  and  expired  at  once  without  any  struggle  for  breath. 
A  male  suicide  died  in  fifteen  minutes  after  taking  a  large  dose  of 
aqua  ammonia.'  A  man  of  sixty-eight  years,  having  defective 
sense  of  smell,  swallowed  60  gm.  (about  Bij.)  of  aqua  ammoniae 
in  two  doses,  and  died  of  suffocation  three  and  one-quarter  hours 
later.  ^  A  man  of  seventy  years  took  two  mouthfuls  of  aqua  am- 
monise while  drunk,  and  died  in  convulsions  in  four  hours.' 

'Feisenberger:      Arch.    f.    krim.  xvii.,    225.     Other    early    cases    of 

Anthrop.,  1905,  xxi.,  278.  short    duration    are   mentioned    by 

'^  Reg.  ».  Gavan,  1873,  Stevenson,  Plenck:     "Tox.,"      1785,     4    min. 

Taylor:  "Med.Jur.,"  11th Am.ed., 111.  Paget:  Lond.  M.  Gaz.,  1837,  child 

^Franjais:      Ann.    d'hyg.,     1877,  2  yrs.,  1  min.  after  injection  into  a 

2  s.,  xlvii.,  556.  nsevus.    J.  de  chim.  m^d.,  1845,  531, 

*  Neugebauer:     "  Verwachs.   u.  man,  1 J  teaspoonful,  "soon." 

Vereng.  d.  Scheide,"  Berlin,  1895.  'Taylor:    "Poisons,"     3d    Am. 

=  Barclay:  Med.  Times  and  Gaz.,  Ed.,  252. 

1853,    ii.,    554.     Mann:    "Forensic  *  Christen:  J.  d.  chim.  m6d.,  etc., 

Med.,"  p.  421,  reports  a  non-fatal  1869,  5  s.,  v.,  309. 

case  of  oesophageal  stricture.  "Kern:    Med.    Corr.-Bl.    Wiirt. 

"Guy's  Hosp.  Repts.,  1871,  3  s.,  Aerztl.  Ver.,  1868,  xxxviii.,  304. 
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The  most  prolonged  case  in  which  death  resulted  from  the 
primary  action  of  the  alkali  of  which  we  find  record  is  that  of  a 
woman  suicide  who  died  in  forty-five  days  from  the  effects  of 
45  gm.  of  aqua  ammonise.'  A  man  of  forty  years  died  of 
laryngismus  stridulus  in  nineteen  days  after  swallowing  one 
ounce  of  liquor  ammonia. ^  A  man  died  in  ten  days  after  taking 
100  gm.  (Biij-)  of  liquor  ammonise;^  another  in  a  like  period  from 
the  effects  of  an  equal  quantity;''  another  in  eight  days  from  the 
effects  of  250  gm.  (gviij.)  of  eau  sedative;^  and  a  woman  ex- 
pired eight  days  after  taking  90  gm.°  In  the  single  case  of  death 
from  the  secondary  effects  of  volatile  alkali  above  referred  to, 
death  occurred  in  three  months.  In  two  other  cases  death  oc- 
curred in  eight'  and  in  ten^  days. 

Lethal  Dose. — In  very  few  cases  is  the  quantity  and  concen- 
tration of  the  preparation  swallowed  accurately  determined. 
The  smallest  quantity  which  we  can  find  record  of  having  caused 
the  death  of  an  adult  was  15  gm.  (4  dm.)  of  an  ammonia  of 
unstated  strength,  which  killed  a  man  suicide  in  three  and  one- 
eighth  hours.'  In  Kanders'  case'"  a  woman  of  sixty-five  years 
took  "two  swallows,"  estimated  at  20  c.c.  (about  5^  dm.), 
of  10  per  cent,  ammonia  and  died  the  same  day.  In  Matterson's 
case,"  through  a  pharmacist's  error,  a  man  of  fortj'-four  years 
swallowed  about  20  c.c.  of  ammonia  of  unknown  strength,  and 
died  in  thirty-six  hours.  Lesser'^  reported  the  death  of  a  child  of 
two  years  in  fourteen  and  three-fourths  hours  from  1.5  gm. 
(24  minims)  of  ammonia  of  10.2  per  cent,  strength.  Doses  of 
30  gm.  (1  oz.)  have  been  recovered  from  in  four  instances.'* 
Under  exceptional  circumstances,  a  pregnant  woman  suicide  of 
twenty-two  years  was  rescued  from  the  effects  of  140  gm. 
(about  4-T  oz.),  which  she  swallowed  while  holding  her  nose. 
Having  done  so  she  immediately  jumped  into  the  river,  from 

'  Robin,     quoted    byTardieu:  °  Geneuil,     quoted     by     Tardieu 

"Emp."  2eed.,  322.  "Emp."  2e  ed.,  317. 

2  Patterson:  Edinb.   M.   J.,   1857,  '"  Wien.  med,  Bl.,  1881,  iv.,  513. 
iii.,  236.  "  Lancet,  1876,  i.,  280. 

3  Potain:  Union  m6d.,  1862,  xiii.,  >2  yi-^jgchr.    f.    ger.    Med.,   1898, 
119.  3F.,  xvi.,  89. 

*  Gaz.  d.  hop.,  1862,  xxxv.,  39.  "Trotter:    Lancet,    1S52,  i.,  261, 

'Rulie:  Union  m^d.,   1S57,   viii.,  M.  36.  Fonsagrives:  J.dechim.m^d. 

522.  1859,    4    s.,    v.,    13,    M.  56.     Page: 

"Fran^ais:     Ann.     d'hyg.,     etc.,  Mich.  M.  News,  1881,  iv.,  27,  M.  35. 

1877,  2  s.,  xlvii.,  556.  BelUni:  Lo  Sperim.,  1876,  xxxviii., 

'  Francai.s:  Loc.  ell.  177,  F.  19. 

«Gaz.  d.h6p.,lS62,  xxxv.,  39. 
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which  she  was  promptly  extracted,  whereupon  vomiting  of  the 
swallowed  water  effected  thorough  lavage  of  the  stomach,  and 
she  recovered.' 

S3anptoms. — Immediately  on  swallowing  the  alkali  the 
person  experiences  a  sensation  as  if  he  were  being  mechanically 
suffocated,  he  gasps  for  breath,  sometimes  utters  a  low  cry,  and 
sometimes  falls  back  insensible.  Burning  pain  in  the  lips, 
mouth,  and  fauces  practically  accompanies  the  act  of  swallow- 
ing or  is  complained  of  immediately  the  patient  regains  con- 
sciousness. The  pain  soon  extends  to  the  stomach,  and  later 
the  abdomen  becomes  distended,  tympanitic,  and  tender  to  the 
touch.  Retching  and  vomiting  also  soon  follow  the  ingestion, 
the  vomited  matters  having  the  odor  of  ammonia,  and  contain- 
ing blood,  frequently  in  large  amount.  The  lips,  tongue,  and 
mucous  membrane  of  the  mouth  and  pharynx  are  white  or 
bright  red,  with  the  epithelium  peeling  off  in  shreds,  and  be- 
come greatly  swollen  and  cedematous.  The  oedema  may  in- 
volve the  glottis,  and  thus  cause  death  suddenly.^  Respiration 
is  interfered  with;  deglutition  is  difficult  or  impossible;  there 
are  severe  thirst  and  dryness  of  the  mouth  and  pharynx,  and  the 
voice  is  husky,  reduced  to  a  whisper,  or  extinguished.  The 
breath  smells  of  ammonia.  The  lachrymal  and  salivary  secre- 
tions are  greatly  augmented,  the  saliva  is  frequently  streaked 
with  blood,  and  bloody  or  purulent  sputa  are  discharged  from 
the  air  passages.  The  urine  is  scanty,  high  colored  or  dark, 
subacid  or  alkaline,  and  contains  albumin,  casts,  and  blood  cor- 
puscles. The  bowels  in  some  cases  remain  constipated  during 
the  entire  attack;  in  others  there  are  copious  evacuations,  con- 
taining blood  or  consisting  entirely  of  blood  and  clots.  Death 
most  frequently  occurs  suddenly  from  suffocation.  Others  have 
died  from  exhaustion,  comatose,  or  in  convulsions.  In  non-fatal 
cases  aphonia  may  continue  for  weeks  or  months. 

Frank^  has  reported  the  case  of  a  man  who  swallowed  10-20 
gm.  of   aqua   ammonise  upon  a  full  stomach  and  vomited  in 

'  Bianchi:  Gazz.  d.  osp.,  1882,  iii.,  cock:     Med.     Chron.,     Manchester, 

418.  1891,  xiv.,  107.     Benn:  Pac.  M.  and 

2  Tracheotomy     has     been     per-  S.  J.,  1867-68,  n.s.  i.,  13.    Scharpff: 

formed  for  the  relief  of  this  condition  Diss.,  Kiel,  1903). 

four  times,  once  successfully  (Dick-  ^Corr.-Bl.    d.    Wurtemb.    aerztl. 

inson:  Lancet,  1890,  ii.,  1214),  and  Ver.,  1903,  Ixxiii.,  434. 
three    times    unsuccessfully    (Han- 
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eight  to  ten  minutes.     He  had  no  gastric  pain,  coughing,  hoarse- 
ness, or  dyspnoea. 

Treatment. — The  indications  for  neutralization  are  the  same 
as  when  the  fixed  alkahes  have  been  taken.  Impending  death 
from  suffocation  may  be  averted  by  inhalation  of  oxygen, 
tracheotomy,  or  artificial  respiration;  anodynes  for  the  pain; 
ice  pills. 

Post-mortem  Appearances. — The  mucous  membrane  of 
the  mouth  and  pharynx  is  deprived  of  epithelium,  red,  glazed, 
much  inflamed,  or  in  parts  softened  or  destroyed.  The  oesopha- 
geal mucous  membrane  has  been  found  detached  in  shreds  at  its 
upper  part  or  intensely  inflamed  at  its  lower  part.  In  one  in- 
stance, in  which  death  occurred  in  thirty-six  hours,  the  oesopha- 
geal mucous  membrane  was  yellow,  thickened,  partly  destroyed, 
with  almost  complete  stenosis  in  some  places.^  The  stomach 
contains  dark,  altered  blood,  which  has  the  odor  of  ammonia, 
and  may  also  be  distended  with  gas.  In  a  woman  who  died  the 
same  day  from  the  effects  of  20  c.c.  (§ivss.)  of  ten  per  cent, 
aqua  ammonise,  the  stomach  was  found  to  contain  500  c.c. 
(about  a  pint)  of  tenacious,  mucous,  acid  fluid.^  Its  mucous 
membrane  is  thinned  or  destroyed,  particularly  at  the  points 
where  the  ammonia  would  first  come  in  contact.  The  erosion  has 
been  observed  to  extend  into  the  muscular  coat,  but  we  find  only 
one  case  in  which  it  has  proceeded  to  perforation.^  The  re- 
mainder of  the  gastric  mucous  surface  is  intensely  injected, 
thickened,  and  reddened,  or  white  and  covered  with  mucus. 
The  duodenum  and  jejunum  have  been  found  intensely  injected 
or  filled  with  blood,  but  in  other  instances  the  intestines  were 
normal.  The  epiglottis  is  eroded  and  swollen.  The  submucous 
tissue  of  the  glottis  and  larynx  are  highly  oedematous,  some- 
times to  almost  complete  closure  of  the  opening  of  the  glottis. 
The  oedema  has  been  found  to  cease  at  the  vocal  cords,  the 
trachea  and  lungs  being  normal,  but  usually  the  trachea  and 
lungs  are  also  oedematous  or  congested.  The  lungs  have  even 
been  found  affected  with  pneumonic  consolidation.^  The  blood 
is  fluid  and  bright  red,  or  if  dark  becomes  light  on  exposure  to 
air.     The  kidneys  in  some  cases  are  unaffected,  in  others  con- 

'  Gillam:   Med.  Times  and   Gaz.,  » Taylor  (Hilton):  "Poisons,"   3d 

1878,  ii.,  706.  Am.  ed.,  255. 

^  Kanders:  Loc.  cij.  ■'Dyson:   Med.   Times  and  Gaz., 

1878,  i.,  35. 
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gested  and  affected  with  glomerulo-nephritis  and  fatty  degener- 
ation. The  Kver  is  usually  healthy,  but  may  be  the  seat  of  fatty 
degeneration. 

In  Barclay's  case  of  secondary  death  after  three  months^ 
the  oesophagus  was  healthy,  the  cardiac  orifice  of  the  stomach 
contracted,  and  the  pyloric  opening  reduced  to  the  size  of  a 
crow,  quill. 

Anal3^ical. — The  detection  of  an  alkaline  ammoniacal  com- 
pound in  the  stomach  contents  is  only  possible  or  significant 
if  the  case  has  been  of  short  duration,  and  if  the  examination  be 
made  soon  after  death.  Ammonia  and  ammonium  hydroxid 
and  carbonate  are  very  rapidly  diffusible,  and  the  two  former 
gaseous  or  extremely  volatile;  hence  they  are  not  only  rapidly 
absorbed,  but  soon  escape  from  the  living  or  dead  body.  Under 
favorable  conditions,  however,  the  stomach  contents  may  have 
a  marked  odor  of  ammonia,  be  alkaline  in  reaction,  and  yield 
ammonia  on  analysis;  but  it  must  be  remembered  that  am- 
monia is  formed  during  putrefaction,  and  therefore  its  detection 
is  of  no  significance  if  that  process  is  at  all  advanced.^  Prob- 
ably the  best  method  of  separation  is  that  proposed  by  Vitali:^ 
The  viscera  are  treated  with  absolute  alcohol,  ether  is  added,  and 
the  mixture  distilled  at  a  temperature  not  exceeding  40°  (104°F.). 
Free  ammonia  (or  that  present  as  hydroxid)  passes  over  with 
the  ether,  but  ammoniacal  salts  are  not  decomposed  at  that 
temperature.  The  ammonia  is  extracted  from  the  ether  by 
agitation  with  dilute  sulfuric  acid.  If  a  decinormal  acid  be 
used  the  quantity  of  ammonia  may  be  determined  from  the  loss 
of  acidity  of  the  acid  solution.  To  extract  ammonium  carbon- 
ate the  viscera  are  mixed  with  alcohol  and  distilled,  and  the 
carbonate  in  the  distillate  precipitated  with  lime-water  or  bar- 
ium chlorid. 

Ammonia  may  be  recovered  from  the  solution  of  the  sulfate 
obtained  as  above  by  evaporation  to  dryness,  washing  with  ab- 
solute alcohol,  dissolving  in  water,  and  distilling  the  solution 
with  caustic  soda  in  a  small  retort  connected  with  a  bulb  tube 

'  Med.  Times  and  Gaz.,  1853,  ii.,  mined  in  the  stomach  and  viscera, 

554.  but  he  states  that  undoubtedly  it 

2  Lesser:   Vrtljschr.  f.  ger.   Med.,  was  a  product  of  putrefaction,  and 

1898,  3  F.,  xvi.,  89,  reports  two  cases  was  not    a  remainder   of  the    dose 

of  death  from  ingestion  of  ammonia  talcen  in  either  case. 

in  which  that  substance  was  not  only  ^  "  Manuale     d.     Chim.     toss.," 

found,     but     quantitatively     deter-  Milano,  1893,  p.  165. 
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charged  with  water  and  cooled  by  ice.  The  presence  of  ammo- 
nia in  the  distillate  is  recognized  by:  (1)  The  odor;  (2)  the 
formation  of  white  fumes  when  a  glass  rod  moistened  with 
moderately  concentrated  hydrochloric  acid  is  approached  to  it; 
(3)  freshly  made  hsematoxylin  paper  is  colored  blue- violet  by 
the  vapor;  (4)  phenolphthalein  paper  is  colored  red;  (5)  rosolic 
acid  paper  is  colored  purple;  (6)  Nessler's  reagent  colors  the 
liquid  yellow  or  brown;  (7)  a  solution  of  mercuric  chlorid  forms  a 
white  precipitate;  (8)  a  solution  of  mercurous  nitrate  forms  a 
black  precipitate;  (9)  neutralized  with  slight  excess  of  hydro- 
chloric acid,  the  solution  treated  with  excess  of  platinic  chlorid 
solution,  evaporated  to  dryness  and  extracted  with  alcohol- 
ether,  leaves  a  yellow  residue  consisting  of  microscopic  octa- 
hedral crystals  of  ammonium-chloroplatinate — (NH4)2PtCle. 
The  formation  of  this  compound  may  be  utilized  to  determine  the 
quantity  of  ammonia.  To  that  end  it  is  dried  at  about  100° 
and  weighed;  100  parts  correspond  to  7.61  parts  of  ammonia 
(NH3). 

If  caustic  alkalies  be  present  in  the  objects  examined  along 
with  ammoniacal  salts,  the  latter  are  decomposed  at  slightly 
elevated  temperatures,  and  ammonia  is  liberated. 

The  detection  of  ammonia  (as  carbonate)  in  the  urine  is  of 
no  toxicological  significance,  as  it  is  normally  present  therein 
and  is  greatly  increased  in  amount  from  decomposition  of  urea, 
on  exposure  to  air,  and  frequently  in  the  bladder. 

THE  HALOGENS. 

ChLORIN BhOMIN lODIN. 

The  halogens  (a\s  =  salt,  •ycvca  =  birth)  are  the  four  elements  fluorin, 
chlorin,  bromin,  and  iodin,  which  exist  in  compounds  more  or  less 
closely  resembling  sea  salt,  sodium  chlorid.  Fluorin,  although  prob- 
ably a  most  intense  corrosive,  has  no  practical  toxicological  interest, 
owing  to  the  exceptional  conditions  necessary  for  its  liberation. 

Chlorin. 

Chlorin  is  liberated  by  the  action  of  manganese  dioxid,  MnOj,  upon 
hydrochloric  acid,  either  alone  or  in  the  presence  of  sulfuric  acid,  or 
upon  a  mixture  of  sulfuric  acid  and  common  salt;  or  electrolytically 
by  the  decomposition  of  a  chlorid.     It  is  also  given  off  when  a  hypo- 
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chlorite  (bleaching  powder,  etc.)  is  exposed  to  the  air  or  decomposed 
by  an  acid. 

It  is  a  yellowish-green  gas;  has  a  verj'  penetrating,  pungent  odor; 
is  very  soluble  in  water ;  and  is  reduced  to  a  liquid  under  a  pressure  of 
eight  and  a  half  atmospheres  at  12°  (53.6°  F.).  Liquid  chlorin,  in  steel 
cylinders,  is  now  an  article  of  commerce.  Its  chief  use  is  as  a  bleach- 
ing and  disinfecting  agent. 

We  find  reference  in  medical  literature  to  seven  cases  of  accidental 
acute  poisoning  by  inhalation  of  chlorin  among  operatives  in  facto- 
ries where  the  gas  is  used,  or  from  generation  of  the  gas  from  chloride 
of  lime.'  A  quasi  criminal,  fatal  poisoning  by  chlorin  occurred  in 
New  York  State  in  1894,  in  which  an  aged  negress  lost  her  life  through 
the  pranks  of  some  college  students. 

Probably  the  most  accurate  description  of  the  symptoms  is  that 
given  by  Sury-Bienz :  The  man  had  inhaled  a  small  quantity  of  the  pure 
gas.  He  immediately  experienced  an  inclination  to  cough,  dyspnoea, 
and  a  stabbing  pain  in  the  chest.  He  was  seen  by  the  physician  the 
morning  after  the  accident  (which  had  occurred  during  the  night)  suf- 
fering from  severe  dyspnoea  and  coughing  constantly.  In  the  evening 
he  was  worse,  and  was  transferred  to  the  hospital.  The  next  morning 
the  dyspnoea  was  intense,  and  coughing,  with  little  expectoration,  was 
almost  uninterrupted.  The  patient  was  greatly  excited,  and  spoke 
with  great  difficulty.  The  heart  impulse  was  not  detectable,  but  the 
heart  sounds  were  clear.  Sibilant  rales  were  heard,  particularly  to 
the  right  and  above.  The  liver  dullness  was  normal.  The  urine  was 
brown-yellow,  clear,  and  without  albumin.  The  face  was  cyanosed. 
The  sputum  was  frothy  and  bloodless.  There  was  nothing  abnormal 
in  the  pharynx,  and  the  voice  was  clear  and  loud.  Toward  evening 
the  dyspnoea  increased  markedly;  every  respiratory  muscle  was  called 
into  play;  the  movements  of  respiration  were  short,  particularly  the  ex- 
piration. There  was  slight  cyanosis  and  the  pulse  was  very  frequent 
and  small.  At  10  p.  m.  the  patient  slept  quietly.  At  10.30  he  awoke 
and  threw  himself  about;  the  pulse  became  imperceptible;  there  were 
r^les  in  the  throat;  and  he  died  at  11  p.  m.,  about  forty-eight  hours  after 
the  inhalation. 

The  prominent  post-mortem  appearances  noted  in  the  above  case 
were:  rather  intense  inflammation  of  the  mucous  membrane  of  the 
upper  as  well  as  the  more  minute  air  passages;  marked  oedema  of  the 

'  Kastner:  Arch.  d.  Apoth.  Ver.,  Soc.   m6d.   Suisse   Rom.,    1876,    x., 

1826,    xviii.,    101.     A.    B.:   Lancet,  177.     Med.   Pr.   and  Circ,    Dublin, 

1839,  ii.,  194.     Meissner:  Ztschr.  f.  1880,  n.  s.,  xxix.,  245.     Sury-Bienz: 

Med.  Chir.  u.  Gebh.,  1862    n.  F.  i.,  Vrtljschr.  f.  ger.  Med.,   etc.,   1888, 

347.     Cameron:  [Dublin    Q.   J.     M.  n.  F.,  xlix.,  345. 
Sc,  1870,  xlix.,  116.     Baylon:  Bull. 
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lungs;  slight  catarrh  of  the  right  kidney;  severe,  acute  catarrh  of  the 
stomach  and  of  part  of  the  duodenum.  There  were  also  found  (of  an- 
terior origin)  marked  emphysema,  enlargement  of  the  heart,  with  some 
thickening  of  the  valves  of  the  right  side,  complete  destruction  of  the 
right  kidney,  and  chronic  catarrh  of  the  bladder.  The  death  was 
ascribed  to  cardiac  paralysis. 

In  Cameron's  case,  on  cutting  into  the  ventricles  of  the  brain,  a  very 
strong,  unmistakable  odor  of  chlorin  was  observed. 

Hypochlorites. — Mixtures  and  solutions  containing  hypochlorites 
are  extensively  used  in  bleaching  and  laundrying.  Those  most  fre- 
quently met  with  are:  Bleaching  fowd'eii=  chloride  of  lime,  a  white, 
rather  moist  powder,  made  by  treating  slaked  lime  with  chlorin,  and 
containing  calcium  hypochlorite,  Ca(C10)2,  with  some  calcium  chlorid 
and  excess  of  slaked  lime.  Labaeeaque's  80'lvtio'!<I'=  liquor  sodce 
chlorinatcB,  U.  S.  P. — a  faintly  greenish  liquid,  having  the  odor  of 
chlorin,  made,  by  adding  a  strong  solution  of  disodic  carbonate  to  bleach- 
ing powder  suspended  in  water.  It  contains  sodium  hypochlorite, 
NaClO.  Sodium  hypochlorite  may  also  be  produced  from  the  chlorid 
by  electrolysis,  if  the  temperature  be  not  allowed  to  rise.  Eau  de 
Javelle  =Javelle  water,  is  properly  the  potassium  compound,  corre- 
sponding to  that  of  sodium  contained  in  Labarraque's  solution.  Usually, 
however,  the  two  are  practically  identical. 

A  few  cases  of  intoxication  caused  by  swallowing  JaA-elle  water 
have  been  reported  in  France,'  one  a  homicide  in  which  a  child  of  six 
months  was  destroyed  by  eau  de  Javelle  forcibly  administered  by  its 
father.^  The  toxic  power  of  these  solutions  is  largely  due  to  the  excess 
'  of  alkali  which  they  contain,  and  the  symptoms  and  lesions  which  they 
cause  resemble  those  produced  by  the  fixed  alkalies. 

A  girl  made  an  unsuccessful  attempt  to  poison  a  familj'  by  chloride 
of  lime  in  Kings  County,  N.  Y.,  in  1888.  Kob^  reported  the  mm-der  of 
a  new-born  illegitimate  infant  by  its  mother  by  a  mixture  of  chloride  of 
lime  and  potash. 

Bromin. 

Bromin  is  a  dark  reddish-brown  liquid,  volatile  at  all  temperatures, 
gi^'ing  off  brown-red  vapors,  which  have  an  odor  similar  to  that  of 
chlorin,  and  a  like  effect  upon  the  air  passages.  It  is  soluble  in  water 
to  the  extent  of  3 . 2  parts  in  one  hundred  at  the  ordinary  temperature, 
the  solution  being  known  as  "bromin  water."     It  is  more  soluble  in 

'Tardieu:    "Empoisonnement,"       249.     Carles:     Ann.     d'hyg.,     etc., 
2eme  ed.,  1875,  285-292  (cases  iv.,       1876,  2  s.,  xlv.,  550. 
v.,  vi.).     Barbet  and  Brulatour:  J.  ^  Case  vi.,  Tardieu. 

d.  chim.  m6d.,  etc.,   1844,  2  s.,  x.,  '  ■\'rtljschr.     f.    ger.    Med.,    1904, 

3  F.,  xxvii.,  85. 
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alcohol  and  ether.  Its  chemical  characters  are  similar  to  those  of  the 
chlorin,  but  in  general  somewhat  less  energetic. 

We  find  in  medical  literature  but  five  instances  of  bromin  intoxi- 
cation. Two  of  these  were  suicidal:  one  that  of  a  man  of  twenty-four 
years,  a  daguerreotyper,  who  swallowed  an  ounce  of  undiluted  bromin, 
and  died  in  seven  and  one-half  hours;'  the  other  that  of  a  teacher,  who 
was  found  dead  under  circumstances  which  left  no  doubt  that  he  had 
swallowed  bromin.^  The  third  case  was  either  accidental  or  homicidal. 
It  was  that  of  a  child  of  one  and  three-quarter  years,  which  died  in  six 
days  from  the  inhalation  of  bromin  vapor.  The  question  whether  the 
accused,  a  photographer,  had  intentionally  caused  the  inhalation  was 
not  determined,  as  he  died  in  prison  during  the  inquiry.'  The  fourth 
case  was  the  result  of  ignorance  of  chemistry  on  the  part  of  a  shoe- 
maker in  practising  medicine.  A  child  of  ten  years  received  three 
doses  at  two  hours  interval  of  a  mixture  containing  potassium  bromid 
and  chlorin  water  in  such  quantities  that  the  child,  which  died  in  15 
hours,  must  have  received  0.203  gm.  of  free  bromin.^  Another  case  of 
severe  though  non-fatal  intoxication  of  a  young  man  of  nineteen  years 
by  inhalation  of  bromin  vapors  is  reported  by  Bruck.' 

In  Snell's  case  there  were  immediate  spasms  of  the  pharyngeal  and 
laryngeal  muscles  and  difficult  respiration,  and  soon  afterward  great 
anxiety,  restlessness,  pain  in  the  stomach,  and  tremors  of  the  hands. 
The  respiration  was  hurried  and  the  pulse  tense  and  corded.  The 
symptoms  increased  in  intensity;  the  extremities  became  cold,  the 
pulse  failed,  and  death  followed.  In  Kornfeld's  case  the  skin  below 
the  mouth  was  inflamed  and  yellow-brown.  The  voice  became  husky 
an  hour  after  the  inhalation,  and  remained  so  until  death.  Respiration 
was  difficult  and  abdominal.  Three  days  later  there  were  gastric  pain 
and  painful  deglutition;  and  in  the  evening  transitory  gnashing  of  the 
teeth  and  slight  contractions  of  the  fingers.  On  the  sixth  day  a  severe 
attack  of  dyspnoea  occurred  and  was  repeated  in  the  evening,  accom- 
panied by  cardiac  palpitation.  During  the  night  spasms  and  general 
convulsions  were  followed  by  death  in  complete  unconsciousness. 

In  Snell's  case,  in  which  the  autopsy  was  made  seventeen  hours 
after  death,  the  external  surface  of  the  stomach  was  found  vividly  in- 
jected, most  markedly  so  at  the  lesser  curvature;  near  the  middle  a 
soft  ecchymosed  spot  and  several  smaller  ones  posteriorly.  The  stom- 
ach contents  consisted  of  120  c.c.  (5iv.)  of  a  port- wine  colored  fluid,  hav- 
ing a  faint  odor  of  bromin.     The  mucous  surface  was  covered  with 

'  Snell:  N.  Y.  M.  Jour.,  1850,  v.,  ^  Kornfeld:Friedr.  Bl.  f.  ger.  Med., 

179.     Schapps:  Ihid.,  p.  340.  etc.,  1883,  xxxiv.,  228. 

^Sehmalfuss:     Vrtljschr.    f.    ger.  *  Hering:  Ztschr.  f.  Med.-Beamte, 

Med.,  etc.,  1889,  n.  F.,  1.,  Supplh.,  1889,  ii.,  217. 

37.  5  Apoth.  Ztg.,  1895,  No.  96,  p.  839. 
IV.— 22 
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a  thick  black  layer,  resembling  coarse  tanned  leather,  or  a  mixture  of 
lampblack  and  gum  arable.  The  submucous  tissue  was  intensely  in- 
jected. The  duodenum  was  vividly  injected.  Those  organs  nearest 
the  stomach  were  stained  j'ellow.  In  Schmalfuss'  case,  in  which  from 
ninety  to  one  hundred  hours  intervened  between  the  death  and  the  au- 
topsy, the  odor  of  bromin  was  perceptible  on  opening  the  abdomen. 
The  external  surface  of  the  intestines  and  peritoneum  were  coated 
with  a  brown-black,  smeary  mass.  The  posterior  wall  of  the  stomach 
was  entirely  absent,  only  shreds  of  the  pylorus  remained,  and  what 
was  left  of  the  stomach  and  contents  appeared  as  if  burnt.  The  con- 
tents of  the  small  intestine  were  yellow  or  orange,  and  had  a  distinct 
odor  of  bromin.  The  small  intestine  had  the  appearance  of  having 
been  cooked.  At  about  a  half  metre  from  the  pylorus  the  intestine  was 
perforated,  and  near  the  opening  in  the  peritoneum  was  a  yellowish 
mass  weighing  about  50  gm.  and  smelling  strongly  of  bromin.  As 
the  case  was  clearly  one  of  suicide  no  analysis  was  ordered,  but  bromin 
was  obtained  from  the  contents  of  the  intestine  by  distillation. 

The  analytical  method  which  should  be  followed  for  the  detection  of 
bromin  is  the  same  as  that  recommended  for  iodin.'  Free  bromin  may 
be  recognized  by  (1)  its  odor;  {2j  its  color  and  appearance;  (3)  the 
orange  and  yellow  color  of  its  solution  in  chloroform  or  carbon  bisul- 
fid;  (4)  the  brown  color  of  its  vapor;  (5)  it  colors  starch  pa.'^te  yellow 
or  orange;  (6)  with  phenol  it  forms  a  crystalline  precipitate  of  tri- 
bromophenol,  insoluble  in  water. 

Bromids  give  the  following  reactions:  1.  Silver  nitrate  produces 
a  faintly  yellowish-white  precipitate  of  silver  bromid,  which  is  insolu- 
ble in  nitric  acid,  sparingly  soluble  in  ammonium  hydroxid  solution, 
and  almost  insoluble  in  boiling  solution  of  ammonium  sesciuicarbonate.^ 
2.  Solution  of  palladious  nitrate  (but  not  that  of  the  chlorid)  forms 
in  concentrated  solutions  a  red-brown  precipitate  of  palladious  bromid 
(PdBrj).  3.  If  chlorin  water  be  added  to  a  solution  of  a  bromid, 
the  bromin  is  liberated  and  colors  the  liquid  darker  yellow  or  orange. 
If  it  be  then  shaken  with  carbon  bisulfid  or  chloroform,  these  dissolve 
the  bromin,  forming  reddish-yellow  solutions.  4.  Bromin  similarly 
liberated  by  chlorin  water  from  bromids  responds  to  the  other  tests 
for  free  bromin  given  above. 

lODIN. 

lodin  is  a  blue-gray  solid,  forming  crystalline  scales  which  have 

something  of  a  metallic  lustre.     Specific  gravity  4.94S.     It  is  volatile  at 

all   temperatures,   and  if  heated  gives  off  a  dark  violet-colored  vapor 

whose  odor  somewhat  resembles  that  of  bromin.     It  is  but  sparingly 

'  See  p.  343.  -See  p.  343,  note  3. 
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soluble  in  water,  but  water  standing  upon  excess  of  iodin  continues  to 
dissolve  it  by  formation  of  hydriodic  acid.  Its  solubility  in  water  is 
greatly  increased  by  the  presence  of  hydriodic  acid  or  of  certain  salts, 
notably  potassium  iodid.  It  dissolves  readily  in  alcohol  or  ether,  form- 
ing brown  solutions ;  or  in  chloroform  or  carbon  bisulfid,  forming  violet- 
colored  solutions.  Its  chemical  characters  are  similar  to  those  of  chlorin 
and  bromin,  but  less  pronounced.     Its  atomic  weight  is  126.97. 

Elementary  iodin  is  used  medicinally  in  solution  as  Tinctura  iodi, 
U.  S.  P.,  an  alcoholic  solution  containing  eight  parts  of  iodin  in  one 
hundred  parts;  and  as  Liquor  iodi  corny.,  U.  S.  P.,  or  Lugol's  solu- 
tion, an  aqueous  solution  containing  five  parts  of  iodin  and  ten  of  po- 
tassium iodid  in  one  hundred  parts.  The  so-called  "colorless  tincture 
of  iodin"  contains  no  free  iodin,  but  triethylamin,  ethyl  iodid,  and 
ammonium  iodid,  along  with  alcohol  and  some  free  ammonia.  Iodin 
in  combination  is  also  extensively  used  in  medicine:  in  metallic  com- 
bination in  the  iodids  of  the  alkalies,  and  of  zinc,  iron,  and  mercury, 
and  in  more  recent  times  as  iodin  trichlorid  and  tribromid,  and  sulfur 
iodid;  and  in  organic  combination  as  iodoform,  CHI3,  iodol  (tetri- 
odopyrrole,  CjIjNH),  iodal  (monoiodaldehyde,  C2H3IO),  diiodoform 
(ethylene  periodid,  carbon  tetriodid,  CI4),  iodoglycerol,  iodalbuminate, 
and  iodocasein,  in  all  of  which  the  therapeutic  action  depends  largely 
if  not  entirely  upon  the  iodin  present.  Iodin  exists  in  minute  quantity 
in  the  tissues  of  all  plants  and  vegetables  inhabiting  the  sea.  A  stable 
compound  containing  iodin,  called  thyroiodin,  also  exists  in  a  globulin, 
thyreoglobulin,  in  animal  bodies,  principally  in  the  thyroid  gland,  but 
also  in  lesser  proportion  in  the  liver,  kidneys,  ovaries  and  epidermic 
tissues.  This  substance  appears  to  exert  a  protective  function  in 
preventing  the  toxic  effects,  tetanus,  myxoedema,  cretinism,  which  are 
manifested  after  total  extirpation  of  the  thyroid. 

Acute  iodin  intoxication  caused  by  free  iodin  or  its  solutions  is  of 
comparatively  rare  occurrence.  We  have  met  with  31  cases  in  med- 
ical literature.  Of  these  the  majority,  20,  were  accidental;  5  were  chil- 
dren who  drank  from  carelessly  exposed  bottles  of  the  tincture;  2 
were  adults  who  took  the  tincture  in  mistake  for  internal  remedies; 
and  the  remaining  11  were  cases  of  medical  poisoning  by  solutions 
of  iodin,  either  given  internally,  applied  to  the  surface,  or  injected  into 
cavities,  abscesses,  or  tumors.  Nine  were  attempts  at  suicide,  5  of 
which  were  successful.  Two  were  unsuccessful  attempts  at  homi- 
cide. One  of  these  is  mentioned  by  Taylor:'  an  attempt  by  a  woman 
to  poison  a  fellow  servant  by  tincture  of  iodin  added  to  food  in  a  plate. 
The  deep  blue  color  produced  by  the  iodin  with  the  farinaceous  food 
attracted  attention  and  frustrated  the  attempt.     The  other  was  an  at- 

I  "Poisons,"  3d  Amer.  ed.,  2S.5. 
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tempt  by  a  girl  to  destroy  her  illegitimate  child  by  administration  of  the 
tincture.' 

The  action  of  elementary  iodin  is  rather  that  of  a  true  poison  than 
that  of  a  corrosive,  although  it  combines  with  albuminous  substances, 
and  thus  acts  locally  upon  tissues  with  which  it  is  brought  in 
contact.  The  gastric  symptoms  which  it  produces  appear  to  be  due 
quite  as  much  to  its  action  through  the  blood  as  to  its  action  from  the 
stomach  directly.  Rose^  found  in  a  woman  who  received  10  gm.  of 
iodin  (5iiss.)  daily,  injected  into  an  ovarian  cyst  in  the  form  of  Lugol's 
solution,  that  during  the  first  days  about  4  gm.  ( 5  '•)  '^^'as  daily  ex- 
pelled in  the  vomit,  which  contained  free  iodin,  while  at  no  time  did 
the  urine  contain  iodin,  except  in  combination.  Iodin  also  exerts  a 
marked  influence  upon  the  circulation  and  upon  the  blood.  Pellacani' 
has  shown  that  iodin  acts  upon  the  blood  corpuscles  and  enters  into 
combination  with  the  liberated  haemoglobin. 

On  contact  with  the  skin  iodin  produces  a  brown  stain,  and,  if  the 
action  be  more  intense,  a  sluggish  dermatitis  which  may  become  puru- 
lent. Death  has  been  caused  by  the  systemic  disturbance  resulting  from 
too  extensive  an  application  of  the  tincture  to  the  skin  in  at  least  two  in- 
stances: one  a  boy  of  eleven  years,*  the  other  a  boy  of  seventeen  years. ° 

As  an  example  of  the  symptoms  in  a  fatal  case  of  acute  poisoning  by 
iodin  we  may  cite  the  suicidal  case  reported  by  Hermann'  of  a  man 
of  thirty-eight  years,  who  died  in  thirty-three  hours  from  the  effects 
of  60  gm.  (5ij.)  of  tincture  of  iodin.  He  immediately  experienced 
burning  pain  in  the  gullet,  which  extended  downward  and  became 
most  severe  in  the  stomach.  He  vomited  and  had  liquid  stools.  In 
two  and  a  half  hours  he  was  admitted  into  the  hospital:  face  pale, 
pupils  moderately  dilated,  sensitive  to  light,  surface  cool;  severe  ab- 
dominal pain,  not  increased  by  pressure;  mouth  pale  and  drj^;  lips  not 
cyanosed;  posterior  wall  of  pharynx  dry,  slightly  reddened;  expired 
air  had  strong  odor  of  iodin,  particularly  during  and  after  vomiting. 
He  was  perfectly  conscious ;  no  stupor,  no  loss  of  perception,  no  inco- 
herence of  ideas,  no  sensory  disturbance,  except  buzzing  in  the  ears  and 
a  sense  of  heaviness  in  the  head.  Complained  only  of  great  praecordial 
anxiety,  which  caused  him  to  change  his  position  constantly.  Collapse 
and  prostration,  but  not  to  the  extent  of  fainting.  Respiration  some- 
what accelerated.     Radial  artery  seemed  like  a  hard,  thin  cord  without 

'  Laennec:  Ann.  d'hyg., etc.,  1S83,  '"Sulla  tossicologia del iodio,"  Mi- 

3   s.,   ix.,   534.     In  Tardieu's  table  lano,  1884. 

of    criminal    poisonings    in    France  *  Culpepper:    Therap.  Gaz.,    De- 

during  1851-71   one  by  tincture  of  troit,  1888,  3  s.,  iv.,  225. 
iodin  is  included.     No  particulars.  "  Gillespie:  Med.  Times  and  Gaz., 

2  Arch.  f.  path.  Anat.,  etc.,  1866,  1864,  ii.,  488. 
xxxv.,  12.  «at.    Petersb.    med.    Wchnschr., 

1868,  XV.,  336. 
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pulsation;  carotid  pulse  weak,  small,  120;  heart's  action  irregular  and 
tempestuous.  In  first  few  hours  quick  vomiting,  preceded  by  retching 
every  ten  to  fifteen  minutes;  later  at  long  intervals.  Vomit  at  first 
dark;  after  administration  of  starch  and  magnesia  faintly  blue,  rather 
white,  thin  and  fluid.  Vomiting  provoked  by  drinking  or  by  slight 
movement.  Stools  after  colic  and  straining  thin  and  brownish, :  smell- 
ing of  iodin.  After  a  sleepless  night,  the  prsecordial  anxiety  and  de- 
rangement of  respiration  had  increased;  radial  pulse  very  small,  132; 
marked  collapse;  speech  stuttering  and  voice  hoarse;  thirst  intense; 
deglutition  difficult;  epigastric  pain  severe,  and  extended  to  the  dis- 
tended abdomen,  back,  and  oesophagus.  Vomiting  less  frequent,  but 
vomit  contained  considerable  pure  blood,  as  did  the  faeces.  Of  urine, 
barely  three  tablespoonfuls  in  twenty-four  hours,  dark  red-brown,  had 
strong  odor  of  iodin,  and  resembled  tincture  of  iodin  in  appearance. 
Patient  very  uneasy  but  conscious,  and  died  almost  without  a  struggle. 

The  presence  of  free  iodin  in  the  urine  in  this  case  (verified  by 
analysis  of  that  from  the  cadaver)  is  a  condition  different  from  that 
observed  in  Rose's  case,  in  which  the  urine,  while  containing  iodids, 
was  free  from  elementary  iodin. 

In  more  prolonged  cases  death  is  the  result  of  changes  caused  by 
the  truly  poisonous  action,  resulting  in  part  from  the  destruction  of 
gastric  follicles  as  a  result  of  their  eliminatory  action  and  the  disturbance , 
of  the  circulation.  Thus  in  a  woman  who  took  thirty  drops  of  tincture 
of  iodin  three  times  daily  (in  all  60  gm.  of  the  tincture)  and  who  became 
greatly  emaciated,  large  furuncles  appeared  on  the  breast  and  shoulder 
blades,  with  great  inflammation  in  their  neighborhood.  Warm  com- 
presses caused  separation  of  the  furuncles  as  hard,  nodular  bodies; 
leaving  deep,  painless,  but  non-granulating  ulcers.  Soon  after  gan- 
grenous inflammation  began  at  one  great  toe  and  extended  upward 
rapidly,  whereof  she  died.' 

The  smallest  dose  taken  internally  which  has  been  known  to  cause 
the  death  of  an  adult  was  one  drachm  (3.9  gm.)  ;^  and  a  child  of  four 
years  died  from  the  effects  of  twenty  grains  (1.3  gm.).^  Probably  less 
quantities  might  prove  fatal. 

When  a  solution  of  iodin  has  been  swallowed,  solution  of  sodium 
thiosulfate  should  be  given  and  the  stomach  washed  out  with  water 
containing  albumin  and  starch  paste,  or  water  holding  sodium  thio- 
sulfate in  solution.  In  one  instance  threatened  death  from  oedema  of 
the  glottis  was  averted  by  tracheotomy.* 

'Lewin:  "Neb enwirkung  der  ^Jackson:  Prov.  M.  J.,   1847,  p. 

Arzneimittel,"    2te   Aufll.,    1893,    p.  356. 

383,  which  also  contains  an  exten-  ^  Gairdner:  "Essay  on  the  Effects 

give  account  of  the  varied  symptoms  of  Iodin,"  1824,  p.  20. 

observed  in  toxic  but  non-fatal  *Kobert:  "Intoxikationen,"  375. 
cases. 
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After  death  from  iodin,  the  skin  and  mucous  membranes  which  have 
been  touched  by  the  solution  may  be  stained  brown.  In  Hermann's 
case,  however,  there  were  only  orange-yellow  spots  on  the  tonsils,  con- 
sisting of  a  detachable  membrane  which  extended  to  the  pharynx  and 
oesophagus.  The  tracheal  mucous  membrane  is  eroded,  and  the  sub- 
mucous tissue  red  and  (Edematous,  the  bronchi  to  the  finest  capillaries 
are  inflamed  and  filled  with  thick  mucus;  intense  emphysema  is  present; 
the  parenchyma  of  the  lungs  is  bloodless.  The  oesophagus  throughout 
is  covered  with  orange-yellow,  mucoid  liquid.  The  stomach  contains 
an  orange-colored  mucoid  liquid;  its  mucous  membrane  is  of  the  same 
color,  finely  punctate  and  swollen.  The  same  appearance  presents  in 
the  duodenum.  The  liver  is  large,  cirrhotic,  and  icteric.  Kidneys 
large;  substance  of  parenchyma  hard,  hypersemic.  Bladder  contracted, 
contains  a  small  quantity  of  liquid  having  the  color  and  odor  of  iodin. 

When  free  iodin  has  been  absorbed  it  may  be  detected,  either  free  or 
in  combination,  in  the  contents  of  the  stomach  and  intestines,  in  small 
quantity  in  the  faeces,  in  all  secretions,  urine,  perspiration,  tears,  saliva, 
etc.,  in  pathological  exudations  if  present,  and  in  the  expired  air. 
The  bile  only  contains  iodin  in  detectable  quantity  when  it  has  entered 
the  circulation  in  large  amount  at  one  time.'  Its  excretion  does  not 
take  place  with  great  rapidity,  probably  because  iodin  is  eliminated  by 
the  gastric  mucous  membrane  and  again  absorbed  from  the  intestine, 
very  little  being  contained  in  the  faeces.  The  duration  of  its  sojourn  in 
the  body  has  been  found  to  be  from  forty-five  to  one  hundred  and 
forty-nine  hours.  ^ 

Iodin  has  been  detected  and  determined  in  several  cases  of  poisoning 
in  the  human  subject.  In  Hermann's  case*  (death  thirty-three  hours 
after  two  ounces  of  tincture  of  iodin)  91.3  gm.  of  stomach  contents 
yielded  0.0182  gm.  iodin,  and  a  like  quantity  of  blood  from  the  liver, 
0.0209  gm.  The  large  intestine  contained  about  as  much  as  the  stomach 
contents;  the  small  intestine  a  decidedly  smaller  quantity;  the  urine 
gave  a  distinct  iodin  reaction.  The  quantity  could  not  be  determined 
in  the  small  amount  of  urine  from  the  cadaver,  and  that  passed  during 
life  was  lost.  The  bile  contained  no  trace  of  iodin.  The  urine  passed 
by  a  woman  on  the  second  day  of  poisoning  by  tincture  of  iodin  was 
found  by  Huber^  to  contain  0.2781  gm.  of  iodin  in  500  c.c,  while 
1.300  c.c.  of  vomit  contained  0.013  gm.  In  a  woman  who  attempted 
suicide  with  tincture  of  iodin,  the  breath  had  the  odor  of  iodin  in  half 
an  hour.  Iodin  was  detected  in  the  vomit,  and  in  the  urine  of  the  sec- 
ond day,  but  none  in  the  urine  of  the  third  day.  There  was  no  trace  of 
iodin  in  the  fajces  passed  on  the  fourth  day.     The  ciuantity  taken  was 

'Rozsahegyi:  Ph.   Jahrbr.,    1878  '  hoc.  cU. 

.^(iS.     Hermann:  Loc.  C(«.  ■"  Ztschr.  f.   kl.  Med.,  ISSS,    xiv., 

'  Rozsahegyi:  Loc.  cit.  471. 
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about  1  gm.  of  iodin.'  In  Rose's  case,  already  referred  to,  iodin  was 
never  found  free  in  the  urine,  but  was  found  in  the  vomit  of  tlie  first 
few  days.  The  urine  passed  by  a  child  while  suffering  from  the  effects 
of  an  overdose  of  tincture  of  iodin  was  found  by  Stewart  and  Gulliver- 
to  contain  iodin  in  combination,  but  not  free.  It  also  contained  indican, 
a  large  excess  of  urea,  and  a  large  quantity  of  mucin,  but  no  albumin. 
Its  reaction  was  strongly  acid. 

If  present  in  notable  amount,  iodin  may  be  directly  recognized  in 
the  urine  or  other  liquid  by  agitation  with  chloroform,  or  preferably, 
with  carbon  bisulfid,  which  is  colored  violet  by  free  iodin,  but  not  by 
iodids.  The  color  is  only  produced  by  the  latter  if  the  liquid  be  agitated 
with  chloroform  or  bisulfid  after  addition  of  yellow  nitric  acid  or  of 
chlorin  water. 

The  materials  are  to  be  distilled  with  water,  the  receiver  being  cooled 
with  ice.  If  iodin  be  present  in  sufficient  amount  the  vapor  may  have 
a  violet  color,  and  a  paper  moistened  with  cold  starch  paste  and  exposed 
to  the  vapor  will  be  colored  blue.  After  distillation  of  the  free  iodin 
the  materials  are  to  be  dried  with  potassium  hydroxid  and  sodium 
nitrate  in  a  silver  crucible,  and  incinerated  at  as  low  a  temperature  as 
possible.  The  ash  is  extracted  with  alcohol,  the  solution  evaporated,  the 
residue  dissolved  in  water,  the  solution  acidulated  strongly  with  sul- 
furic acid,  and  potassium  dichromate  or  manganese  dioxid  added,  and 
the  mixture  again  distilled.  Iodin  which  existed  in  metallic  combina- 
tion (iodids)  will  pass  over  in  this  distillate. 

Free  iodin  may  be  recognized  by:  (1)  its  odor;  (2)  the  violet  color 
of  its  vapor;  (3)  the  violet  color  of  its  solution  in  carbon  bisulfid  or 
chloroform;  (4)  it  colors  cold  starch  paste  dark  blue,  the  color  disap- 
pearing on  the  application  of  heat  and  reappearing  on  cooling;  (5)  if 
present  in  sufficient  amount  it  separates  in  the  distillate  in  its  character- 
istic solid  form.  If  too  large  a  quantity  of  chlorin  has  been  generated 
in  the  second  stage  of  the  process  above  described,  iodin  trichlorid  will 
be  produced,  which  does  not  give  the  above  reactions.  In  that  event 
enough  caustic  potash  is  to  be  added  to  the  distillate  to  decolorize  it, 
the  liquid  evaporated,  the  residue  ignited,  and  dissolved  in  water,  and 
the  solution  tested  for  iodids. 

The  iodids  are  recognized  by  1.  Silver  nitrate  produces  a  flocculent, 
yellowish-white  precipitate  of  silver  iodid  (Agl),  insoluble  in  nitric 
acid,  very  sparingly  soluble  in  ammonium  hydroxid,  and  insoluble  in 
a  boiling  solution  of  ammonium  sesquicarbonate.'     2.  A  solution  of 

'  Malmsten:    Hygiea,    Stockh.,  solving  one  part  of  transparent  com- 

1885,  xlvii.,  119.  mercial     ammonium    carbonate    in 

^Ord:    Brit.    M.    Jour.,    1877,   i.,  nine  parts  of  water  at  the  ordinary 

671 .  temperature,  and  adding  five  drops  of 

'  This    solution,    which    dissolves  ammonium  hydroxid  solution  of  sp. 

silver  chlorid,   is  prepared   by  dis-  gr.  0.96  to  each  10  c.c.  of  the  liquid. 
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palladious  chlorid  or  nitrate  produces  a  brown  precipitate  of  palladious 
iodid  (PdlJ,  which  is  sparingly  soluble  in  solutions  of  chlorids,  but 
almost  insoluble  in  cold  dilute  hydrochloric  or  nitric  acid.  3.  A  solu- 
tion of  one  part  of  cupric  sulfate  and  one  and  a  half  parts  of  ferrous 
sulfate  produces  a  dirty  white  precipitate  of  cuprous  iodid  (CujIJ  in 
neutral,  watery  solutions.  4.  Add  to  the  liquid  a  little  dilute  starch 
paste  and  a  few  drops  of  dilute  sulfuric  acid  and  a  little  yellow  nitric 
acid;  the  liberated  iodin  colors  the  liquid  blue  or  black,  the  color  dis- 
appearing on  the  application  of  heat.  5.  Add  a  little  sulfuric  acid  and 
some  yellow  nitric  acid  and  agitate  with  carbon  bisulfid,  the  latter  is 
colored  violet. 

The  quantity  of  iodin  may  be  determined  from  that  of  the  palladious 
iodid.  This  is  collected  on  a  weighed  filter  after  standing  twenty-four 
hours,  washed  in  succession  with  water,  alcohol,  and  ether,  dried  at  a 
temperature  of  80°  (187°  F.),  and  weighed.  Afterward  the  filter  is 
burnt  in  a  porcelain  crucible,  ignited,  and  the  remaining  palladium 
weighed:  one  hundred  parts  of  palladious  iodid  correspond  to  68.67 
parts  of  iodin,  and  one  hundred  parts  of  palladium  to  259  parts  of  iodin. 
Or  the  iodin  or  iodid  may  be  determined  volumetrically  by  the  methods 
of  Harnack,'  Hilger,^  Rose,'  or  Jaworowski.^ 

1  Ztschr.  f.  physiol.  Chem.,  1884,       298;    Ann.    d.    Ch.    u.    Ph.,     1874. 
viii.,    158;    Berlin,    kl.    Wchnschr.,       clxxi.,  212. 

1882,  xix.,  788.  'Arch.  f.  path.  Anat.,  etc.,  1866, 

2  N.    Rep.    of   Ph.,    1874,    xxiii.,      xxxv.,  12. 

"Ph.  Ztschr.  f.  Russl.,  1893,  819. 


MINERAL  POISONS. 
ANTIMONIALS. 

The  native  black  sulfid  of  antimony  was  known  to  the  an- 
cients, and  was  used  by  them  as  a  cosmetic  for  staining  the 
eyebrows  and  eyelashes,  and  also  in  the  form  of  ointment  for 
external  application.  Its  Latin  name  stibium  is  derived  from 
the  Greek  o-Tt/i,/Ai  or  a-rifii.^  In  the  latter  part  of  the  sixteenth 
century  the  first  description  of  elementary  antimony  and  of 
many  of  its  preparations,  including  the  trioxid  and  oxychlorid, 
was  published  in  a  work  attributed  to  Basil  Valentine,  in  which, 
however,  the  element  is  constantly  referred  to  as  a  substance 
long  known. ^  Tartar  emetic  was  discovered  and  first  used  as  a 
medicine  by  Adrian  van  Mynsicht  in  1631. 

The  internal  administration  of  antimonials  by  physicians 
dates  from  the  latter  part  of  the  sixteenth  century.  It  was 
chiefly  to  the  medical  use  of  antimony  and  mercury  that  the 
acrid  discussions  between  the  iatrochemists  and  Galenists  of 
that  time  related.  The  former  adopted  the  view  of  Paracelsus, 
that  a  poison  might  be  beneficially  used  as  a  medicine,  while 
the  latter  insisted  that  a  poisonous  substance  was  such  under  all 
circumstances,  and  inadmissible  in  medical  practice.  In  many 
European  countries  for  over  a  century  antimonials  were  only 
administered  in  violation  of  laws.^ 

■  Ezekiel  xxiii.   40.     Dioscorides:  following  a  decree  of  the  medical 

"Materia     medica,"     v.      99;     Ed.  faculty,    passed    an  enactment  de- 

Frankof.,     1598,     p.     361.     Pliny:  daring  antimony  to  be  a  poison  and 

"Hist,  nat.,"  xxxiii.,  33,  34;  xxix.,  forbidding  its  use.     This  remained 

37.     Dioscorides  also  designates  it  in  force  until  1666,  and  a  half-cen- 

TrXarvbipBaXiMv  and  yvvaiKuov.  tury  later,  in  1719,  the  French  Gov- 

^  "Triumph    Wagen    Antimonii,"  ernment  paid  a  goodly  gum  to  de  la 

Fratris  BasiHi  Valentini,  Benedicter  Ligerie  for  the  secret  of  the  prepara- 

Ordens,  Ed.  Johan  Tholden,  Leipzig,  tion  of  Kermes   (a   preparation   of 

1624,  pp.   116-136,   172,  et  ■passim.  antimony)  that  it  might  be  used  as 

For    a    discussion    concerning    the  a    medicine.     From    1580    to    1655 

authorship  of  this  work  see  Kopp:  every  graduate  in  medicine  at  Hei- 

"  Beitr.   z.    Gesch.   d.   Chem.,"   iii.,  delberg  took  oath  that  he  would  not 

110-129.  administer  antimony  or  mercury. 

'  The  parliament  of  Paris  in  1566, 
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Although  Grevin  in  1568  wrote  that  "there  is  no  poison  by 
which  one  might  more  secretly  poison  a  man,"^  he  cites  no  case. 
The  first  investigation  of  a  death  supposed  to  have  been  caused 
by  antimony  is  given  by  Zacchias,^  who,  however,  declares 
that  antimony,  borax,  oleander,  and  savin,  administered  by  the 
accused  to  produce  abortion,  are  not  poisons.  The  earliest  re- 
cordecl  case  of  death  from  tartar  emetic  was  that  of  an  epileptic 
child  in  1682.^ 

If  we  exclude  poisonings  by  antimony  among  operatives  ex- 
posed to  inhalation  of  antimonial  fumes,*  all  modern  instances 
of  antimonial  poisoning  of  which  we  have  knowledge,  save  two, 
have  been  caused  either  by  the  trichlorid  or  by  tartar  emetic.^ 
The  exception  referred  to  is  the  non-fatal  poisoning  of  a  young 
girl  and  two  children,  reported  by  Page,*  caused  by  lozenges 
purchased  of  an  itinerant  confectioner,  and  found  on  analysis  to 
contain  0.015  gm.  (half  grain)  of  antimony  trioxid  each.  The 
antimony  appears  to  have  been  present  as  trioxid  and  not  as 
tartar  emetic.  In  what  manner  it  got-  into  the  lozenges  is  un- 
known. Lesser^  records  the  case  of  a  boy  of  twelve  and  one- 
half  years  who  died  in  about  twenty-eight  hours  after  eating  a 
piece  weighing  1.75  gm.  of  a  salt  composed  of  antimony  and 
sodium  fluorids,  containing  40.48  per  cent,  of  antimony  and  used 
as  a  substitute  for  tartar  emetic  in  dyeing. 

Chemical  and  Pharmaceutical. 

Antimony — Sb — atomic  weight,  120.193 — specific  gravity,  6.175 
—fuses  at  450°  (842°  F.). 

Elementary  antimony  is  a  bluish-gray,  brittle  solid,  having  a  me- 
tallic lustre,  readily  crystallizable,  tasteless  and  odorless;  volatilizes 
at  a  red  heat,  and  may  be  distilled  in  an  atmosphere  of  hydrogen. 
When  deposited  from  decomposition  of  its  hydrogen  compound,  as  in 
the  Marsh  test,  antimony  is  amorphous  and  has  a  dull  sih'ery  lustre. 

^  "Deux  livres  des  Venins,"  An-  (glass    of    antimony).     Zacchias: 

vers,  1568,  p.  322.  "Qusest.     Med.-lcg.,"     ed.     Venet., 

=  "Quaest.  med.-leg.,"  ed.  Venet.,  1737,    iii.,    19,    28    (native    sulfid). 

1737,  iii.,  19.  Hasenest:  "  Medicin.  Richter,"  1755, 

'"Zodiacus   med.-gall.,"   Genevan  p.    151    (glass    of    antimony),    and 

(1682),  1685,  iv.,  40-42,  others.     See  Wibmer:  "  Wirkung  d. 

*  See  Lohmeier:   Wchnschr.  f.  d.  Arznm.,"  v.,  200,  202,  208. 
ges.  Heilk.,  1840,  265,  286.  «  Lancet,  1879,  i.,  699. 

*  Early  poisonings  by  other  anti-  '  Vrtljschr.     f.    ger.    Med.,    1898, 
menials  are  mentioned  by  Wepfer:  3  F.,  xvi,  93. 

"Hist.  Cicut.  Aquat.,"  1716,  p.  254 
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Antimony  is  not  altered  in  dry  or  moist  air  at  the  ordinary'  tem- 
perature. When  sufficiently  heated  in  air  it  burns,  with  formation  of 
the  trioxid.  It  unites  with  hydrogen  under  the  same  conditions  as 
arsenic  does.  Cold,  dilute  sulfuric  acid  does  not  affect  it,  but  the  hot, 
concentrated  acid  forms  with  it  antimonyl  sulfate  (SbO)2S04,  and  sulfur 
dioxid.  Hot  concentrated  hydrochloric  acid  dissolves  it  very  slowly 
when  it  is  finely  divided.  Nitric  acid  oxidizes  it  with  formation  of  an 
oxid  or  of  antimonic  acid.  It  dissolves  readily  in  aqua  regia,  as  the 
trichlorid  or  pentachlorid.  It  is  not  affected  by  solutions  of  the  alkaline 
hydroxids,  but  is  dissolved  by  solutions  of  potassium  or  sodium  sulfid. 

Elementary  antimony  enters  into  the  composition  of  type  metal 
(twenty  to  twenty-five  per  cent.),  Britannia  metal  (ten  to  sixteen  per 
cent.) ;  pewter  (seven  per  cent.) ;  anti-friction  alloys  (ten  to  nineteen 
and  a  half  per,  cent.),  and  in  small  amount  in  brass,  bell-metal,  and 
speculum  metal. 

Hydrogen  Antimonid — stihin,  antimoniuretted  hydrogen,  sti- 
bamin,  stibonia — SbHj — 123.2. 

Is  produced  (along  with  hydrogen)  when  a  compound  of  antimony 
is  in  presence  of  nascent  hydrogen,  under  the  same  conditions  as  the 
corresponding  compound  of  arsenic  is  formed ;  and  may  be  obtained 
in  larger  quantity  by  acting  upon  an  alloy  of  four  hundred  parts  of  two 
per  cent,  sodium  amalgam  and  eight  parts  of  freshly  reduced  and  dried 
antimony  with  water  in  a  current  of  carbon  dioxid. 

It  is  a  colorless,  odorless,  tasteless,  combustible  gas,  subject  to  the 
same  decompositions  as  hydrogen  arsenid,  from  which  it  differs  in 
being  by  no  means  so  poisonous,'  in  not  possessing  the  garlic  odor  of 
the  arsenical  gas,  and  in  its  action  upon  silver  nitrate  solution.  Hy- 
drogen antimonid,  arsenid,  phosphid,  and  sulfid,  all  color  dry  siher 
nitrate  yellow,  from  the  formation  of  double  compounds  of  silver  nitrate 
with  silver  antimonid,  ars.enid,  phosphid,  or  sulfid.  All  of  these  com- 
pounds are  decomposed  and  turned  black  by  water,  those  containing 
arsenic  or  phosphorus  instantly,  those  of  sulfur  and  antimony  slowly. 
These  gases  also  cause  the  formation  of  black  deposits  in  solution  of 
silver  nitrate.  In  the  case  of  the  arsenical  gas  all  of  the  arsenic  remains 
in  the  solution  in  the  form  of  silver  arsenite,  which  may  be  precipitated 
by  neutralizing  with  ammonium  hydroxid,  and  the  deposit  consists  of 
metallic  silver;  while  with  the  other  gases  the  antimony,  phosphorus,  or 
sulfur  is  entirely  contained  in  combination  with  silver  in  the  deposit. 
(See  Analysis,  p.  376,  and  Arsenic,  pp.  613,  618.) 

Antimony  Trioxid— SbjOa— 288.4. 

It  is  an  insoluble,  tasteless,  odorless  powder;  white  at  ordinary  tem- 

I  See  Hanon:  Gaz.  d.  hop.,  Paris,       f.   exp.  Path.   u.  Ph.,   1890,   xxvii., 
1860,    xxxiii.,    46.     Kubeler:   Arch.       451. 
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peratures,  yellow  when  heated.  Crystallizes  in  rhombic  prisms,  trans- 
parent and  having  a  pearly  lustre,  and  sometimes  in  octahedra.  It  is 
therefore  isodimorphous  with  arsenic  trioxid  (see  Reinsch  test,  p.  601) ; 
specific  gravity,  5.2  to  5.778.  At  a  dull-red  heat  it  fuses  to  a  yellowish 
liquid,  which,  on  cooling,  forms  a  crystalline  mass  having  a  silky  lustre. 
At  a  higher  temperature  it  volatilizes  and  condenses,  in  the  absence  of 
air,  in  prismatic  needles. 

Antimony  Tetroxid — intermediate  oxid  of  antimony — anti- 
mony antimonate — Sb204— ^304.24. 

Is  formed  when  the  oxids  or  hydroxids  of  antimony  are  strongly 
heated,  or  when  the  lower  oxid  or  the  sulfids  are  oxidized  with  nitric 
acid  or  by  fusion  with  sodium  nitrate.  It  is  a  white  powder,  very 
sparingly  soluble  in  water,  with  which  it  forms  a  solution  acid  in 
reaction. 

Antimony  Acids. 

The  normal  antimonous  acid,  HjSbOj,  is  unknown,  but  the  series 
of  antimonic  acids:  ortho-  HjSbO^,  pyro-  H^SbjO,,  and  meta-  HSbOj, 
is  complete,  either  in  the  form  of  salts  or  in  that  of  the  free  acids. 
There  also  exists,  in  its  sodium  salt,  a  derivation  of  the  lacking  anti- 
monous acid:  metantimonous  acid,  HSbOj.  The  insolubility  of  monosodic 
pyroantimonate  NasHjSbjO,,  6  Aq.,  is  also  taken  advantage  of  in 
Meyer's  method  for  the  separation  of  antimony  and  arsenic  (see  p.  372). 

Antimony  Trichlorid — protochlorid  of  antimony — butter  of 
antimony — SbClj — 226.55. 

Is  obtained  by  passing  dry  chlorin  over  excess  of  antimony  trisulfid ; 
by  dissolving  antimony  trisulfid  in  hydrochloric  acid,  or  by  distilling 
mixtures,  either  of  antimony  trisulfid  or  of  antimony  with  mercuric 
chlorid,  or  of  antimonyl  pyrosulfate  and  sodium  chlorid. 

At  low  temperatures  it  is  a  solid,  crystalline  body;  at  the  ordinary- 
temperature  a  yellow,  semi-solid  mass,  resembling  butter;  at  73°. 2 
(164°  F.)  it  fuses  to  a  yellow,  oily  Hquid,  which  boils  at  223°  (433.4°  F.), 
forming  a  colorless  vapor.  It  absorbs  moisture  from  the  air,  and  is 
soluble  in  a  small  quantity  of  water.  With  a  larger  quantity  of  water 
it  is  decomposed,  with  precipitation  of  a  white  powder,  powder  of 
Algaroth,  whose  composition  is  SbOCl  if  cold  water  be  used,  and  SbjOsClj 
if  the  water  be  boihng.  In  water  containing  fifteen  per  cent,  or  more 
of  hydrochloric  acid,  antimony  trichlorid  is  soluble  without  decom- 
position. 

Antimony  Trisulfid — sesquisulfid  of  antimony — black  anti- 
mony— SbjSs — 336.48. 

Is  the  chief  ore  of  antimony,  and  is  formed  when  hydrogen  sulfid 
is  passed  through  a  solution  of  tartar  emetic.  The  native  sulfid  is  steel- 
gray;  the  artificial  product,  an  orange-red  or  brownish-red  amorphous 
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powder.  The  precipitate  obtained  when  hydrogen  sulfid  acts  upon  a 
solution  of  an  antimonial  compound  is,  according  to  circumstances,  the 
trisulfid  or  pentasulfid,  mixed  with  free  sulfur.  Hydrochloric  acid 
decomposes  antimony  trisulfid,  with  formation  of  hydrogen  sulfid. 

Potassium -Antimonyl  Tartrate — tartarated  antimony — Tar- 
tar Emetic — Antimonii  et  Potassii  Tartras(U.  S.  Ph.) — ^An- 
timonium  Tartaratum  (Br.  Ph.)— K(SbO)C4H,Oe— 323..35. 

Is  prepared  by  boiling  a  mixture  of  three  parts  antimony  trioxid  and 
four  parts  cream  of  tartar  in  water  for  an  hour,  filtering  and  crystalliz- 
ing.    When  required  pure  it  must  be  made  from  pure  materials. 

It  crystallizes  in  right  rhombic  octahedra,  containing  one-half  Aq., 
which  turn  white  and  lose  a  part  of  the  Aq.  in  air,  the  remaining  Aq. 
being  expelled  entirely  at  100°  (212°  F.).  It  is  soluble  in  about  two 
parts  of  boiling  water  and  in  about  fifteen  parts  of  cold  water.  Its 
solutions  are  acid  in  reaction,  have  a  nauseating,  metallic  taste,  are 
laevogyrous,  [ajo  =  — 156°. 2,  are  precipitated  by  alcohol,  and  decompose 
rapidly  from  the  development  of  algae,  when  exposed  to  the  air.  It  is 
decomposed  by  the  alkalies,  alkaline  earths,  and  alkaline  carbonates, 
with  precipitation  of  antimony  trioxid.  The  precipitate  is  redissolved 
by  excess  of  soda  or  potash  or  by  tartaric  acid.  Hydrochloric,  sul- 
furic, and  nitric  acids  precipitate  corresponding  antimonyl  (SbO)  com- 
pounds from  solutions  of  tartar  emetic.  It  converts  mercuric  into 
merourous  chlorid.  It  forms  double  tartrates  with  the  tartrates  of  the 
alkaloids.  Of  the  many  antimonials  formerly  official  in  the  U.  S. 
Pharmacopoeia,  this  is  the  only  one  retained  in  the  revision  of  1900. 

Non-official  medicines  said  to  contain  antimony: 

Ayer's  cherry  pectoral  (Hoffmann):  93.3  syrup,  prun.  virgin.,  11.7 
vin.  ipecac,  11.7  vin.  antim.,  7.8  Tr.  sanguinar.,  0.2  morph.  hydrochlor. 
Balsam  of  wild  cherry  (H.  &  H.  169') — contains  1  fl.  §  extr.  prun. 
virgin.,  2  fl.  5  extr.  ipecac,  2  fl.  5  extr.  scillse,  l3  Tr.  opii,  1.0  tartar 
emetic,  3  drops  ol.  anisi,  1  §  alcohol,  i  5  syrup,  i  5  Tinct.  persionis 
comp.,  water  to  85-  Brechzucker  (Richter)  lozenges,  each  of  which 
contains  about  0.2  gm.  tartar  emetic.  Chemisches  Praparat  des  Buch- 
halters  J.  D.  Molfeuter  in  Ulm  (Hager)  is  said  by  the  manufacturer  to  be 
antimony  chlorid.  It  is  in  fact  commercial  fuming  muriatic  acid. 
Coxe's  hive  syrup  (H.  &  H.  801) — an  infusion  of  10  pts.  each  of 
serpentaria  and  squills  in  100  pts.  water,  made  up  to  a  syrup  with  50  pts. 
each  of  sugar  and  honey,  in  which  0.025  pt.  of  tartar  emetic  is  dissolved. 
Cuff's  cattle  medicine  (veterinary)  (Geissler) — contains  potassium  iodid, 
tartar  emetic,  arsenic  trioxid,  and  arsenic  trisulfid.  Derby's  condition 
powders  (veterinary)  (Schadler) — 2.0  tartar  emetic,  20.0  antimony 
trisulfid  (black),  10.0  sulfur,  10.0  saltpetre,  40.0  fenugreek  seeds,  20.0 
'  Hahn  und  Holfert:  "Specialitaten  und  Geheimmittel,"  Berlin,  1893. 
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juniper  berries.  Diaphoretic  antimony — is  potassium  metantimonate. 
Dixon's  pills  (Blyth) — each  pill  contains  comp.  extr.  colocynth  0.1296 
gm.,  rhubarb  0.0648,  tartar  emetic  0.0038.  Dr.  J.  Johnson's  pills 
(Blyth) — each  pill  contains:  comp.  extr.  colocynth  0.162  gm.,  calomel 
0.039,  tartar  emetic  0.002,  oil  of  cassia  0.007.  Elixir  tonique  anti- 
glaireux  de  Guille  (H.  &  H.  483),  a  complex  elixir  containing  1  gm. 
of  tartar  emetic  in  11  litres.  Ethiops  of  Antimony  =  is  a  mixture  of 
antimony  trisulfid  3  pts.  and  mercuric  sulfid  2  pts.  Flechten^  pulver 
aus  St.  Lubes  (Wittstein) — contains  saltpetre  10  pts.,  antimony  tri- 
chlorid  1  pt.,  antimony  trioxid  20  pts.  Flowers  of  antimony — is  an 
impure  oxysulfid,  with  varying  quantities  of  the  trioxid  and  trisulfid. 
Glass  of  antimony — is  a  mixture  of  antimony  trioxid  and  trisulfid. 
Hind's  sweating  ball  (veterinary)  (Blyth),  3.888  gm.  each  of  tartar 
emetic  and  asafcetida  made  into  a  ball  with  liquorice  powder  and  syrup. 
James'  powder — antimony  trioxid,  33,  precipitated  calcium  phosphate, 
67.  James'  pills  (Wittstein) — consist  principally  of  mercuric  oxid  1  pt., 
James'  powder  30  pts.  Kermes  mineral,  antimony  trisulfid  and  trioxid, 
and  an  alkaline  thioantimonite,  was  formerly  official  under  the  name 
Antimonii  oxysulphuretum,  U.  S.  Ph.  Liver  of  antimony — is  a  mixture 
of  antimony  trioxid  and  trisulfid,  potassium  sulfid  and  potassium 
carbonate;  used  in  veterinary  practice.  MitcheU's  pills  (Blyth) — each 
pill  contains:  aloes  0.070  gm.,  rhubarb  0.103,  calomel  0.01,  tartar 
emetic  0.003.  Poudre  merveilleuse  de  Vivier  (H.  Btirchner)  consists 
of  iodin  48  pts.,  arsenic  8  pts.,  tartar  emetic  8  pts.,  phosphorus  1  pt. 
Poudre  unique  de  Godemaux,  for  epilepsy,  is  precipitated  calomel 
(Braconnot).  Gray  oxid  of  antimony  (Alcyon).  Calomel  and  metallic 
mercury  (Planche).  Quietness  is  tartar  emetic,  used  in  England  as  a 
popular  cure  for  dipsomania.  Rotzkrankheit^  Mittel  (veterinary) 
(Btirchner) — 1.  Each  bolus  weighs  about  35  gm.  and  contains  about 
1  gm.  of  golden  sulfuret  of  antimony  and  7  gm.  of  liver  of  antimony 
(see  above).  2.  Each  contains  7  gm.  of  antimony  trisulfid  (black). 
Schnellmast  pulver  von  R.  Hiibner  (veterinary;  condition  powder) 
(Karmrodt),  contains  15.56  per  cent,  of  antimony  trisulfid.  Schweine 
pulver  von  Dr.  Gustav  Swoboda  (veterinary)  (Hager)  contains  about 
34  per  cent,  of  antimony  trisulfid.  Sel  desopilant  d' Audin-Rouviere 
(H.  &  H.  1539)  contains  0.2  per  cent,  of  tartar  emetic.  Trunk- 
svchtsmitteP  von  Karrer-Gallati  (Karlsr.  Ortsges.-Rath)  consists  of  two 
liquids,  one  an  alcoholic  extract  of  gentian,  the  other  a  2.6-per-cent. 
solution  of  tartar  emetic.  Trunksuchtsmittel  von  J.  H.  Rungel  (E. 
Harms)  is  a  3.5-per-ccnt.  aqueous  solution  of  tartar  emetic.  Trunk- 
snvhtsmiUfi  von  Fr.  Schumacher  (H.  &  H.  1705)  is  a  solution  of  tartar 

'  Flechte  =  herpes.  '  Trunksucht  =  dipsomania. 

^  Glanders. 
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emetic.  Vomi-purgatif  de  Leroy  (H.  &  H.  1770)  contains  0.8  per  cent, 
of  tartar  emetic.  Ward's  red  pill  (Blyth) — glass  of  antimony  and 
dragon's  blood.  Washed  saffron  of  antimony  is  liver  of  antimony  (se(^ 
above)  from  which  the  potassium  sulfid  and  carbonate  have  been 
removed.  Weikard's  Hauspilleii  (H.  &  H.  761)  contain  7.2  per  cent, 
of  "golden  sulfuret  of  antimony,"  and  also  about  15  per  cent,  of  calomel. 

Antimonials  used  in  the  Arts. 

Alloys  of  antimony,  see  p.  347.  Antimony  cinnabar,  or  vermilion 
is  an  oxysulfid.  Antimony  yellow  is  a~  mixture  of  lead  antimonate 
and  basic  lead  chlorid.  Naples  yellow  is  basic  lead  antimonate.  Anti- 
mony trisulfid  is  used  in  the  native,  crystalline  form  in  the  friction  tube 
used  in  firing  cannon,  in  percussion  caps,  in  red  and  blue  fires,  and  in 
the  heads  of  Swedish  matches;  and  in  the  amorphous,  orange  form  in 
the  vulcanization  of  caoutchouc,  which  it  colors  red-brown.  Glass 
of  antimony  is  used  to  color  glass  and  porcelain  yellow.  Liquid  butter 
of  antimony  is  a  concentrated  solution  of  the  trichlorid,  specific  gravit}- 
1.35,  used  to  color  iron  and  steel  brown  (gun  barrels).  SchUppe's 
salt,  sodium  thioantimonate,  SbS^Naj  +  9Aq.,  is  used  in  photography. 

ANTIMONY  TRICHLORID. 

Of  the  ten  intoxications  by  antimony  trichlorid  of  which 
.  we  find  record'  four  were  accidental,  four  suicidal,  and  in  two 
it  was  "taken  by"  the  patient.  Five  cases  were  fatal  and  four 
recovered.  In  two  of  the  non-fatal  cases  the  dose  taken  was 
one  ounce  (31  gm.).  In  all  of  the  fatal  cases  the  dose  was  two 
ounces  (62  gm.)  or  more.  The  shortest  duration  was  in  Cooke's 
(R.  B.)  case,^  in  which  a  woman  of  forty  years  died  in  less  than 
two  hours;  and  the  most  prolonged  in  Crisp's  case^  in  which  a 
girl  of  nineteen  years  died  in  twenty-four  hours.  In  Middleton's 
case^  a  child  of  sixteen  months  recovered  after  having  swallowed 
two  teaspoonfuls  of  "  butter  of  antimony"  used  by  her  father  as  a 
dressing  for  sheep  having  "foot-rot." 

Symptoms. — Antimony  trichlorid  acts  mainly  as  a  corro- 
sive, and  the  symptoms  observed  are  those  of  intoxication  l)y 
the  mineral  acids  (q.  v.).  The  violent  symptoms  may,  how- 
ever,  be  slightly  pronounced  and  the  case  present  a  narcotic 

'  Cooke  (W.):  Lancet,  1848,  i.,230.  23d.     Cooke  (R.  B.):  Lancet,  1883, 

Houghton:    Lancet,    1841,    i.,    324.  i.,    860.     Middleton:    Lancet,    1908, 

Crisp:  Tr.  Path.  Soc,  London,  1865,  ii.,  1013.   Pharm.  J.,  1907,4  s.,  xxiv., 

xvi.,    125.     Taylor:    "Poisons,"    3d  341. 
Am.    ed.,  456-458.     Banks:    Prov.  '  Loc.  cit. 

M.   and   S.   Jour.,    1846,    December 
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type,  as  in  one  of  Taylor's  cases  (attributed  to  Mann)/  in  which 
a  man  swallowed  from  two  to  three  ounces  (62-93  gm.).  When 
seen  about  an  hour  later  there  was  entire  prostration  of  strength, 
with  coldness  of  the  skin,  and  incessant  attempts  to  vomit. 
Severe  griping  pains  were  felt  in  the  abdomen,  and  there  was  a 
frequent  desire  to  evacuate  the  bowels,  but  nothing  was  passed. 
In  the  course  of  a  few  hours  reaction  took  place,  the  pain  sub- 
sided, and  the  pulse  rose  to  120.  There  was  now  a  strong  dis- 
position to  sleep,  so  that  he  appeared  as  if  laboring  under  the 
effects  of  a  narcotic  poison.  In  this  state  he  continued  until  he 
died,  ten  and  a  half  hours  after  he  had  swallowed  the  poison. 
In  Crisp's  case  there  was  no  urine  passed. 

Post-mortem  Appearances. — The  most  noteworthy  ap- 
pearance is  a  blackening  and  apparent  charring  of  those  parts 
with  which  the  corrosive  liquid  has  come  into  contact,  similar 
to  that  produced  by  sulfuric  acid.  The  lips  and  mouth  may  be 
black  and  excoriated,  also  the  oesophagus,  stomach,  and  upper 
intestine.  In  Crisp's  case  the  stomach  appeared  as  if  uniformly 
coated  with  the  antimonial.  When  this  coating  was  removed 
the  surface  appeared  blade  and  charred.  In  Evans'  case  (re- 
ported by  Taylor)  the  stomach  was  vivid-red  in  places,  in  others 
blackened.  In  Cooke's  (R.  B.)  case  the  mucous  membrane  of 
the  stomach  was  intensely  congested  and  of  a  bluish-black  color. 
In  this  case,  as  well  as  in  Evans',  corrosion  and  blackening  of  the 
lips,  mouth,  and  oesophagus  were  not  observed.  Perforation  of 
the  oesophagus,  stomach,  or  intestine  was  not  met  with  in  any  of 
the  cases.  From  the  intensity  of  the  corrosive  action,  however, 
it  is  quite,  probable  that  it  might  occur. 

Analysis. — In  Evans'  case  antimony  was  found  in  the 
putty-like  masses  of  altered  mucous  membrane,  etc.,  from  the 
stomach.  In  Cooke's  (R.  B.)  case  the  stomach  was  found  to 
contain  compounds  of  antimony  and  of  arsenic  to  the  amount 
of  eight  grains  (0.5  gm.)  of  the  former,  and  0.1  grain  (0.0065 
gm.)  of  the  latter.  (For  methods  see  under  Tartar  Emetic  and 
Arsenic.) 

TARTAR  EMETIC. 
St.^tistics  and  Administration. 

Of  124  cases  of  tartar  emetic  poisoning  of  which  we  find 
record,   89   were   "accidental,"   6   suicidal,    and   20   homicidal. 

I  Loc.  cit. 
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In  comparing  tartar  emetic  poisonings  with  those  by  other 
poisons,  except  arsenic,  the  very  small  proportion  of  suicidal 
cases  (4.8  per  cent.),  and  the  large  proportion  of  homicides  (16.9 
per  cent.)*  are  noteworthy. 

Of  the  homicidal  cases  two  occurred  in  the  eighteenth 
century,^  the  remainder  since  1850.  The  following  are  the  hom- 
icidal cases  since  1850  of  which  we  have  knowledge: 

1854.  Case  of  Ann  Palmer. — The  symptoms  of  her  last  illness 
were  those  of  antimonial  poisoning.  The  body  was  exhumed  one  year 
after  death  and  found  to  contain  antimony.  Her  son,  suspected  of 
having  poisoned  her  with  repeated  doses  of  tartar  emetic,  was  executed 
for  another  poisoning  by  strychnin.^ 

1856.  Reg.  v.  McMullen. — Woman  gave  her  husband  "quietness" 
(a  mixture  of  cream  of  tartar  and  tartar  emetic)  to  counteract  the  effects 
of  a  debauch,  whereof  he  died.     Convicted  of  manslaughter.'' 

1857.  Reg.  v.  Freeman. — Mentioned  by  Taylor.     No  particulars.^ 

1857.  Reg.  v.  Hardmann.- — Mentioned  by  Taylor.  Tried  for  the 
murder  of  his  wife  by  repeated  administration  of  small  doses  of  tartar 
emetic." 

1858.  Affaire  Ramier. — Conspiracy  by  R.,  his  mistress  (Z^lie),  and 
Porel  to  poison  the  wife  of  R.  First  attempt  with  phosphorus,  second 
with  tartar  emetic.  Both  unsuccessful.  Porel  confessed;  Ramier  con- 
victed; Z^Me  acquitted.' 

1859.  Reg.  v.  Smethurst. — Surgeon,  indicted  for  the  murder  of  his 
mistress  by  repeated  small  doses  of  antimony  and  arsenic.  Tried  twice. 
Convicted  on  second  trial.     Subsequently  pardoned." 

1860.  Reg.  v.  Winslorv. — Defendant  charged  with  murder  of  Ann 
James  by  aggravating  a  disease  of  the  csecum  from  which  she  was  suffer- 
ing by  the  repeated  administration  of  small  doses  of  antimony.  Anti- 
mony was  found  in  the  body  of  the  deceased.     Prisoner  acquitted." 

'  If  we  add  seven  cases  of  gross  *  "Poisons,"  3d  Am.  ed.,  145. 

negligence    the    percentage    is    in-  " /6id.,  2d  Engl,  ed.,  97. 

creased  to  21.8.  'J.    d.    chim.    m6d.,    etc.,    1S58, 

^Zacchias:    "Quaest.    Med.-leg.,"  4  s.,  iv.,  32. 

Consil.  iii.,  12-14,  ed.  Venet.,  1737,  *  Browne  and  Stewart:   Op.   cil., 

iii.,    19-24.     Zittmann:    "Med.  pp.  397,  448-479;  Sessions  Papers, 

For.,"  1706,  p.  1455.  Central  Crim.  Crt.,  1859.     Stephen: 

'  iSrowne  and  Stewart :" Trials  for  "Hist,   of  the  Crim.   Law  of  Eng- 

MurderbyPoison,"pp.87,88.     Tay-  land,"  iii.,  438,  465;  Brit.  M.  Jour., 

lor:    "Poisons,"    3d    Am.    ed.,    96,  1859,  ii.,  707-711.     Taylor:  "Princ. 

121;  Guy's  Hosp.  Reps.,  1857,  3  s.,  and  Pr.  of  Med.  Jur.,"  3d  ed.,  1883, 

iii.,  369-481.  196. 

*Ph.   J.   and  Tr.,   1856-57,  xvi.,  »  Browne  and  Stewart:   Op.   cit., 

147,     197.     Taylor:    hoc.    cit.,    58,  479-489.     Taylor:     "Poisons,"     3d 

121;  and  "Med.  Jur.,"    11th   Engl.  Am.  ed.,  121. 
ed.,  47;  Lancet,  1856,  ii.,  259. 
IV.— 23 
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1865.  Reg.  v.  Pritchard. — Tried  at  Edinburgh.  Defendant  was  a 
physician.  Poisoned  his  wife  with  repeated  doses  of  tartar  emetic,  and 
his  mother-in-law  with  antimony  and  aconite.  Convicted.  Confessed 
before  execution.' 

1866.  Reg,  v.  Bellemey,  alias  Barnett. — An  apothecary  was  tried  at 
Melbourne,  AustraUa,  for  the  murder  of  his  paramour  by  repeated 
doses  of  antimony.     Acquitted.^ 

1871.  State  v.  Eliz.  G.  Wharton. — Tried  at  Annapolis,  Md.,  Decem- 
ber, 1871,  and  January,  1872.  Defendant  was  accused  of  the  murder  of 
Gen.  W.  S.  Ketchum  by  tartar  emetic.  Another  visitor  at  defendant's 
house,  Mr.  Eugene  Van  Ness,  suffered  violent  symptoms  of  antimonial 
poisoning.     Acquitted.' 

1871.  A  woman  was  held  for  trial  in  England  (Staffordshire  Assizes). 
Antimony  had  been  found  in  the  cadavers  of  three  of  her  children. 
She  had  buried  ten  out  of  twelve  children  at  different  times,  some 
having  manifested  symptoms  of  antimonial  poisoning.  We  are  unable 
to  find  further  reference  to  this  case.* 

1876.  The  Balham  Mystery,  or  Bravo  Case. — Bravo,  a  barrister, 
probably  died  from  the  effects  of  antimony  and  laudanum.  The  cor- 
oner's jury  found  a  verdict  of  willful  murder  by  some  unknown  person. 
Subsequently  it  was  shown  that  the  deceased  had  purchased  a  large 
number  of  quack  powders,  advertised  for  the  cure  of  dipsomania,  which 
contained  tartar  emetic*     (Classified  above  as  suicide.) 

1878.  Prof.  H.  Ranke  reports  the  case  of  a  man  who  was  supposed  to 
have  died  from  tartar  emetic  administered  by  a  barber-surgeon  (bader)." 

1878.  State  v.  Vosburgh. — A  preacher  tried  in  Hudson  County 
(N.  J.),  for  an  attempt  to  murder  his  wife  by  tartar  emetic.  Case 
unpublished. 

'  Browne  and  Stewart:   Op.  cit.,  Law  Rev.,   Boston,   1874,  647-668; 

397-448.     Reports  of  trial:  William  also  in  his  "Famous  Trials,"  274- 

Kay,  Edinb.,  1865;  Edinb.  M.  and  309.     Reese:  Am.  J.  M.  Sc,  Phila., 

S.  Jour.,  1865,  xi.,  163-200;  Wien.  1872,   n.   s.,   Ixiii.,   329-355.     Will- 

m^d.   Wchnschr.,    1865,   xv.,    1072,  iams:  Richm.  and  Louisv.  M.  Jour., 

1105.     Felizet:  Arch.  gte.  d.  m^d.,  1873,  xv.,  721-747;  Med.  and  Surg. 

Paris,  1865,  ii.,  267-277.  Roughead:  Reptr.,    Phila.,     1872,    xxvi.,-475, 

"Trial   of   Dr.  Pritchard,"  London,  503,  523.     Wood,  H.  C,  Jr.:  Med. 

1906.  Rec,  N.  Y.,  1873,  viii.,  169.     Tay- 

^ Ph.  J.  and  Tr.,  1868-69,  2  s.,  X.,  lor:    "Med.    Jur.,"    11th    Am.    ed. 

325.  (Bell),  23. 

^Report  of  trial.   Baltimore  Ga-  "Ph.  J.  and  Tr.,  London,  1871- 

zette.  Bait.,  1872.     Aiken:  "A  Re-  72,  3  s.,  ii.,  397,  458,  516. 

view  of  Professor  Reese's  Review  of  '^Taylor:  "Med.  Jur.,"  11th  ed., 

the  Wharton  Trial,"   N.  Y.,   1873;  136.     Johnson,    Payne,    and    Red- 

also,  on  "Some  Supposed  Fallacies,"  wood:  Lancet,  1876,  1.,  755.     Wade: 

etc.,    Richmond   and   Louisville  M.  Brit.  M.  Jour.,  1876,  ii.,  264. 

Jour.,  1873,  XV.,  7-13.     Chew: /6?f/.,  "Friedreich's    Bl.    f.    ger.    Med., 

1872,  xiv.,  93-116;  Med.  Rec,  N.Y.,  1879,  xxx.,  241.     See  also  ScheUe: 

1873,  viii.,    332-338.     Morse:    Am.       Ibid.,  1882,  xxxiii.,  8. 
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1887.  Reg.  v.  Th.  Hall. — New  Zealand.  A  man  of  seventy  years, 
poisoned,  as  alleged,  by  his  son-in-law.' 

1893.  Peo.  V.  Henry  Meyer,  etc.  Defendant  tried  twice  for  the  mur- 
der of  one  Baum  or  Brandt,  to  obtain  an  insurance  upon  his  life. 
Convicted  of  murder  in  the  second  degree.^ 

1894.  State  v.  Effi,e  Cox,  alias  Whalen,  and  Rose  Fournier. — Tried 
in  Chittenden  County  Court,  Vermont,  1894.  Defendants  indicted  for 
the  murder  of  Fournier  by  repeated  administration  of  tartar  emetic; 
convicted  of  manslaughter,  first  degree.  "Reasonable  doubt"  that 
the  purpose  of  the  administration  was  to  correct  an  alcoholic  habit. 
Case  not  published. 

1903.  Rex  vs.  Klowsowski,  alias  Cha'pman. — The  defendant  had 
spent  several  years  as  a  hospital  attendant.  Having  deserted  his  wife 
he  lived  successively  with  three  other  women  who  died,  and  in  whose 
cadavers  antimony  was  found  on  analysis.  Two  of  the  bodies  were 
exhumed  after  one  and  five  years'  burial.'' 

Suicide  by  tartar  emetic  is  of  most  exceptional  occurrence. 
Excluding  the  Bravo  case  above  mentioned  (which  was  to  some 
extent  at  least  an  opium  poisoning,  and  possibly  accidental), 
there  are  but  five  cases,  all  anterior  to  1860.  Of  these  three  were 
in  females,  of  which  one  was  fatal.*  Of  the  two  men  one  died.^ 
(See  Lethal  Dose,  below.) 

Of  the  accidental  cases  29  were  in  children  less  than  ten 
years  of  age  (for  the  most  part  medicinal  poisonings);  and  56 
in  persons  over  ten  years  of  age,  who  took  the  poison  either 
medicinally  in  overdose  or  in  mistake  for  other  drugs^i.e., 
Glauber's  salt,  nitre,  cream  of  tartar,  bicarbonate  of  soda, 
Epsom  salt,  potassium  acetate,  oxid  of  antimony,  sugar,  or  as 
an  external  application. 

The  use  of  tartar  emetic  as  a  medicine  is  now  much  less 
general  than  it  formerly  was,  and  consequently  accidental  poi- 
sonings by  it  are  now  very  infrequent.  During  the  past  thirty- 
five  years  but  23  tartar-emetic  poisonings  have  been  reported. 
Of  these  9  were  homicidal,  12  due  to  negligence  or  mistake,  1 
to  absorption  from  a  fabric,  and  1  medicinal. 

'  Brit.  Med.  Journ.,  1887,  i.,  853.  Bost.  M.  and  S.  Jour.,  1856-57,  Iv. 

^  Doremus:     J.    Am.     Ch.     Soc,  400).     The  other  two  are  reported 

1895,  xvii.,  667.  in  Lancet,  1844,  i.,  444  (Lefevre) ; 

'Stevenson:    Br.    M.  J.,  1903,  i.,  and  Galtier:  "Toxicologie,"  i.,  505 

873;   Waldo:   Med.  Press  and  Circ,  (in  1835). 

1904,  n.  s.,  Ixxviii.,  193.  ''  R^camier's    case.     See    Galtier: 

*  A   trance   medium   who   appar-  Op.  cit.,  507.     The  non-fatal  case  is 

ently  poisoned  herself  to  verify  her  reported  by  Serres.    See  Galtier:  Op. 

own  prediction  of  her  death  (Ellis:  cit.,  506. 
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Accidental  poisonings  have  resulted  from  the  administration  of 
repeated  small  doses  of  tartar  emetic,  called  "quietness"  in  some  parts 
of  England,  for  the  cure  of  the  drink  habit;  and  in  some  alleged  homi- 
cidal cases  the  defense  has  claimed  this  to  have  been  the  motive  for 
administration."  Usually  such  treatment  is  resorted  to  without  the 
knowledge  or  consent  of  the  "patient,"  but  Harnack^  has  reported  the 
case  of  a  man  who  dosed  himself  with  tartar  emetic  for  this  purpose, 
at  the  suggestion  of  his  wife,  from  June  18th  to  22d,  and  died  on 
the  23d. 

The  administration  in  all  but  eight  cases  was  by  the  mouth. 
In  four  instances  it  was  by  external  application,  either  as  powder 
or  ointment;^  in  two  cases  in  enemata;*  in  one  case  by  absorption 
from  a  fabric  mordaliced  with  tartar  emetic,'^  and  in  one  case  in 
the  milk  of  the  mother." 

In  29  instances  tartar  emetic  was  taken  in  aqueous  solution; 
in  25  as  a  powder;  in  five  as  antimonial  wine,  in  one  as  "horse 
medicine,"  and  in  one  as  a  patent  medicine. 

Lethal  Dose. 

It  is  only  under  exceptional  conditions  that  a  single  dose, 
however  large,  of  tartar  emetic  may  cause  the  death  of  an  adult. 
An  analysis  of  the  40  deaths  of  adults  attributed  to  tartar 
emetic  shows  that  16  were  cases  of  alleged  homicide,  in  most, 
if  not  all,  of  which  the  theory  of  the  prosecution  implied  re- 
peated administrations;  seven  were  accidental  poisonings  caused 
by  more  than  one  dose,  five  were  cases  in  which  antimonial  poi- 
soning was  probably  not  the  proximate  cause  of  death;  in  five  the 
method  of  administration  is  doubtful,  and  in  one  it  was  by  ex- 
ternal application.  The  six  remaining  cases  may  be  summarized 
as  follows: 

1.  Hoffmann,  1760.' — A  mere  statement  that  a  person  (a  woman) 
died  in  a  short  time  after  an  improper  administration  of  tartar  emetic. 

2.  Orjila.' — An  incidental  statement  that  a  woman  of  eighty-two 

'  Reg.  I).  MoMuUen,  p.  353;  State  *  Charier:     J.     d.     chim.     m6d., 

V.  Effie  Cox  and  Rose  Fournier,  p.  1847,  3  s.,  iii.,  472. 

355.     Both  cases  resulted  in  convic-  ^  Gillet:  Ann.  d.  1.  See.  m^'d.-chir. 

tion  for  manslaughter.  d.  Li^ge,  1886,  xxv.,  83. 

^Vrtljschr.  f.  ger.   Med.,  1901,   3  «  Wibmer:   "Wirkung  d.   Arznei- 

F.,  xxi.,  267.  mitt.,"  v.,  179. 

'  Lancet,  1838,  i.,  250  (two  cases);  '  "Op.  omn.,"  v.  i.,  pt.  ii.,  ch.  v., 

Beitr.  z.  prk.  Heilk.,   1834,  i.,  670  ed.  Genev.,  1760,  i.,  213. 

(two  cases).                          •  s  "Tox.  g6n.,"  5eme  ed.,  i.,  620. 
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years  died  in  fifteen  hours  after  having  talcen  0.5  gm.  of  tartar  emetic, 
which  caused  some  purging  but  no  vomiting. 

3.  Skae,  1844.' — In  this  case  a  man  of  forty-five  years  certainly  tooli 
one  dose  of  about  fifty-five  grains  of  tartar  emetic,  while  suffering  from 
delirium  tremens,  and  vomited  in  ten  minutes.  About  sixteen  hours 
later  he  got  out  of  bed  and  in  so  doing  fell  insensible  and  died. 

4.  Beale,  1854.^ — A  girl  of  sixteen  years  took  a  quantity  of  tartar 
emetic  estimated  at  forty  to  sixty  grains  at  one  time.  In  fifteen  minutes 
she  vomited,  and  continued  to  vomit  and  purge  continuously  for  about 
three  hours.  The  next  morning  she  did  not  seem  ill,  but  in  the  after- 
noon she  felt  as  if  dying.  A  physician  was  then  called,  who  found  her 
continually  throwing  the  head  back  and  screaming,  with  dilated  pu- 
pils, knees  drawn  up,  and  a  thin  pulse.  She  was  delirious  for  six 
hours  before  death,  which  occurred  thirty-six  hours  after  she  had  taken 
the  poison.  The  autopsy  revealed  the  existence  of  extensive  incipient 
ovarian  disease. 

5.  Gabb,  1866.' — A  man  of  forty-three  years  took  about  two  drachms 
of  tartar  emetic  at  one  time  by  mistake,  and  very  shortly  thereafter  "a 
draft  of  vinegar."  He  walked  a  mile  to  a  physician's  office,  where  he 
appeared  so  well,  so  free  from  any  of  the  symptoms  of  having  taken 
tartar  emetic,  that  it  was  believed  that  he  was  mistaken.  Soon  after  he 
vomited  for  the  first  time,  about  an  hour  after  having  taken  the  emetic. 
After  a  severe  attack  of  vomiting,  purging,  cramps,  etc.,  he  passed  a 
comfortable  night  and  the  next  day  was  much  better.  Early  the  fol- 
lowing morning  he  was  pulseless  and  in  a  condition  of  collapse  resem- 
bling that  of  cholera.  After  administration  of  brandy  his  condition 
was  much  impro^'ed,  but,  sitting  up  in  bed  contrary  to  advice,  he  had 
an  attack  of  syncope,  from  which  he  rallied  a  little,  but  sank  again  and 
died  about  forty  hours  after  the  accident,  retaining  his  consciousness 
nearly  to  the  last  moment. 

6.  Dobie,  1887.* — A  boy  of  fifteen  years  took  forty  grains  of  tartar 
emetic  in  mistake  for  Epsom  salt.  He  vomited  in  ten  minutes  and 
suffered  the  usual  symptoms  of  antimonial  poisoning,  from  which  he 
seemed  to  be  recovering  on  the  third  day.  On  the  same  day  he  became 
delirious  and  died  comatose  on  the  sixth  day.  In  the  short  report  of 
this  case  the  duration  is  stated  in  one  place  as  six  days  and  four  lines 
below  as  twelve  days. 

Cases  1,  2,  and  6  are  incompletely  reported.  In  Case  3 
acute  alcoholism  was  at  least  a  contributing  cause  of  death. 
In  Case  5  the  long  delay  of  the  emetic  action  of  the  poison  (caused 

■  North.    J.    Med.,    Edinb.,    1844,  '  Med.  Times  and  Gaz.,  1866,  ii., 

i.,  289.  379. 

2  Lancet,  1S.54,  i.,  68.  *  Lancet,  1887,  i.,  773. 
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possibly  by  the  vinegar  taken)  favored  absorption,  prevented 
that  prompt  removal  of  the  poison  which  is  the  chief  factor  of 
safety  when  single  doses  are  taken,  and  established  very  much 
the  same  conditions  as  obtain  in  cases  of  repeated  administra- 
tion. Beale's  case  may  therefore  be  said  to  be  the  only  un- 
complicated fatal  poisoning  of  an  adult  by  a  single  dose  of  tartar 
emetic.  And  in  this  the  history  is  by  no  means  sufficiently  ex- 
plicit (the  reporter  having  only  seen  the  case  on  the  second  day, 
and  the  hearsay  evidence  having  been  given  in  a  case  which  was 
the  subject  of  a  coroner's  inquiry)  to  fully  prove  the  method  of 
administration  and  the  absence  of  other  causes  of  death. 

Of  the  five  cases  above  referred  to  as  instances  in  which  the 
causative  relation  of  antimonial  poisoning  to  the  fatal  result  is 
questionable,  two  were  clearly  deaths  solely  from  other  causes. 

These  are:  (7)  Deutsch's  case,  cited  by  Wharton  and  Stille,'  of  a 
woman  who  is  alleged  to  have  died  "in  the  course  of  a  year"  from  the 
effects  of  a  single  dose  of  a  scruple  (1.3  gm.)  of  tartar  emetic.  The 
other  (8)  is  Wakeley's  case,  cited  by  Taylor,^  of  a  man  said  to  have 
been  fatally  poisoned  by  three  grains,  and  concerning  which  Taylor 
says  that  "death  could  not  be  reasonably  attributed  to  the  medicine." 

In  the  other  three  cases  tartar  emetic  administered  to  persons 
already  seriously  ill  can  be  considered  at  the  most  only  as  a  con- 
tributary  cause  of  death. 

9.  Recamier.^ — ^A  man  of  about  forty  years  took  with  suicidal  intent 
2  gm.  (thirty-one  grains)  of  tartar  emetic.  After  exhibiting  the  usual 
antimonial  symptoms  he  became  furiously  delirious  and  died  in  convul- 
sions on  the  fourth  day.  At  the  autopsy  excessive  cerebral  lesions  were 
discovered.  In  commenting  upon  this  case  Galtier^  remarks  that  death 
should  be  attributed  to  the  recent  lesions  of  the  brain  and  meninges,  of 
which  the  emetic,  or  rather  the  inflammation  of  the  intestinal  canal  and 
the  efforts  of  vomiting,  were  only  the  provoking  cause. 

10.  Constant,  1831.* — The  case  of  a  medical  student  under  treatment 
by  Professor  Andral  for  "gastric  trouble  due  to  insufficient  nutrition  and 
overstudy,"  received  two  grains  of  tartar  emetic  in  three  half -glasses  of 
water,  which  immediately  provoked  vomiting,  and  severe  pain,  which 

1  "Med.  Jur.,"  4  ed.,  ii.,  193,  ex      quoted  by  most  authors  from  Orfila 
Canstatt's  Jahresb.,  1851,  iv.,  270.  down. 

2  "Poisons,"  3d  Am.  ed.,  448.  *  "Toxicologie,"  i.,  508. 
^Magendie:    "D©    I'influence    de           '^  Arch.  g^n.  de  m^d.,   1831    1  s. 

I'c^m^tique,"   etc.,  Paris,    1813,   and       xxiv.,  262.  '        '' 
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persisted  the  remainder  of  the  day,  with  abundant  diarrhcEa.     He  died 
on  the  second  day.' 

11.  An  extremely  feeble  woman  of  fifty-five  years,  suffering  from 
broncho-pneumonia,  was  bled  500  gm.  and  was  given  0.15  gm.  (about 
gr.  iiss.)  of  tartar  emetic.  In  the  following  night,  and  without  any 
symptoms  referable  to  the  alimentary  canal,  she  was  suddenly  attacked 
with  copious  and  continued  intestinal  hemorrhages  which  caused 
her  death.  ^ 

In  several  instances  persons  have  taken  quantities  much 
greater  than  that  which  is  probably  the  lethal  dose  of  tartar 
emetic  and,  although  rendered  severely  ill  thereby,  have  recov- 
ered. Thus  Taylor^  quotes  a  case  of  Couling's,  of  a  man  who 
took  two  hundred  grains  (13  gm.)  in  mistake  for  carbonate  of 
soda.  McCreery*  reported  that  of  a  man  who  took  half  an  ounce 
(15.6  gm.)  in  mistake  for  Glauber's  salt,  and  Gleaves'  that 
of  a  man  who  took  a  tablespoonful  (about  an  ounce,  31  gm.). 
Orfila'  also  quotes  Lebreton's  observation  of  a  young  woman 
who  recovered  from  the  effects  of  24  gm.  of  tartar  emetic. 

Very  much  smaller  quantities  have  been  known  to  cause  death 
when  taken  by  adults  in  more  than  one  dose.  That  even  two 
administrations  upon  two  consecutive  days  of  as  small  a  total 
quantity  as  0.2  gm.  (three  grains)  may  cause  death  when  the 
first  dose  fails  to  provoke  emesis  is  proved  by  the  fatal  poisoning 
of  a  woman  who  died  in  thirty-six  hours  after  taking  the  first 
dose.^  In  Laveran's  case,  reported  by  Tardieu,*  a  man  suffer- 
ing from  erysipelas  of  the  face  was  given  0.4  gm..  (6.17  grains) 
of  tartar  emetic  in  doses  of  0.1  gm.  (one  and  one-half  grains) 
during  four  days.  He  was  attacked  with  nausea,  vomiting, 
epigastric  pain;  passed  liquid  stools,  and  died  in  collapse  in 
nine  days.     Antimony  was  found  in  the  liver. 

The  susceptibility  of  young  children  to  the  poisonous  action 

•  This  is  the  case  referred  to  by  '  "Poisons,"  3d  Am.  ed.,  443. 

Wharton  and   Stills    ("Med.    Jur.,'  *  Am.   Jour.   M.   Sc,   1853,   n.   s., 

4th  ed.,  ii.,  193),  in  the,brief  state-'  xxv.,  131. 

ment:     "Two    grains  have  proved  '^  West.  J.  M.  and  S.,  1848,  3  s.,  i., 

fatal  to  an  adult."     It  is  also  men-  23. 

tioned    by   Taylor    ("Poisons,"    3d  «  "Tox.  g^n.,"  5^me  ed.,  i.,  620. 

Am.  ed.,  448),  who,  however,  adds:  '  Beau:    Bull.    g^n.    de    th^rap., 

"  But  in  this  case  there  were  circum-  1856,  li.,  231. 

stances  which  favored  the  fatal  op-  '  "  Empoissonement."    2eme    ed., 

eration  of  the  poison."  744. 

^Piorry:     Gaz.     d.     hop.,     1853, 
xxvi.,  147. 
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of  tartar  emetic  is  such  as  to  render  its  administration  to  them 
as  a  medicine  dangerous.  Beck'  has  collected  a  number  of  ob- 
servations of  serious  and  fatal  poisoning  in  young  children  by 
tartar  emetic.  Among  these  are  two  by  Charier^  of  children 
recovering  from  the  measles  who  were  rapidly  destroyed  by 
0.05  gm.  (three-quarters  grain)  given  in  enemata. 

Duration  axd  Prognosis. 

In  children  the  duration  of  fatal  tartar-emetic  poisoning  is 
shorter  than  in  adults.  The  average  of  8  cases  in  children  less 
than  ten  years  of  age,  in  which  the  duration  is  definitely  stated, 
was  15.9  hours,  the  extremes  being  1  and  48.  In  adults  the  aver- 
age of  18  cases  was  88.9  hours,  or,  if  5  exceptionally  protracted 
cases  are  omitted,  37.4  hours,  with  6  and  96  as  the  extremes. 

The  most  rapidly  fatal  poisoning  was  in  a  child  to  which,  af- 
ter an  attack  of  benignant  measles,  0.05  gm.  (three-quarters 
grain)  of  tartar  emetic  was  given  in  an  enema,  which 
caused  his  death  within  an  hour.'  One  of  Wilton's*  cases 
was  that  of  a  child  a  year  old  whose  mother  gave  it  repeated 
small  doses  of  antimonial  wine  for  a  cold.  Yery  suddenly  there- 
after it  had  slight  but  frequent  convulsions,  with  sickness  and 
severe  diarrhcea,  and  died  in  about  two  hours.  Hartley"  has 
reported  the  cases  of  two  children  of  five  and  three  j"ears  which 
died  in  eight  and  twelve  hours,  respectively,  from  the  effects  of  ten 
grains  (0.65  gm.)  of  tartar  emetic.  A  more  recent  and  somewhat 
more  reliable  case  is  that  published  by  Chabon,^  in  which  a 
vigorous  child  of  two  and  a  quarter  years  received  two  doses  of 
0.05  gm.  (three-quarters  grain)  each,  ten  minutes  apart,  and  died 
of  syncope  eight  hours  later.  The  most  protracted  duration  of  a 
fatal  case  in  a  young  child  of  which  we  find  notice  is  that  merely 
mentioned  by  Sigmond'  of  a  child  of  two  years  which  died  forty- 
eight  hours  after  an  external  application  of  tartar  emetic  to  the 
spine.  Two  fatal  cases  of  twenty-four  hours'  duration  are  re- 
ported, in  one^  of  which,  however,  the  child  most  probably  died 

'"Infant   Therapeutics,"  2d   ed.,  '  Lancet,  1S46.  i.,  460. 

N.  Y.,   18.5.5,  30-47.  «  Union  m^d.  d.  1.  Seine  inf.,  1881, 

^  J.    d.    cliim.    m(5d.,    etc.,    1S47,  xx.,  114. 

3  s.,  iii.,  472.  "  I  aneet,  1S3S,  i.,  250. 

H'harier:  loc.cil.  *  Taylor:  "Poisons,"  3d  Am.  ed., 

"Prov.  M.  and  S.  ,J.,  ly44,  204.  447. 
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from  disease;  while  in  the  other/  in  which  tartar-emetic  ointment 
was  applied  to  a  child  of  three  years,  which  died  in  eclampsia,  the 
patient  was  suffering  from  whooping-cough. 

In  adults  only  the  duration  of  poisonings  in  which  more 
than  one  dose  was  certainly  or  probably  administered  can  be 
given.  The  shortest  duration  was  in  a  case  involving  an  accu- 
sation of  criminal  negligence,  in  which  a  man  of  twenty-eight 
years  died  six  hours  after  he  had  received  1  gm.  (15.4  grains) 
of  tartar  emetic  in  two  doses,  half  an  hour  apart.  It  is  question- 
able whether  in  this  case  the  antimonial  was  more  than  a  con- 
tributorj'^  cause  of  death. ^  The  fatal  termination  followed 
the  last  administration  in  ten  hours  in  two  instances — a  trance 
medium,  aged  twenty-one,  who  appea,rs  to  have  taken  an  un- 
known quantity,  after  having  predicted  her  own  death.  She 
had  had  a  similar  attack  previously.^  A  man  of  thirty  years 
died  in  ten  hours  after  the  outbreak  of  symptoms  supposed  to 
have  been  caused  by  tartar  emetic  which  he  had  had  several 
weeks  in  his  possession.''  In  four  instances  the  duration  has 
exceeded  a  week.  A  woman  of  eighty-three  years,  a  patient  in 
the  Salpetriere,  received  4  gm.  (6 If  grains)  of  tartar  emetic 
during  three  days,  and  having  exhibited  the  symptoms  of  anti- 
monial poisoning,  died  upon  the  seventh  day.^  A  man  received 
0.4  gm.  (6.2  grains)  of  tartar  emetic  during  four  days.  He  suf- 
fered from  nausea,  vomiting,  and  epigastric  pains,  passed  liquid 
stools,  and  died  in  collapse  nine  days  after  taking  the  last  dose." 
A  man  of  thirty-four  years  is  reported  to  have  died  in  twelve 
days  after  a  "treatment"  at  the  hands  of  an  empiric,  which  is 
said  to  have  consisted  in  part  in  the  administration  of  daily 
doses  of  twenty  to  thirty  grains  (1.3  to  2  gm.)  of  tartarized  an- 
timony almost  continuously  for  three  weeks.' 

In  all  of  the  homicidal  cases  of  which  we  find  published 
accounts  the  poisoning  extended  over  several  days.     In  the  Ann 

'  Krebs:    Beitr.   z.   prkt.    Heilk.,  "^  Laveran,     cited     by     Tardieu: 

1834,  i.,  670.  "Empois.,"  2Sme  ed.,  744. 

2  Ranke:  Friedreich's   Bl.  f.  ger.  '  Le  Boutillier:  N.-West.  M.  and 

Med.,     1879,    xxx.,     241.     Schelle:  S.    J.,    Chicago,     1855,    xii.,    353. 

/bid,  1882,  xxxiii.,  8. ,  Beck    ("Infant   Therap.,"    2d    ed., 

^  Ellis:    Bost.    M.    and    S.    Jour.,  141)  makes  a  mere  mention  of  the 

1856-57,  Iv.,  400.  death    of  a    woman    of   twenty-six 

*  Pollock:  London  M.  Gaz.,  1850,  years,    twelve   days   after   she   had 

xlv.,  801.  taken    oss.   of   tartar  emetic.     See 

^  Durand-Fardel:     Bull.    g6n.    d.  also  Dobie's  case  above  referred  to. 
therap.,  1843,  xxv.,  370. 
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Palmer,  McMullen,  and  Hardman  cases  death  occurred  after 
symptoms  referable  to  the  administration  of  repeated  doses.  In 
the  Wharton  case  the  deceased,  a  healthy  man  of  about  sixty 
years,  was  first  attacked  on  June  24th,  and  died  on  the  28th, 
having  had  two  distinct  outbreaks  of  symptoms.  Another  gen- 
tleman who  spent  some  days  at  the  defendant's  house  had  a 
violent  attack  of  symptoms  such  as  are  produced  by  antimony, 
from  which  he  recovered;  and  some  days  afterward  the  accused 
offered  him  a  glass  of  beer,  which  was  analyzed,  and  found  to 
contain  fifteen  grains  (1  gm.)  of  tartar  emetic.  In  the  Pritch- 
ard  case  one  of  the  victims  (Mrs.  Pritchard)  was  first  taken  ill 
about  January  1st,  1865,  and  died  March  18th,  having  had 
several  attacks,  each  probably  succeeding  an  administration, 
while  the  other  victim  (Mrs.  Taylor)  had  two  distinct  attacks, 
February  13th  and  22d,  of  the  last  of  which  she  died  February 
24th.  In  Smethurst's  case  the  first  SYmptoms  were  observed 
March  29th,  and  the  woman  died  May  3d.  In  the  Winslow 
case  the  poisoning  began  early  in  February,  and  death  only  oc- 
curred June  24th.  In  the  Cox-Fournier  case  there  were  re- 
peated administrations,  the  last  illness  lasted  four  days,  and  the 
last  dose  was  administered  six  hours  before  death.  In  the 
Meyer,  Bellemey,  and  Hall  cases  there  was  also  allegation  of 
repeated  administration  on  the  part  of  the  prosecution. 

The  prognosis  is  probably  more  favorable  than  is  indicated 
by  the  cases  reported.  Of  118  such  56  (47.4  per  cent.)  died,  and 
62  (52.6  per  cent.)  recovered. 

Symptoms  and  Elimination. 

The  taste  of  tartar  emetic,  which  is  metallic  in  character,  al- 
though not  very  pronounced,  may  be  noticed  at  the  time  of 
swallowing  it;  but  more  frequently  it  escapes  observation. 

The  interval  preceding  the  manifestation  of  the  symptoms 
proper  is  usually  from  a  quarter  to  half  an  hour.  In  one  in- 
stance vomiting  is  said  to  have  immediately  followed  the  taking 
of  forty  grains  (2.6  gm.)  of  powdered  tartar  emetic.  ^  In  an- 
other case  in  which  7.8  gm.  (5ij.)  were  taken  in  aqueous  solu- 
tion, nausea,  trembhng,  and  cold  sweat  followed  in  seven  min- 
utes.^    In  three  instances  the  duration  of  the  interval  was  ten 

'  Durrant:  Prov.  M.  and  S.  Jour.,  -  Ornellas:    Gac.    med.    d."   Lima, 

1850,  369.  LS5G,  i.,  Xo.  10. 
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minutes.'  In  three  instances  no  symptoms  appeared  for  an 
hour.^ 

Soon  there  is  nausea,  which  is  followed  by  vomiting,  which 
is  frequently  repeated,  sometimes  as  often  as  every  three  or  four 
minutes,  and  after  a  time  without  nausea.  The  vomited  mat- 
ters at  first  consist  of  the  stomach  contents,  and  later  become 
fluid  and  tinged  with  bile  or  blood.  At  the  same  time  there  is 
a  burning  sensation  in  the  mouth  and  cesophagus,  with  a  sense 
of  constriction  at  the  base  of  the  throat.  Deglutition  is  difficult 
and  thirst  severe.  The  lips  and  buccal  mucous  membrane  some- 
times become  swollen,  and  there  is  salivation  in  some  cases. 
The  acts  of  vomiting  are  early  accompanied  by  violent  epigastric 
and  abdominal  pain  and  by  purging,  the  stools  being  watery  or 
"rice  water"  in  character,  and  suddenly  and  involuntarily  ex- 
pelled. The  pulse  is  at  first  accelerated,  but  the  arterial  tension 
is  rapidly  lowered,  and  the  pulse  and  respiration  shik.  There 
are  cramps  in  the  extremities,  sometimes  accompanied  by  spas- 
modic contraction,  which  may  even  become  general  and  dis- 
tinctly tetanic  in  character.'  The  skin  is  cold  and  moist,  there 
are  attacks  of  vertigo  and  syncope,  and  finally  loss  of  conscious- 
ness, collapse,  and  death  from  heart  failure. 

In  some  instances  violent  delirium  has  preceded  death,* 
while  in  other  cases  the  patient  has  become  drowsy  or  comatose.^ 
Death  has  also  been  known  to  occur  suddenly  during  a  muscular 
effort  on  the  part  of  the  patient.® 

'  Galtier:   "Toxicologie,"  i.,   504.  later  attacks,  during  one  of  which 

Dobie:  Lancet,  1887,  i.,  773.     Skae:  he  died,  were  as  markedly  those  of 

North.  J.  of  M.,  Edinb.,  1844,  i.,  289.  strychnin.     Although,  as  in  EUiot- 

^  Freer:    Lancet,     1847,    i.,     535.  son's  cases,  the  spasms  due  to  anti- 

Gabb:  Med.  Times  and  Gaz.,  1866,  mony  may  be  distinct  and  severe, 

ii.,    379.     Mason:    Brit.    M.    Jour.,  they  have  not   been  known  to   be 

1877,  i.,  674.  sufficiently  severe  and  prolonged  to 

^  The  occurrence  of  tetanus  as  an  cause  death  by  asphyxia  during  the 

effect  of  tartar  emetic  was  a  point  spasm,  as  strychnin  frequently  does, 

of  great  interest  in  the  Palmer  case  and  as  was  the  case  with  Cook.     The 

(see  Times  Report  of  Trial,  London,  theory  of  the  crown  that  Cook  was 

1856,  and  Elliotson:  M.  Times  and  fil-st  dosed  with  antimony  and  after- 

Gaz.,  1856,  n.  s.,  xiii.j  6-8).     Anti-  ward    killed    by  strychnin  is  most 

mony  had  been  found  m  the  cadaver  probably    correct,    notwithstanding 

of  the  deceased  as  well  as  in  that  of  the  partial  failure  of  the  analysis. 

Palmer's   mother,   which  had   been  *  Beale:     Lancet,     1854,     i.,    68. 

exhumed,     but    the    analysis    had  Beck:  "Med.  Jur., "  7th  ed.,  897. 

failed    to    show    the    presence    of  ^  Mason:    Brit.    M.    J.,    1877,    i., 

strychnin.     Yet,  although  the  symp-  674.     Dobie:  Lancet,  1887,  i.,  773. 

toms  in   Cook's  case   were  at   first  "Skae:     Northern     J.     of     Med., 

distinctly   those    of   antimony,    the  Edinb.,  1844,  i.,  2S9. 
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Some  one  or  more  of  the  prominent  symptoms  may  also  re- 
main absent.  Thus  in  one  instance  (not  fatal),  although  there 
were  incessant  nausea  and  great  prostration,  there  was  no  purg- 
ing. The  dose,  it  is  true,  was  small  (fifteen  minims  of  antimo- 
nial  wine  to  an  adult)  and  the  patient  recovered.*  In  two  in- 
stances the  patient  did  not  vomit,^  in  two  not  during  the  first 
hour,'  and  in  one  only  under  the  influence  of  an  emetic*  In 
Gabb's  case  pain  was  also  absent.  In  another  case,  although  the 
other  symptoms  were  pronounced,  there  was  neither  difficulty  in 
swallowing  nor  sense  of  heat  or  constriction  in  the  throat.^  In 
one  instance  the  urine  was  suppressed.*  In  two  instances  a  pecu- 
liar metallic  taste  is  noted,  not  as  the  first  but  as  a  rather  later 
manifestation.'  A  pustular  eruption  similar  to  that  produced  by 
inunction  was  observed  in  one  case  of  internal  administration.* 

The  external  application  of  tartar  emetic  causes  local  and 
systemic  effects.  A  pustular  eruption,  resembling  that  of  vari- 
ola in  appearance  (ecthyma  antimonale),  attended  with  pain, 
fever  and  oedema,  is  produced  upon  the  skin.  The  pustules 
first  resemble  little  knots  at  the  openings  of  the  skin  follicles, 
soon  increase  in  size,  become  inflamed  and  purulent,  and  form 
deep  crater-like  ulcers,  which  readily  become  gangrenous,  and 
sometimes  involve  exfoliation  of  bone.  The  action  upon  the 
skin  is  not  limited  to  the  surface  of  appUcation,  but  may  make 
its  appearance  at  points  far  distant,  as  upon  the  genitals  and  in- 
ternal surface  of  the  thighs,  after  inunction  to  the  breast  or 
shoulders.  The  usual  systemic  symptoms — naused,  vomiting, 
purging,  great  prostration,  and  frequent  fainting — also  follow 
absorption  from  external  apphcation;  and  complete  suppression 
of  urine  has  been  observed.  Death  has  been  caused  by  applica- 
tion of  tartar  emetic  to  the  uninjured  skin,'  as  well  as  by  its  ap- 
plication 1^0  wounded  surfaces. '^ 

'  Richardson:    Lancet,    1856,    i.,  Jour.,    Detroit,    1859-60,    ii.,    717. 

400.  Hulot:  Arch.   g6n.    d.   m^d.,    1S53, 

"  Beck:  "Med.  Jur.,"  7th  ed.,  897  5  s.,  i.,  475. 

(Serres).    Orfila:  "Tosicologie,"  *  Gleaves:  Loc.  rif. 

5eine  ed.,  i.,  625.  "  Krebs:    Beitr.    z.    prkt.    Heilk., 

'Gabb:    Med.    Times   and    Gaz.,  1834,    i.,    670.     Sigmund:    Lancet, 

1866,   ii.,    379.     Cleaves:   West.    J.  1838,  i.,  250.     Lewin:  "  Nebenwirk. 

M.  and  S.,  Louisv.,  1S4S,  3  s.,  i.,  23.  d.  Arzneimittel,"  2d  ed.,  1893,  681. 

'Orfila:  Op.  cj(.,  621.  See    also    Gillet:    Ann.    See.    m6d.- 

'  Procter:  Assoc.  M.  J.,  1853,  513.  chir.,  Li^ge,  1SS6,  xxv.,  S3. 

"Taylor:  "Poisons,"  3d  Am.  ed.,  "Sigmund:  Loc.  cit.  Tardieu  and 

443  (Carling).  Roussin:  "Empoisonnement,     2feme 

'Rynd:   Penins.    and    Ind.    Med.  cd.,  1866,  p.  610. 
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The  administration  of  repeated  doses  causes  nausea,  vomit- 
ing, purging,  great  prostration  and  weakness,  pains  in  the  stom- 
ach and  bowels,  heat  and  uneasiness  about  the  throat  and 
mouth,  constant  thirst,  and  a  foul  tongue.  The  person  becomes 
emaciated;  the  eyes  are  sunken  and  watery,  but  clear  and  intel- 
ligent; the  features  are  sharp  and  flushed;  the  skin  is  moist  and 
cool.  The  pulse  is  weak,  contracted,  and  very  rapid.  There 
are  local  spasms,  as  of  the  wrist,  early  in  the  poisoning.  The 
person  becomes  weaker  and  weaker;  the  cheeks  become  more 
hollow,  sharp,  and  pinched  looking,  though  still  flushed;  the  eyes 
red  and  sunken,  with  a  peculiar  wild  expression;  the  pulse  very 
weak  and  rapid,  and  the  tongue  more  foul.  Death  finally  results 
from  exhaustion.  During  such  a  case  more  violent  acute  symp- 
toms may  occur,  following  upon  a  renewed  administration  of 
the  poison,  and  the  patient  may  die  during  one  of  these. 

The  method  of  action  of  antimony  when  injected  intrave- 
nously or  hypodermically  as  sodium  tartar  emetic  is  very  similar 
to  that  of  arsenic.  It  causes  continuous  diminution  of  the  blood 
pressure  in  consequence  of  dilatation  of  the  vessels,  of  direct 
action  upon  the  heart,  and  of  disorders  in  the  central  nervous 
system;  and  also  gastro-intestinal  symptoms  due  to  congestion 
and  changes  in  the  mucous  membranes  of  the  stomach  and  intes- 
tines. In  experiments  upon  animals  Falck  found  a  notable 
diminution  in  the  body  temperature  in  acute  antimonial  poison- 
ing, from  4.4°  to  6.2°  C.  (7.9°  to  11.2°  F.).'  The  local  irritating 
effect  of  tartar  emetic  when  taken  by  the  mouth  is,  however, 
more  intense  and  more  prompt  than  that  caused  by  the 
arsenicals. 

Distribution— Elimination.— By  the  copious  and  persist- 
ent vomiting  and  purging  which  it  provokes  itself,  tartar  emetic 
is  in  large  part  expelled  soon  after  having  been  swallowed. 
Not  only  is  tartar  emetic  taken  by  the  mouth  expelled  by  vomit- 
ing and  purging,  but  even  when  it  enters  the  circulation  by 
other  channels  it  is,  like  arsenic,  eliminated  by  the  gastric  and 
intestinal  mucous  membranes.  Brinton^  found  antimony  in  the 
stomach  contents  of  a  dog  fifteen  minutes  after  its  injection  into 
the  femoral  artery.     The  gastro-intestinal  symptoms  observed 

'  "Lehrb.  d.  pr.  Toxikol.,"   104.      f.  exp.  Path.  u.  Ph.,  1880,  xii.,  438. 
See  also  Nobiling:  Zeitsch.  f.  Biol.,       Kobert:  Ibid.,  1882,  xv.,  22. 
1868,  iv.,  40.     Soloweitschyk:  Arch.  ^  Lancet,  1853,  ii.,  599. 
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after  external  applications  of  tartar  emetic  are  no  doubt  ac- 
companiments of  its  elimination,  as  they  are  with  arsenic. 
Owing  to  this  action  of  the  gastric  mucous  membrane  we  would 
expect  that  the  tissue,  at  least,  of  that  organ  would  contain  an- 
timony in  cases  in  which  death  had  followed  the  ingestion  of  a 
single  poisonous  dose  within  the  average  period  of  duration, 
even  though  there  had  been  copious  emesis.  Yet  in  Ranke's 
case,  in  which  the  patient  died  in  six  hours,  and  in  which  the 
accused  confessed  to  having  administered  1  gm.  (15.4  grains)  of 
tartar  emetic.  Professor  Buchner  failed  to  find  antimony  in 
either  the  stomach  or  intestines  or  their  contents.^  With  such 
results  we  should  be  disposed,  in  the  absence  of  chemical  exam- 
ination of  other  portions  of  the  body,  rather  to  question  the 
accuracy  of  the  confession  than  to  conclude  with  Buchner  that 
a  large  dose  had  been  taken.  In  two  early  cases,  in  one  of 
which  death  followed  an  ingestion  of  tartar  emetic  in  about 
ten  hours,  while  in  the  other  life  was  prolonged  for  more  than  two 
days,  antimony  was  found  in  the  stomach.^  Unfortunately,  as 
bearing  upon  this  and  other  questions  of  elimination  and  dis- 
tribution of  antimony,  we  have  no  investigation  by  modern 
methods  made  in  cases  of  accident  or  suicide;  while  to  draw 
inferences  from  homicidal  cases,  in  which  the  conditions  of  ad- 
ministration are  not  known  but  sought  to  be  proved,  is  to  argue 
in  a  circle.  In  the  cases  of  Mrs.  Pritchard  and  Mrs.  Taylor,  in 
which  the  autopsies  were  made  three  and  thirty-three  days, 
respectively,  after  death,  Maclagan^  found  the  following  quantities 
of  antimony,  calculated  as  tartar  emetic:  contents  of  stomach 
0  and  18.1  mgm.;  liver,  254.56  and  74.58;  and  in  the  former  case 
14.13  mgm.  were  obtained  from  the  urine  and  7.84  mgm.  from 
the  bile.  In  three  cases  of  homicidal  poisoning  in  which  the 
analyses  were  made  soon  after  death  and  after  one  and  five  years' 
burial,  respectively,  Stevenson*  found  the  following  quantities  of 
antimony,  calculated  as  tartar  emetic:  In  the  stomach  and  con- 
tents, 41.47,  20.74,  and  5.18  mgm.;  intestinal  contents  1078.27, 
1518.26,  and  74.52;  liver,  128.30, 294.84,  and  156.8;  kidneys,  25.27, 
51.14,   and  11.66.     In  the  first  case  30.46  mgm.  were  obtained 

•Friedreich's    Bl.    f.    ger.    Med.,  '  Roughead:  "Trial  of  Dr.  Pritch- 

1879,  XXX.,  241.  ard,"  1906,  pp.  164,  168. 

'  Ellis:   Boston  M.  and  S.   Jour.,  '  Brit.  Med.  J.,  1903,  i.,  873. 

1856-57,   Iv.,   400.     Beale:   Lancet, 
1854,  i.,  68. 
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from  the  brain,  and  a  part  of  the  antimony  contained  in  the 
cadaver  was  still  in  a  soluble  form.  In  the  Cox-Fournier  case 
the  author  found  586.3  mgm.  in  the  stomach  and  contents  and 
366.5  in  the  intestines,  these  being  the  only  parts  available  for 
analysis. 

That  antimony  is  eliminated  by  the  urine  (which  is  usually 
increased  in  quantity)  was  shown  by  observations  upon  the  hu- 
man subject  by  Orfila,'  and  by  Millon  and  Laveran.^  The  elim- 
ination begins  very  shortly  after  the  ingestion.  Wormley^  men- 
tions an  instance  in  which  antimony  was  found  in  the  urine  five 
minutes  after  "0.01  gm.  of  antimony  in  solution"  had  been 
taken.  Millon  and  Laveran  also  noticed  that  there  were  inter- 
missions in  the  elimination,  during  which  the  urine  did  not 
contain  antimony,  and  that  antimony  was  present  in  the  urine 
in  several  cases  sixteen,  seventeen,  eighteen,  nineteen,  twenty, 
and  twenty-four  days  after  the  last  administration.  One  of  the 
two  twenty-four-day  patients  died  of  phthisis,  and  antimony  was 
found  in  the  liver.  That  antimony  may  be  detectable  in  the 
liver  at  longer  periods  after  administration  is  shown  by  ex- 
periments upon  animals;  but  for  what  period  it  may  remain  de- 
tectable in  the  human  subject,  whether  after  single  or  repeated 
administrations,  is,  so  far  as  we  know,  not  determined  by  ob- 
servation. The  statements  of  Chapuis  that  "  if  the  doses  of  the 
poison  have  been  repeated,  it  may  still  be  characterized  (in  the 
cadaver)  three  months  after  death;"*  and  of  Kobert,  that  "the 
metal  (antimony)  may  remain  stored  up  in  the  liver  for  several 
months,"^  while  valuable  as  opinions,  do  not,  so  far  as  we  know, 
rest  upon  actual  observation  in  the  human  subject. 

We  cannot  agree  with  Chapuis  in  the  opinion  that  the 
liver  will  not  contain  antimony  if  death  have  resulted  rapidly 
from  a  single  dose.°  Antimony  acts  only  after  absorption, 
and  absorption  from  the  alimentary  canal  involves  passage 
through  the  Hver.  While  localization  in  the  Uver  tissue  may 
continue,  and  the  maximum  of  saturation  be  only  reached  later, 
the  poison,  in  its  passage  from  the  alimentary  canal,  must  reach 
the  liver  within  a  few  minutes  of  its  ingestion,  and  probably 

'  "Toxicologie,"  56me  ed.,  i.,  619.  *  "Precis    de    toxicologie,"  2eme 

^  Ann.  d'hyg.,  Paris,  1846,  xxxvi.,  ed.,  189. 

221.  ^  "Intoxikationen,"  266. 

^"  Micro-chemistry    of    Poisons,"  "  See  p.  356. 
2d  ed.,  238. 
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remains  present  in  that  organ  so  long  as  any  of  it  is  in  the  body, 
excepting  that  portion  retained  in  the  bones,  or  at  all  events  until 
shortly  before  the  last  traces  are  in  course  of  elimination  by  the 
kidneys. 

Antimony  also  passes  into  the  milk;  not,  however,  in  suffi- 
cient quantity  to  render  the  milk  of  cows,  to  which  one  of  many 
antimoni&l  preparations  used  in  veterinary  medicine  is  adminis- 
tered, dangerous  to  adults  or  even  to  children. ' 

Experiments  on  Animals. — Orfila  in  1840,^  experimenting  with 
dogs,  found  that,  after  death  from  single  large  doses  of  tartar  emetic 
given  by  the  stomach,  antimony  was  found  in  large  amount  in  the 
liver  and  particularly  in  the  kidneys,  and  only  in  small  quantity  in  the 
spleen,  lungs,  and  heart;  and  that  antimony  is  also  found  in  the  liver 
and  urine  after  endermic  application. 

Millon  and  Laveran'  in  1846  administered  three  grains  of  tartar 
emetic  in  repeated  doses  during  ten  days  to  each  of  five  dogs.  In  one, 
which  died  in  six  days,  antimony  was  found  in  the  liver,  muscle,  in- 
testines, lungs,  and  brain.  In  another  which  died  in  three  daj-s  the 
brain  contained  a  larger  proportion  than  the  other  organs.  In  another 
which  died  in  six  weeks  from  another  cause,  antimony  was  found  in 
notable  quantity  in  the  liver  and  fat,  but  particularly  in  the  bones. 
The  fourth  was  killed  in  three  and  one-half  months,  and,  while  the 
liver,  bones,  and  other  organs  contained  antimonj^,  50  gm.  of  the  fat 
contained  as  much  as  500  gm.  of  the  other  tissues.  In  the  fifth,  four 
months  after  the  administration,  antimony  had  accumulated  in  the 
bones.     The  liver  contained  a  large  quantity,  the  other  organs  but  little. 

In  1856  Richardson*  found  antimony  in  the  blood,  vomit,  rectum, 
lungs,  liver,  stomach,  bladder,  kidneys,  and  small  intestines,  in  propor- 
tion diminishing  in  the  order  named,  of  a  dog  which  died  in  one  and 
two-thirds  hours  after  the  injection  of  oi-  of  tartar  emetic  in  solution 
into  the  cellular  tissue;  while  in  another  dog,  killed  in  seven  days  by 
the  daily  application  of  tartar-emetic  ointment  to  a  wound,  no  antimony 
was  found  in  the  brain,  but  it  was  found  in  larger  amount  in  the  liver 
and  spleen  than  in  other  organs. 

Nevins  in  1856*  administered  dry  tartar  emetic  in  doses  of  gr.  ss., 
gr.  i.,  and  gr.  ij.,  respectively,  four  times  a  day  to  each  of  twelve  rabbits, 
which  were  killed  from  day  to  day  until  they  began  to  die  from  the 
effects.  Antimony  was  always  present  in  the  liver  after  gr.  v.  had 
been  given,  and  it  appeared  in  that  organ  before  its  presence  was  clearly 

'  Baum:  "  Ber.  u.  d.   Verterinar-  ^  hoc.  cit. 

wesen  in  Sachsen,"  1892,  156.  *  Lancet,  1856,  i.,  400,  508. 

^Tox.  g^n.,  .5i>me  ed.,  i.,  618.  »  Liverp.  Med.-Chir.  J.,  1S57,  i. 
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proved  elsewhere;  it  next  appeared  in  the  kidney,  and  after  fifteen 
days  was  present  in  the  bones.  Its  presence  was  also  easily  proved  in 
the  blood,  lungs,  urine,  and  fseces.  In  the  brain  it  was  never  clearly 
present,  and  its  evidence  in  the  muscles  was  very  slight.  Antimony 
was  constantly  passing  off  in  the  urine  and  fseces,  and  it  was  abundant 
in  both  in  some  rabbits  which  had  survived  twenty-one  days  after  the 
last  dose  had  been  given ;  and  in  the  fseces  it  was  slightly  present  thirty 
days  after  the  last  dose.  It  disappeared  from  the  liver  before  the 
fifteenth  day,  and  from  the  kidneys  somewhat  later  than  this,  while  it 
was  found  abundantly  in  the  bones  thirty-one  days  after  the  last  dose 
had  been  given. 

The  results  of  the  experiments  of  Chittenden  and  Blake,'  in  which 
more  perfect  analytical  methods  were  used,  may  be  thus  tabulated : 


Mgm.  in  100  gm. 


I. 


II. 


III. 


IVa. 


IVfe. 


Va. 


Yb. 


Via.  iVIfe. 


Liver  

Brain    

Heart    1 

Lungs  J 

Stomach  and  intestine 

Muscle    

Kidney 


12.21 
2.18 

2.18 

1.08 
0.90 
1.25 


2.38 

4.03 

2.40 

2.22 

3.63 

1.47 

1.93 

2.04 

0.92 

0.66 

0.45 

5.21 

1.72 

6.34 

2.96 
4.4 

l{ 

15.3 
1.11 
1.92 


5.855.24 

9.6 

2.28 

1.5l'o.5 

0.66 
0.36 

0.70 
1.28 

|2.22 

1.06b. 45     0.91 

0.9 

2.15 

0.12 

7.4 

I.  Cat:  0.12  gm.  tartar  emetic,  under  the  skin,  died  in  two  hours. 
II.  Rabbit:  0.083  gm.  tartar  emetic,  hypodermic  in  three  doses,  died 
in  twenty-two  hours  after  first.  III.  Cat:  0.15  gm.  tartar  emetic, 
hypodermic,  died  in  four  and  one-half  hours.  IV.  Two  rabbits:  a., 
0.8  gm.  tartar  emetic,  hypodermic,  in  four  hours  ten  minutes  0.8  gm. 
more,  died  twenty  minutes  later.  6.,  0.08  gm.  tartar  emetic,  in  solution 
into  rectum,  in  four  hours  five  minutes  0.16  more  by  rectum.  First 
injection,  11:45  a.m.,  died  during  night.  V.  Two  dogs:  a.,  0.762  gm. 
tartar  emetic  fed  during  seventeen  days,  two  to  three  doses  daily,  no 
vomiting,  killed  by  chloroform  six  hours  after  last  dose.  6.,  2.073 
gm.  antimony  trioxid  fed  during  seventeen  days.  Killed  by  chloroform 
eight  hours  after  last  dose.  VI.  Two  rabbits:  a.,  2.34  gm.  tartar  emetic 
fed  in  gradually  increasing  doses;  died  in  seventeen  days,     b.,  anti- 


'  Studies  Lab.  Sheffield  So.  Sch., 
Yale,  1887,  ii.,  68. 

IV.— 24 


*  ^  Stomach  and  small  intestines; 
the  rectum  and  adjoining  intestine 
contained  3.05. 
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mony  trioxid,  containing  the  same  amount  of  antimony  (1.08  gm.)  fed 
during  seventeen  days ;  Icilled  by  chloroform. 

The  principal  conclusions  drawn  by  the  authors  from  these  experi- 
ments are  that  the  brain  has  a  decided  tendency  to  absorb  and  retain 
antimony,  even  when  administered  as  antimony  trioxid,  which  is  less 
completely  absorbed  than  tartar  emetic;  that  under  the  conditions  in 
experiment  II.,  the  distribution  is  more  even  when  death  occurs  more 
rapidly,  as  in  experiment  I.;  that  the  elimination  of  absorbed  antimony 
proceeds  somewhat  rapidly,  the  proportion  in  the  liver  diminishing 
and  that  in  the  kidneys  increasing  relatively;  and  that  the  epithelial 
cells  of  the  stomach  and  small  intestines  have  a  special  absorpti\-e 
action  for  antimony. 

The  same  observers  in  another  series  of  experiments  with  a  dog,' 
from  the  results  of  which  they  conclude  that  the  administration  of 
small  repeated  doses  of  antimony  trioxid  has  no  influence  upon  protein 
metabolism,  found  that  with  daily  doses  of  one  to  two  grains  during 
thirteen  days,  or  16  grains  (1.037)  gm.  in  all,  there  were  eliminated  in 
the  twenty-four  hours'  urine  of  the  seventh  day  13.5  mgm.  of  metallic 
antimony,  and  on  the  thirteenth  day  22.4  mgm. — amounts  correspond- 
ing to  17  and  25  per  cent,  of  the  daily  doses.  On  the  first  and  third 
days  after  cessation  of  the  administration  the  urine  contained  17.6 
and  15.1  mgm.  of  antimony,  respectively.  The  amounts  in  the  faeces 
were  not  determined. 

Pouchet,'  experimenting  with  rabbits  by  repeated  administrations 
extending  over  fifty  to  two  hundred  and  fifteen  days,  only  found  anti- 
mony in  notable  quantity  in  the  alimentary  canal.  The  bones,  kidneys, 
liver,  skin,  hair,  and  muscles  contained  only  traces,  and  the  brain  none. 
In  experiments  on  dogs  with  antimony  and  arsenic,  he  found  that  the 
brain,  cord,  muscles,  and  liver  contained  arsenic,  but  no  antimony; 
and  the  alimentary  canal  contained  small  quantities  of  arsenic  and 
large  quantities  of  antimony.  It  appears  that  the  ilarsh  method  was 
used,  by  which  the  totaUty  of  the  antimony  is  not  recovered.' 

Cieohanowski,*  in  experiments  with  rabbits  in  acute  poisoning  by 
tartar  emetic,  found  the  greatest  amount  in  the  intestine  and  contents. 
The  quantity  in  the  liver  was  the  greater  with  longer  survival,  the 
amount  in  the  kidneys  relatively  greater  than  that  in  the  liver;  and 
only  small  quantities  in  nervous  tissues. 

Tre.\tment. 

The  best  antidote  is  tannin,  either  in  aqueous  solution  or  in 
aqueous  extracts  of  oak  barl^,  cinchona,  coffee,  or  tincture  of 

'  Loc.  cit.,  p.  So.  3  ggg  p   3-- 

'  C.  r.  Ac.  Sc,  1901,  cxxxiii.,  526.  *  Ann.  d'hyg.,  1898,  3  s.,  xl.,  125. 
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cinchona,  or  other  tinctures  containing  tannin.  The  purpose  is 
the  formation  of  the  insoluble  tannate.  As  this  is,  however, 
soluble  in  solutions  of  tartaric  acid,  that  acid  or  substances  con- 
taining it  are  to  be  avoided.  The  stomach  should  be  washed 
out.  Oils,  mucilage,  milk,  albumin,  are  of  some  value,  but  only 
mechanically.  Pain  is  to  be  controlled  by  opiates,  and  heart 
failure  to  be  combated  by  caffein,  alcohol,  ether,  atropin,  cam- 
phor, etc. 

In  chronic  cases  elimination  is  promoted  by  administration 
of  iodids. 

Post-mortem  Appearances. 

The  lesions  caused  by  antimony  closely  resemble  those  due  to 
arsenic.  In  two  cases  of  exhumation,  after  one  and  five  years' 
burial,  the  bodies  were  exceptionally  well  preserved,  although 
the  conditions  in  the  longer  burial  favored  putrefaction.' 

A  scarlatinal  or  vesico-pustular  eruption  is  sometimes  ob- 
served upon  the  skin  in  places,  both  in  cases  of  short  and  of  pro- 
longed duration.  Pustules  and  aphthse  are  also  found  in  the 
mouth,  oesophagus,  and  stomach.  Or  the  mouth  and  tongue 
are  not  sensibly  altered,  except  that  the  former  contains  much 
viscid  mucus,  while  the  pharynx  and  oesophagus  are  coated  with 
a  dense,  yellowish-white  pseudo-membranous  deposit,  forming 
a  hollow  tube  and  filled  with  a  reddish  frothy  mucus.  ^  The 
mucous  membrane  of  the  stomach  is  marked  with  the  pustules 
already  mentioned,  which  appear  to  be  the  most  characteristic 
lesion,  although  they  may  be  absent  and  the  stomach  appear 
normal,  as  in  a  suicidal  death  which  followed  an  ingestion  of 
the  poison  in  ten  hours,  ^  and  in  which  no  lesions  were  found 
above  the  lower  part  of  the  small  intestines;  and  in  an  accidental 
death  after  0.15  gm.  (2.3  grains)  were  taken.*  Perforations 
of  the  stomach  are  never  observed  as  the  result  of  the  action  of 
tartar  emetic,  and  ulcerations  only  exceptionally.^     The  stomach 

'  Stevenson:  Brit.  M.  J.,  1903,  i.,  involved  in  the  small  intestine;  the 

873.  gastric  mucous  membrane  inflamed, 

"  Durand-Fardel:     Bull.    g^n.    d.  disorganized    at    the    larger    curva- 

th6r.,  1843,  XXV.,  370.  ture,  and,  at  the  pylorus,  suppura- 

^  Ellis:  Boston  M.  and  S.  J.,  1856-  tion   of   the   follicles.     And  in   one 

57,  Iv.,  400.  of  Hartley's  cases  (Lancet,  1846,  i., 

*  Gaz.  d.  hop.,  Paris,  1853,  xxvi.,  460)  there  were  two  or  three  white 

147.  spots  in  the  gastric  mucous  mem- 

'"  In  Le  Boutillier's  case  {loc.  cit.)  brane  of  the  size  of  split  peas  which 

the  intestines  are  described  as  ulcer-  under  a  magnifying  glass  appeared 

ated,  the  muscular  coat  being  deeply  to  be  beginning  of  ulceration. 
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may  be  empty,  but  usually  contains  considerable  thick,  grumous, 
or  gruel-like  reddish  liquid.  In  both  of  Stevenson's  cases  of 
exhumation'  extensive  patches  of  cinnabar-red  or  orange- 
colored  material  containing  antimony  trisulfid  were  found  in  the 
stomach  and  intestines. 

Fatty  degeneration  of  the  liver,  kidneys,  heart,  muscular 
tissue  of  the  diaphragm  and  gastric  follicles,  first  noted  by  Sai- 
kowski^  in  the  chronic  form,  is  a  constant  effect  of  the  pro- 
longed action  of  tartar  emetic,  and  probably  also  exists  in  some 
degree  in  all  cases.  If  sHght  in  degree  it  is  only  recognized 
on  microscopic  examination. 

The  lungs  are  usually  dark  in  color  and  are  the  seat  of  in- 
flammation and  hepatization;  although  this  is  not  constant,  as 
in  Laveran's^  case  they  were  healthy,  and  rather  anaemic  than 
congested.  As  secondary  appearances  congestion  of  the  dura 
mater,  effusions  into  the  arachnoid  and  ventricles,  and  conges- 
tion of  the  cerebral  vessels  may  be  noted. 

ANALYSIS. 

The  detection  of  antimony-  is  a  comparatively  simple  matter. 
The  method  followed  is  the  same  as  that  used  in  the  search  for 
arsenic  (to  the  description  of  which  in  this  volume  we  refer), 
except  in  certain  points,  some  of  which  will  be  discussed  here, 
others  under  "Arsenic." 

The  separation  of  antimony  from  arsenic  and  from  tin 
is  an  essential  step  in  the  process.  The  distinction  between  an- 
timony and  arsenic  is  easy;  their  complete  separation,  when  both 
are  present,  by  no  means  so  easy. 

The  method  most  generally  used  for  their  separation  is  by 
the  Meyer  fusiox,  based  upon  the  extremely  sparing  solubility 
of  sodium  pyroantimonate  and  the  ready  solubility  of  sodium 
arsenate  in  water  and  in  alkaline  liquids,  which  effects  not  only 
a  complete  destruction  of  any  remaining  organic  material,  but 
also  serves  to  afford  one  point  of  distinction  between  antimony 
and  arsenic,  and  to  separate  them  almost  completely  from  one 
another,  if  not  completely.  The  precipitated  sulfids  soluble  in 
ammonium  sulfid  freed  from  chlorids  (TV.)  (see  p.  194)  are  first 

'  Loc.  cit.  'Tardieu:       "  Empoisoimement," 

2  Arch.  f.  path.  Anat.,  etc.,  Isti5,       2enie  ed.  1S66,  ti27, 
xxiv.,  73, 
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oxidized  partially  by  fuming,  chlorin-free  nitric  acid,  first  at  the 
ordinary  temperature,  and  then  on  the  water-bath,  the  nitric 
acid  being  then  removed  in  great  part  by  moistening  the  residue 
with  water  and  drying  it  on  the  water-bath  several  times.  The 
residue  is  then  treated  with  water  and  a  small  quantity  of  caustic 
soda  (free  from  carbonate)  to  alkaline  reaction;  a  suitable 
quantity  of  a  mixture  of  one  part  of  disodic  carbonate  and  two 
parts  of  sodium  nitrate  (both  free  from  chlorid  and  pulverized)  is 
added,  and  the  mass  dried  in  a  capsule.  The  completely  dried 
residue  is  transferred  in  small  portions  to  a  heated  porcelain 
crucible,  each  portion  being  heated  to  quiet  fusion  before  addition 
of  another.  Under  this  treatment  it  turns  brown  or  black  at  first 
and  subsequently  colorless  or  faintly  greenish.  Should  it  remain 
dark  after  continued  fusion  a  further  quantity  of  sodium  nitrate 
is  to  be  added  and  the  fusion  continued  until  the  color  is  completely 
discharged,  unless,  indeed,  the  color  be  in  a  heavy  black  powder 
which  readily  settles  to  the  bottom  and  which  consists  of  cupric 
oxid.  Any  antimony  present  will  now  exist  as  sodium  pyroanti- 
monate,  any  arsenic  as  sodium  arsenate,  and  any  tin  as  stannic  oxid. 
The  cooled  residue  is  then  treated  with  a  small  quantity  of  water, 
with  which  it  is  warmed,  and,  if  necessary,  with  further  quan- 
tities of  water,  until  the  cake  is  completely  dissolved,  except 
possibly  a  small  quantity  of  white,  powdery  material  and  some 
heavy  black  powder.  The  solution,  whether  clear  or  cloudy,  is, 
after  having  cooled  completely,  treated  with  carbon  dioxid  for 
a  few  minutes  to  convert  any  sodium  hydroxid  possibly  present 
into  the  carbonate,  and  thus  precipitate  a  small  quantity  of  stan- 
nic oxid  which  may  have  dissolved  in  the  caustic  alkali.  The 
solution  is  separated  from  that  which  remains  undissolved  by 
filtration  through  a  very  small  filter,  and  the  undissolved  resi- 
due is  washed  first  with  water  and  then  with  dilute  alcohol. 
Arsenic  passes  into  the  solution,  antimony  and  tin  and  possibly 
copper  remain  in  the  residue.  To  separate  antimony  from  tin, 
should  the  latter  be  present,  the  dried  filter  and  its  contents  are 
heated  in  a  weighed  porcelain  crucible  until  the  paper  is  reduced 
to  ash;  small  quantities  of  dry  powdered  potassium  cyanidare 
added,  and  the  heating  continued  to  fusion  of  the  cyanid  and  in- 
cipient redness.  The  material  turns  dark,  and  a  gray  powder 
or  metallic  globules,  or  both,  consisting  of  antimony  or  tin  liber- 
ated by  reduction  of  their  compounds  by  the  cyanid,  separate. 
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Should  copper  be  present  it  will  appear  with  its  characteristic 
color.  The  cooled,  fused  mass  is  extracted  with  water  and 
transferred  to  a  weighed  capsule,  in  which  it  is  washed  by  de- 
cantation — first  with  water,  then  with  alcohol,  and  finally  with 
ether — dried  and  weighed.'  A  portion  sometimes  adheres  te- 
naciously to  the  crucible,  the  weight  of  which  may  be  deter- 
mined. The  washings  when  decanted  are  passed  through  a 
small  filter,  which  with  proper  manipulation  should  remain  per- 
fectly clean.  To  detect  the  presence  of  tin  a  portion  of  the 
metal-like  powder  is  treated  with  hydrochloric  acid  and  warmed; 
tin  is  dissolved  as  stannous  chlorid,  antimony  remains.  The 
liquid  is  tested  for  tin  by  addition  of  a  few  drops  to  a  small 
quantity  of  a  dilute  solution  of  mercuric  chlorid.  A  white 
cloud  or  precipitate  indicates  the  presence  of  tin.  The  residue, 
free  from  tin,  is  next  warmed  with  concentrated  nitric  acid, 
evaporated  to  dryness,  and  the  residue  treated  with  water.  The 
water  separated  from  the  undissolved  material,  which  is  now 
white,  is  tested  for  copper.^  The  remaining  antimonial  com- 
pounds are  dissolved  in  a  mixture  of  hydrochloric  and  nitric 
acids;  the  excess  of  nitric  acid  is  expelled  by  warming  over  the 
water-bath,  and  the  remainder  is  diluted  with  water.  If  a 
cloudiness  be  produced  on  dilution  hydrochloric  acid  is  added, 
and  aliquot  parts  of  the  solution  so  obtained  are  used  for  the  ap- 
plication of  the  other  tests  for  antimony  and  for  quantitative 
determination. 

Although  the  language  of  Otto  would  seem  to  indicate  that 
by  this  method  a  complete  separation  of  antimony  and  arsenic 
is  attained,^  such  is  not  the  case  absolutely.  Sodium  pyroanti- 
monate  is  not  insoluble,  but  only  extremely  sparingly  soluble, 
even  in  alkaline  solutions;  and  as  W.  Fresenius  has  said,*  small 
quantities  of  antimony  pass  into  the  aqueous  solution.  The 
quantity  dissolved  is,  however,  extremely  small  if  the  amounts 
of  solvent  and  wash  liquid  are  kept  within  proper  limits;  and 
of  the  processes  hitherto  suggested  for  the  separation  of  anti- 
mony and  arsenic,  this  yields  the  best  results.     Moreover,  this 

'  The  washing,  drying,  and  weigh-  ^  "  Ausmittelung   der   Gifte,"   6te 

ing  should  be  performed  as  rapidly  Aufl.,  1884,  164.     The  latter  part  of 

as  possible.  the  note  modifies  the  statement  in 

^  In  the  liver  copper  is  almost  in-  the  text  somewhat, 

variably  present,  and  is  here  washed  *  Ztsch.  f.  an.  Chem.,   1881,  xx., 

out  and  quantitatively  determined  536. 
in  part. 
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method  affords  one  important  safeguard  against  the  possilDility 
for  mistaking  antimony  for  arsenic  in  the  Marsh  test,  for  if  an- 
timony be  not  present  in  quantity  sufficient  to  leave  an  insoluble 
residue  at  this  stage,  it  will  also  not  be  present  in  sufficient 
amount  to  respond  to  the  Marsh. 

Methods  for  the  separation  of  antimony,  arsenic,  and  tin, 
based  upon  the  same  fundamental  facts  as  to  solubilities  as  the 
Meyer  method,  in  which,  however,  oxidation  is  effected  at  the 
ordinary  temperature  by  hydrogen  peroxid  or  by  sodium  per- 
oxid,  have  been  suggested.  Trials  of  these,  however,  with  va- 
rious modifications  have  convinced  us  that  they  are  in  any  form 
yet  devised  less  manageable  and  less  reliable  than  the  Meyer 
method. 

In  Rose's  method,'  which  is  more  applicable  to  analyses 
of  alloys,  antimony  and  arsenic  are  brought  into  the  same 
forms  of  combination  as  in  Meyer's  method  by  fusion  with 
caustic  soda  in  a  silver  crucible.  The  resulting  mass  is  treated 
with  hot  water  until  that  which  is  insoluble  appears  finely 
granular;  a  little  water  is  added  and  enough  alcohol  of  0.83 
specific  gravity  to  make  the  proportion  of  alcohol  to  water  1 :  3. 
After  standing  twenty-four  hours,  with  frequent  stirring,  the 
liquid  is  filtered  off  and  the  residue  washed  with  alcohol  of  in- 
creasing strength,  first  1  :  3,  then  1  :  2,  then  1  :  1,  then  3:1, 
the  washing  being  continued  until  a  sample  is  not  colored  when 
acidulated  with  hydrochloric  acid  and  treated  with  hydrogen 
sulfid.  Antimony  remains  in  the  residue,  arsenic  and  tin  pass 
into  the  solution. 

Bunsen's  method,^  based  upon  the  precipitation  of  anti- 
mony and  tin  from  a  solution  of  the  three  sulfids  in  potassium 
sulfid  solution  by  sulfurous  acid,  while  the  arsenic  remains  in 
solution;  and  Clark's  method,^  based  upon  the  different  solu- 
bilities of  the  sulfids  in  oxalic  acid  solution  and  the  different  ac- 
tions of  hydrogen  sulfid  upon  the  solutions  of  those  dissolved,  are 
not  so  satisfactory  or  reliable  as  those  above  mentioned. 

Or  the  separation  may  be  effected  by  the  magnesia  method. 
The  sulfids  are  oxidized  by  nitric  acid  or  otherwise;  tartaric  acid 

'"Anal,    quantit.,"    Paris,    1862,  also   Nilson:   Ztschr.   f.   an.  Chem., 

.557;  andFresenius:  "Quant.  AnaL,"  1877,  xvi.,  417;  1879,  xvii.,  165,  264.' 
6te  Aufl.,  i.,  634.  3  chem.    News,    1870,    xxi.,    124. 

^  Ann.   d.  Chem.  u.  Ph.,   cvi.,   3.  Fresenius:     Loc.  cit. 
Fresenius:    Op.    cit.,    ii.,    636.     See 
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and  a  considerable  quantity  of  ammonium  chlorid  are  added,  and 
then  an  excess  of  ammonium  hydroxid.  If  a  cloudiness  be  formed 
at  this  point  the  quantity  of  tartaric  acid  or  of  ammonium 
chlorid  is  insufficient.  Magnesia  mixture'  is  then  added  in 
sufficient  quantity  and  the  mixture  allowed  to  stand  forty-eight 
hours,  when  the  precipitate  is  collected  on  a  filter  (using  the 
liquid  itself  until  all  the  solid  is  on  the  filter)  and  washed  with  a 
mixture  of  three  parts  of  water  and  one  of  ammonium  hydroxid, 
until  the  washings  do  not  precipitate  with  nitric  acid  and  silver 
nitrate.  The  filtrate  and  washings  contain  the  antimony,  the 
precipitate  the  arsenic. 

This  method  is  sometimes  available  in  toxicological  investi- 
gations, although  more  cumbrous  than  the  Meyer  method,  and 
generally  not  to  be  preferred  to  it. 

Davy's^  or  Naquet's^  method  and  Thiele's*  method  aim  at 
the  separation  of  arsenic  and  antimony  when  existing  in  their 
gaseous  hydrogen  compounds.  In  the  former  the  action  of 
silver  nitrate  is  taken  advantage  of.  The  arsenical  compound, 
when  decomposed  by  the  silver  solution  through  which  it  is 
passed,  deposits  elementary  silver  as  a  dark  powder,  while 
all  of  the  arsenic  remains  in  the  solution  as  silver  arsenite;  but 
when  the  antimonial  gas  is  similarly  decomposed,  all  of  the  anti- 
mony combines  with  the  liberated  silver,  and  is  precipitated  as 
silv-er  antimonid.  The  separation  of  antimony  from  arsenic 
may  then  be  effected  by  simple  filtration  and  washing. 

Thiele's  method  is  based  upon  the  fact  that  hydrogen  anti- 
monid is  decomposed  at  a  lower  temperature  than  hydrogen  ar- 
senid.  The  mixed  gases  are  passed  through  a  coil  of  tubing 
heated  to  208°-210°  (406.5°^10°  F.),  beyond  which  antimony 
is  deposited,  while  the  arsenic  is  only  separated  in  a  second  tube 
heated  to  redness. 

While  these  methods  may  effect  a  complete  separation  of  the 
two  elements  in  a  mixture  of  gases  (and  the  first  mentioned  cer- 
tainly does),  neither  these  nor  any  other  method  based  upon  the 
formation  of  the  hydrogen  compounds  by  nascent  hydrogen  are 

'  Eleven     parts     of     MgCl,     and  ^  Chem.  News,  1876,  xxxiii.,  58. 

twenty-eight  parts  NH^Cl,  dissolved  ^  "  Legal  Chemistry,"  Battershall's 

'in  one  hundred  and  thirty  parts  HjO       transl.,  2d  ed.,  34. 
and   seventy   parts   dilute    NH^HO  *  Ann.  d.  Ch.,   1891,  cclxiii.,  361. 

added,  and  filtered  after  two  days.         Baumert:  "Lehrb.  d.  ger.  Chem.," 

212. 
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applicable,  as  pointed  out  by  Fresenius, '  to  the  separation  of  ar- 
senic from  antimony  in  solutions,  for  the  reason  that  "portions 
of  the  arsenic  and  antimony  are  not  given  off  as  hydrogen 
arsenid  or  antimonid,  but  remain  in  the  generating  vessel." 
So  far  as  arsenic  is  concerned  this  objection  is  groundless,  as  it 
has  been  shown  by  Gautier,^  and  by  Chittenden  and  Donaldson,* 
and  repeatedly  verified  by  others,  that  with  proper  precautions 
(see  "Arsenic,"  Marsh  Test)  the  totality  of  the  arsenic  intro- 
duced into  the  generator  is  evolved  as  hydrogen  arsenid.  But 
with  antimony,  in  repeated  experiments  under  the  most  va- 
ried conditions,  we  have  never  succeeded  in  regaining  all  of 
the  antimony  introduced,  and  in  some  instances  the  loss  was 
as  great  as  that  observed  by  Reichardt,*  of  one-third  of  the 
amount  introduced.^ 

For  the  methods  of  Schneider  and  Fype,  Fresenius  and 
VON  Babo,  Piloty  and  Stock,  Marsh,  and  Reinsch,  see  under 
"  Arsenic." 

Reactions  of  Antimony. — 1.  Water  in  sufficient  amount 
produces  in  solutions  of  antimony  trichlorid  (solutions  produced 
by  the  action  of  hydrochloric  acid,  either  alone  or  in  connection 
with  potassium  chlorate,  or  of  nitric  acid  upon  antimony  or  any 
of  its  compounds  capable  of  solution)  a  white  precipitate  of  anti- 
mony oxychlorid  (powder  of  Algaroth).  The  precipitate  redis- 
solves  readily  in  tartaric  acid,  and  if  this  acid  be  added  to  the 
hydrochloric  acid  solution  before  dilution,  the  precipitate  is  not 
produced. 

2.  Hydrogen  sulfld  forms  in  acid  solutions,  if  the  quantity 
of  free  mineral  acid  be  not  excessive,  an  orange-colored  precipi- 
tate, which  usually  consists  of  antimony  trisulfid,  SbjSj;'  which 

'  Op.  cit.,  i.,  641.  portion  of  antimony  deposited  in  the 

^  Bull.    Soc.    chim.,   Paris,    1875,  mirror  varied  from  19.5  to  48.3  per 

xxiv.,  258.  cent.     He     proposes     to     use     the 

'  Amer.  Chem.  Jour.,  1880-81,  ii.,  Marsh  to  determine  the  quantity  of 

238.  antimony  by  conversion  of  both  that 

■•Otto:  "Ausmitt.  d.  Gifte,"  6te  portion  deposited  in  the  mirror  and 

Aufl.,    198.      Sanger     and     Gibsen  that  remaining  in  the  generator  after 

(Chem.  Abst.,  1908,  ii.,  518)  found  complete  disappearance  of  the  zinc 

that   the   loss   of   antimony  in  the  into  the  trisulfid. 

Marsh  diminishes  with  the  dilution  ^  The  precipitate  from  solution  of 

of  the  solution  introduced,  and  pro-  antimonic  acid  in  hydrochloric  acid 

pose    the    use  of  that    method  for  is   a   mixture   of    the   trisulfid   and 

quantitative  determination.  pentasulfid  (SbjS;^)  along  with  free 

^  Ciechanowsky:     Ann.   d'hyg.,  sulfur.     This  precipitate  is  readily 

1898,  3  s.,  xl.,  125.     Usually  the  pro-  soluble  in  ammonium  hydroxid. 
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is  not  formed  in  alkaline  solutions,  and  only  to  a  slight  extent  in 
those  which  are  neutral.^  This  precipitate  dissolves  readily  in 
solutions  of  potassium  or  sodium  hydroxid,  in  solutions  of  the 
alkaline  sulfids  and  hydrosulfids,  in  cold  concentrated  hydro- 
chloric acid  (specific  gravity  1.18),  and  in  the  same  acid  still 
more  dilute  if  hot.  It  is  very  sparingly  soluble  in  ammonium 
hydroxid,  and  still  less  soluble  in  ammonium  carbonate  in  the 
absence  of  antimony  pentasulfid.  It  does  not  dissolve  in  dilute 
mineral  acids  nor  in  monopotassic  sulfate  solution. 

The  dried  precipitate,  when  heated  with  sodium  nitrate, 
yields  sodium  sulfate  and  sodium  pyroantimonate,  the  latter  al- 
most insoluble  in  water.  The  pyroantimonate  is  also  formed 
when  the  precipitate  is  fused  with  a  mixture  of  sodium  carbon- 
ate and  nitrate.  If  the  precipitate  be  heated  in  a  current  of 
chlorin  or  ignited  with  a  mixture  of  five  parts  of  ammonium 
chlorid  and  one  part  of  ammonium  nitrate,  it  is  completely  vol- 
atilized. If  the  dried  precipitate  be  heated  with  potassium  cy- 
anid  to  fusion,  elementary  antimony  is  produced  as  a  gray  pow- 
der or  in  metal-like  globules,  and  potassium  thiocyanate  is 
formed.  If  the  fusion  be  conducted  in  air  or  in  a  current  of 
carbon  dioxid,  none  of  the  antimony  is  volatilized;  but  if  it  be 
done  in  a  current  of  hydrogen  a  metal-like  mirror  of  antimony 
is  formed  in  the  tube  near  where  the  heat  was  applied. 

3.  Ammonium  sulfids  in  small  amount  form  precipitates 
of  antimony  trisulfid,  which  dissolve  in  excess  of  the  precipitants. 

4.  Metallic  zinc  (or  tin  or  magnesium)  in  the  absence  of  ni- 
tric acid  deposits  elementary  antimony  as  a  gray  powder.  The 
solution  should  be  so  far  concentrated  that  the  greater  part  of 
the  excess  of  acid  is  expelled,  transferred  to  a  platinum  crucible 
cover,  and  a  pointed  piece  of  zinc  or  tin  is  brought  in  contact 
with  the  platinum  surface  through  the  liquid.  The  platinum 
surface  moistened  by  the  liquid  is  colored  brown  or  black  with 
small  quantities  of  antimony,  the  stain  disappearing-  when 
moistened  with  cold  nitric  acid.  With  cold  hydrochloric  acid 
(specific  gravity  1.12)  the  stain  soon  disappears  if  it  be  faint, 
but  if  thick  it  only  disappears  slowly  when  heated.  In  this  test 
hydrogen  is  generated  and  a  portion  of  the  antimony  escapes 
as  hydrogen   antimonid.     Tin  is   deposited  from  its  solutions 

•  The   presence   of   nitric   acid  or   of   other   oxidizing  agents  is    to    be 
avoided. 
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when  they  are  subjected  to  this  test,  but  it  does  not  attach  itself 
to  the  platinum. 

5.  Metallic  iron,  when  added  to  a  solution  containing  anti- 
mony and  free  hydrochloric  acid  and  the  liquid  warmed,  causes 
the  separation  of  the  antimony  as  a  heavy,  black,  flocculent  de- 
posit.    Tin  is  not  similarly  deposited. 

6.  If  a  solution  containing  antimony  be  added  to  one  of  so- 
dium thiosulfate  to  which  a  solution  of  sulfurous  acid  has  been 
added,  and  the  mixture  boiled,  it  becomes  cloudy  from  the  sep- 
aration of  sulfur;  afterward  the  red  antimony  pentasulfid 
(SbjSs)  is  deposited. 

7.  Potassium  hydroxid,  sodium  hydroxid,  ammonium  hydroxid, 
disodic  or  ammonium  carbonate  form  voluminous,  white  precipi- 
tates much  more  slowly  and  incompletely  from  solutions  of 
tartar  emetic  or  similar  compounds  than  from  solutions  of  the 
chlorid.  The  precipitate  dissolves  quite  readily  in  excess  of 
sodium  or  potassium  hydroxid,  and  in  disodic  carbonate  only 
when  warmed,  but  is  almost  insoluble  in  ammonium  hydroxid. 

8.  Denigds'  reagent,  made  by  dissolving  1  gm.  potassium 
iodid  and  3  gm.  cesium  chlorid  in  10  c.c.  water  to  which  one 
drop  of  dilute  ammonium  hydroxid  (1:10)  has  been  added.  In 
hydrochloric  or  sulfuric  solutions  containing  less  than  2  mgm.  of 
antimony  in  1  c.c.  this  reagent  forms  a  red  precipitate  of 
cesium-antimony  iodid;  or,  in  sulfuric  solutions,  red  hexagonal 
crystals. 

9.  For  the  action  of  antimonials  with  the  Marsh  and  Reinsch 
tests,  see  under  "Arsenic." 

Quantitative  Determination. — The  determination  of  the 
quantity  of  antimony  present  is  best  attained  by  weighing  the 
metallic  antimony  separated  by  reduction  of  the  pyroantimonate 
by  fusion  with  potassium  cyanid  as  above  described  (see  p.  373), 
or  by  electrolytic  deposition. 

Should  tin  or  copper  be  also  present,  their  quantity  is  to  be 
determined.  To  this  end  the  alloy  (or  an  aliquot  part)  is  finely 
powdered,  placed  in  a  bulb  tube  through  which  a  gentle  stream 
of  perfectly  dry  chlorin  may  be  passed,  and  which  is  in  connec- 
tion with  two  U  tubes  of  sufficient  capacity,  containing  a  solu- 
tion of  tartaric  and  hydrochloric  acids  in  water.  The  bulb 
tube  is  heated,  at  first  moderately,  afterward  to  slight  redness. 
The  copper  remains  as  chlorid  in  the  bulb,  the  antimony  and 
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tin'  volatilize  as  chlorids,  which  pass  into  the  tube  beyond  the 
bulb  and  into  the  hquid  in  the  U  tubes.  The  bulb  tube  is  cut 
near  the  bulb  and  between  it  and  the  U  tubes,  and  any  subli- 
mate contained  in  it  added  to  the  liquid  from  the  latter. 

The  cupric  chlorid  is  dissolved  in  a  small  quantity  of  dilute 
hydrochloric  acid,  the  solution  transferred  to  a  weighed  plati- 
num dish,  a  fragment  of  metallic  zinc  (known  to  be  soluble  in 
hydrochloric  acid  without  residue)  is  added,  and  the  dish  cov- 
ered with  a  watch  glass,  which  is  afterward  washed  into  the 
dish.  The  proportion  of  acid  should  be  sufficient  to  cause  gen- 
eration of  hydrogen,  but  not  too  rapidly.  With  the  quantities 
of  copper  usually  present,  the  metal  attaches  itself  firmly  to  the 
platinum,  and  may  be  washed,  dried,  and  weighed,  after  the 
deposition  is  complete.  If  the  quantity  of  copper  be  large,  it 
may  separate  partly  as  a  non-adherent  spongy  mass.  When 
this  is  the  case,  having  made  sure  that  no  zinc  remains,  the  de- 
posit is  rapidly  washed  by  decantation  with  boiling  water 
until  the  washings  are  free  from  chlorin,  dried,  and  weighed. 

Tin  is  only  exceptionally  present.  Should  it  be,  the  quantity 
of  antimony  is  determined  in  the  liquid  from  the  U  tubes.  To 
an  aliquot  portion  hydrochloric  acid  is  added  to  strongly  acid 
reaction  and  a  bar  of  tin,  and  the  whole  warmed  for  some  time; 
the  precipitated  antimony  is  separated  from  the  tin  bar,  col- 
lected on  a  weighed  filter,  washed  in  succession  with  dilute  hy- 
drochloric acid,  alcohol,  and  ether,  dried  at  100°  (212°  F.),  and 
weighed. - 

If  the  plant  be  available,  the  most  satisfactory  results  are 
obtained  by  Classen's  electrolytic  method.^  An  aliquot  part  of 
the  solution  obtained  as  directed  on  page  374  is  evaporated  to 
dryness  in  a  porcelain  capsule,  and  the  residue  treated  with  about 
80  c.c.  of  sodium  sulfid  solution,*  saturated  at  the  room  tem- 

'A  minute  trace  of  tin  remains  sulfid   (see   note  2,  p.  192)  till  the 

with  the  copper.  volume   ceases   to   increase.     When 

^  There  is  a  slight  loss  of  antimony,  completely    saturated    the    solution 

which  is  not  absolutely  insoluble  in  is     filtered     from     the     precipitate 

dilute  hydrochloric  acid.  formed,  and  mixed  with  the  other 

'  Classen- Boltwood :  Quant.  Chem.  half  of  the  sodium  hydroxid  solution. 

Anal,  by  Electrol.,  p.  269.  Hydrogen    sulfid    is    again    passed 

*  Made  by  dissolving  sodium  hy-  through  the  solution,  with  exclusion 

droxid,  purified  by  alcohol,  in  water  of  air,  and  it  is  filtered  again.     The 

to  a  solution  of  sp.gr.  1.35.     The  nearly  colorless  filtrate  is  evaporated 

solution  is  divided  into  two  equal  in  a  capacious  porcelain  or  platinum 

parts,  and  one  half,  with  exclusion  dish   containing   a   platinum   spiral 

of  air,  saturated  with  pure  hydrogen  over  a  strong  free  fire  as  rapidly  as 
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perature  (sp.  gr.  1.22-1.225)  and  enough  concentrated  solution 
of  pure  sodium  hydroxid  to  leave  an  excess  of  1-2  gm.  sodium 
hydroxid.  If  solution  does  not  take  place  at  once,  it  is  hastened 
by  warming  over  a  low  flame.  The  solution  is  then  transferred 
to  a  platinum  dish  whose  inner  surface  has  been  roughened. 
The  dish  is  made  the  cathode,  and  the  electrolysis  is  conducted  at 
a  temperature  of  50°  to  60°,  with  a  difference  of  potential  between 
the  electrodes  of  not  more  than  0.7  volt,  and  a  current  density  of 
NDi9o  =  0.5  ampere.  The  deposition  is  complete  in  two  hours, 
when  the  disengagement  of  gas  ceases  and  the  solution  becomes 
clear.  During  the  electrolysis  the  dish  is  covered  with  a  watch- 
glass,  whose  under  surface  is  washed  into  the  dish  with  a  drop  or 
two  of  water  at  the  end  of  the  process.  The  deposited  aritimony 
is  washed  in  the  dish,  first  with  water,  and  then  with  pure  ab- 
solute alcohol,  without  interrupting  the  current,  and  the  dish  and 
contents  dried  for  a  short  time  in  the  air-bath  at  80°  to  90°,  and 
weighed.  The  deposited  antimony  is  gray  and  metallic  in  ap- 
pearance.    Tin  if  present  is  not  deposited.' 

ARSENICAL  POISONS. 

The  toxicology  of  the  arsenicals,  and  particularly  of  the  tri- 
oxid  and  of  Paris  green,  overshadows  in  forensic  importance 
that  of  any  other  class  of  poisons.  The  facility  with  which 
white  arsenic,  Paris  green,  and  arsenical  vermin  poisons  can  be 
obtained,  and  the  acquaintance  of  even  the  most  ignorant  with 
their  destructive  powers,  sufficiently  account  for  the  frequent 
murderous  administration  of  the  former  and  for  the  favor  in 
which  the  latter  appears  to  be  held  by  suicides  in  the  larger 
cities  in  the  United  States. 

Elementary  arsenic,  as  well  as  such  of  its  compounds,  min- 
eral or  organic,  as  are  either  soluble  in  water  or  are  rendered 
soluble  by  the  action  of  the  hquids  of  the  body,  are  capable  of 

possible.     As  soon  as  a  thin  crystal-  of  metallic  mercury,   which  is  not 

line  pellicle  forms  on  the  surface,  the  permissible  in  a  toxicological  labo- 

solution   is   poured   while   hot   into  ratory.     If  antimony  is  to  be  deter- 

small     bottles     with     well     ground  mined    electrolytically    in    presence 

stoppers  which  must  be  filled  nearly  of  small  .quantities  of  copper,  Hol- 

fuU  and  completely  filled  by  pouring  lard's  method,  using  mixed  solutions 

melted  paraffin  upon  the  surface.  of    sodium    sulfid    and    potassium 

I  Vortmann's  modification  (Ber.,  cyanid  (Analyst,  1903,  xxviii.,  228), 

Berl.,  1891,  xxiv.,  2762)  is  open  to  may  be  followed, 
the  objection  that  it  requires  the  use 
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causing  arsenical  intoxication  when  introduced  by  any  channel 
into  the  human  body. 

ELEMENTARY  ARSENIC. 

The  element  (symbol  =  As;  atomic  weight  =  74.9)  occurs 
in  small  quantity  in  nature,  and  is  usually  met  with  as  a  dull 
black  or  dark-brown  amorphous  material.  When  freshly  iso- 
lated it  constitutes  a  brittle,  crystalline,  steel-gray  soUd,  having 
a  metallic  lustre,  which  it  soon  loses  on  exposure  to  air.  When 
deposited  upon  and  viewed  through  a  glass  tube,  as  in  the  re- 
duction and  Marsh  tests,  it  forms  a  briUiant  black  "mirror." 
It  is  tasteless  and  odorless.  Its  specific  gravity  is  5.7  to  5.9. 
When  heated  in  an  atmosphere  of  an  indifferent  gas  at  the  or- 
dinary pressure,  it  volatilizes  without  fusion  at  180°  (356°  F.). 
When  heated  under  strong  pressure  it  fuses  at  a  dull  red  heat. 
It  burns  in  air  with  a  bluish-white  flame,  giving  off  a  dense, 
heavy,  white  cloud  of  arsenic  trioxid.  It  also  ignites  sponta- 
neously and  burns  in  chlorin  with  formation  of  the  trichlorid. 
It  is  insoluble  in  water  and  in  other  neutral  solvents  if  oxidation 
be  prevented.  It  is  dissolved  by  nitric  acid  with  formation  of 
arsenic  acid,  and  in  hydrochloric  acid  with  formation  of  arsenic 
trichlorid. 

Although  elementary  arsenic,  so  long  as  it  remains  such,  is 
insoluble  and  therefore  incapable  of  absorption  from  the  ahmen- 
tary  canal,  there  is  abundant  evidence  of  its  poisonous  character 
after  exposure  to  the  air.  The  early  experiments  of  Bayen  and 
of  Renault'  showed  that  while  dogs  suffered  no  iU-effects  from 
taking  from  4  to  8  gm.  of  metallic  arsenic,  or  of  mispickel  (sulfid 
of  iron  and  arsenic),  they  were  fatally  poisoned  by  0.2  to  0.3 
gm.  of  arsenic  which  had  been  exposed  to  the  air.  The  poison- 
ous character  of  arsenic  under  these  conditions  is  further  es- 
tablished by  numerous  experiments  upon  animals  (Sprogel, 
Hilefeld,  Monro,  Schroff),  and  by  cases  of  poisoning  in  the 
human  subject.  Arsenic  when  exposed  to  moist  air  loses  its 
metallic  lustre  and  is  converted  into  a  dull  brown  powder  {mort 
aux  mouches,  cobalt)  by  a  limited  oxidation. 

The  experiments  of  Schroff^  seemed  to  prove  that  unoxidized, 

>  Orfila:  "Toxicologie,"  56me  ed.,         ^  Zeitsch.  d.k.k.  Gesell.  d.  Aerzte 
i.,  pp.  377,  611.  z.  Wien,  1858,  xiv.,  3;  1859,  xv.,  689. 
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elementary  arsenic  is  poisonous  to  rabbits,  probably  by  undergo- 
ing oxidation  in  the  alimentary  canal,  causing  death  in  twenty- 
eight  to  forty-two  hours,  in  doses  of  0.6  to  1  gm.  Schmidt  and 
Bretschneider,'  however,  from  experiments  made  at  about  the 
same  period,  consider  the  element  as  innocuous,  and  question 
the  purity  of  the  arsenic  used  by  Schroff. 

The  more  recent  experiments  of  Paschkis  and  Obermayer,^ 
made  with  great  care  to  insure  the  prevention  of  atmospheric 
oxidation,  show  conclusively  that  elementary  arsenic  may  be 
absorbed  by  the  skin;  that  it  undergoes  oxidation  in  the  body; 
that  it  produces  gastro-enteritis,  nephritis,  great  thirst,  and  ec- 
zema; and  that  it  is  ehminated  in  solution  in  the  urine. 

The  "fly  poison,"  "fly  stone,"  "cobalt,"  and  "fly  paper," 
(mart  aux  mouches,  poudre  aux  mouches,  fliegenstein,  cobaltum 
minerale),  formerly  used,  owed  its  efficacy  to  elementary  arsenic, 
partially  oxidized  by  the  action  of  air  and  moisture. 

Of  twenty-four  cases  of  poisoning  by  fly  poisons  certainly 
containing  elementary  arsenic,  seven  were  homicidal,  two  sui- 
cidal, eight  accidental,  and  seven  uncertain.  The  accidental  and 
uncertain  cases  occurred  in  four  instances  in  children,^  and  in 
the  others  in  consequence  of  the  poison  having  been  accidentally 
mixed  with  articles  of  food  or  taken  in  mistake  for  medicine. 
In  three  instances  the  cause  of  the  poisoning  of  several  individ- 
uals was  found  in  the  existence  of  elementary  arsenic  in  bottles 
from  which  wine  or  spirits  had  been  taken.  It  is  possible  that 
in  some  of  these  the  arsenic  may  have  been  originally  put  into 
the  bottles  as  a  constituent  of  the  shot  used  in  cleaning  them 
(see  below).  In  one  case  all  the  persons  in  the  house  of  a  priest 
suffered  from  arsenical  poisoning,  and  upon  investigation  "  mort 
aux  mouches"  was  found  in  the  bottom  of  a  bottle  of  brandy 
from  which  they  had  drunk.*  In  a  second  case*  six  persons  were 
severely  poisoned  and  one  died.  Elementary  arsenic  was  found 
in  the  bottle  from  which  they  had  drunk  wine.  In  another 
case*  five  persons  were  similarly  poisoned  with  wine,  which  had 

'  Moleschott:     "Untersuch.     zur  Schobbens:     Ann.     Soc.     de     m^d. 

Naturlehre,"  1858,  vi.,  146-147.  d'Anvers,  1846,  224. 

"  Med.  Jahrb.,  Wien,  1888,  n.  F.,  *  Galtier:  "Tox.,"  i.,  446. 

iii.,  117-124.  =Rapp:  Tr.  Soc.  d'^muL,  Rouen, 

'Leger:    Lancet,    1835,    i.,    516-  An  vii. 
518.     Evans:  Nelson's  Amer.  Lane,  "  Batillat:  J.  d.  chim.  m^d.,  etc., 

1853,  vii.,   180.     Hurd:   Boston  M.  1840,  2  s.,  vi.,  33. 
and    S.    Jour.,     1845,    xxxi.,    316. 
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been  eight  months  in  a  bottle  in  the  bottom  of  which  elementary- 
arsenic  was  found.  An  experiment  in  this  instance  showed  that 
wine  was  capable  of  dissolving  elementary  arsenic  to  the  extent 
of  about  1.5  parts  in  1,000  of  white  arsenic  during  a  contact  of 
twenty-four  hours. 

A  man  drank  beer  in  which  there  were  the  bodies  of  flies 
killed  by  "cobalt."  In  two  hours  he  was  attacked  with  cohc, 
nausea,  and  vomiting,  and  later  with  diarrhoea,  headache,  in- 
somnia, and  prostration;  but  recovered  slowly  after  the  admin- 
istration of  an  emetic*  No  other  instance  of  serious  poisoning 
from  this  cause  has  been  found.  Payen^  fed  three  hundred 
flies,  poisoned  by  solution  of  white  arsenic,  mixed  with  bread 
crumbs  to  a  spaniel,  which  was  not  at  all  incommoded.  An 
equal  number  of  poisoned  flies  similarly  fed  to  a  hen  provoked 
no  symptoms  of  poisoning.  He  therefore  considered  that  it 
would  be  impossible  for  a  human  being  to  involuntarily  take  a 
sufficient  number  of  poisoned  flies  to  cause  poisoning. 

The  use  of  elementary  arsenic  to  kill  insects  has  also  caused 
serious  poisoning  in  the  human  subject  in  consequence  of  the 
false  impression  that  it  is  only  fatal  to  insect  life.  The  mem- 
bers of  two  families  suffered  from  severe  arsenical  poisoning, 
but  ultimately  recovered,  in  consequence  of  eating  cheese  in  the 
manufacture  of  which  " mort  aux  mouches"  had  been  used  to 
prevent  the  appearance  of  "skippers."* 

Bucholtz  relates  an  instance  in  which  a  family  of  six  adults 
and  a  child  were  seized  with  nausea,  pain,  vomiting,  and  other 
symptoms  of  arsenical  poisoning  within  an  hour  after  partaking 
of  a  soup  in  which  "cobalt"  had  been  cooked.*  He  does  not 
state  whether  the  addition  was  intentional  or  accidental.  Gal- 
tier*  cites  the  case  of  a  woman  who  was  seized  with  vomiting 
and  died  in  ten  hours.  The  stomach  contained  about  180  gm. 
of  a  sanguinolent  Hquid  and  15  gm.  of  "black  oxid  of  arsenic" 
(elementary  arsenic).  He  also  mentions  another  instance  in 
which  three  persons  died  in  a  few  hours  after  violent  pain  and 
vomiting  from  taking  "cobalt  mineral  arsenical."  The  stom- 
achs were  highly  inflamed  and  contained  a  sanguinolent  hquid. 

>  Grimm:  "Misc.  Ac.  nat.  cur.,"  'Collier:  J.  d.  chim.  m^d.,  1844, 

Lips.,  1699-1700,  Dec.  iii.,  Ann.  7-8,  2  s.,  x.,  .571. 
P-  292.  4  J.  fi,  pr.  Arzneik.  ii.  Wissensch., 

^  J.   de  chim.   m^d.,  Paris,    lS2.j,  Jena,  1797-98,  v.,  37.5. 
i-.  196.  s  "  Toxicologie,"  i.,  446,  447. 
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Schobbens'  relates  the  case  of  a  man  who  died  after  exhibiting 
the  usual  symptoms  of  arsenical  poisoning,  in  consequence  of 
having  taken  "fly  poison"  by  mistake  for  a  purgative.  The 
"fly  poison"  taken  in  the  two  cases  reported  by  Schobbens  (see 
above)  was  the  powdered  "Tunaberg  ore,"  which  is  a  compound 
of  cobalt,  arsenic,  iron,  and  sulfur.  Deri^  has  reported  the 
cases  of  two  men,  father  and  son,  who  each  took  about  a  tea- 
spoonful  of  fly  stone  in  mistake  for  aloes.  The  elder  had  devel- 
oped a  most  pronounced  poisoning  of  the  cerebro-spinal  type 
in  two  hours  and  died  in  35  hours.  The  son  manifested  no  effects 
for  four  hours  and  recovered. 

The  earliest  case  of  homicidal  poisoning  by  elementary  ar- 
senic of  which  we  find  record  occurred  in  1740.^  A  girl  poi- 
soned her  father  and  three  sisters  by  serving  to  them  dried  pears 
boiled  with  water  and  24  gm.  of  "cobalt."  The  deaths  of  the 
father  and  two  sisters  occurred  in  thirteen,  nine,  and  eighteen 
hours;  that  of  the  other  sister,  who  ate  but  little  of  the  poisoned 
pears,  on  the  sixth  day.  The  stomachs  were  highly  inflamed, 
and  in  two  cases  contained  extravasated  blood. 

Hahnemann*  relates  the  case  of  a  wood-cutter  who  was  poi- 
soned by  his  wife  in  1784  by  several  grains  of  fly  stone.  He 
suffered  from  vomiting,  burning  pains  in  the  stomach,  and  tear- 
ing pains  in  the  bowels,  but  recovered.  Orfila,  Chevalier  and 
Barruel,''  in  examining  the  stomach  in  a  case  of  supposed  homi- 
cide, found  about  5  gm.  of  a  powder,  consisting  of  elementary 
arsenic,  oxid  of  iron,  quartz  sand,  and  flakes  of  mica;  but  state 
that  the  contents  of  the  stomach  contained  no  trace  of  arsenious 
acid.  Briand,  Chaudd  and  Bouis"  state  that  a  case  of  supposed 
homicide  by  "mort  aux  mouches"  was  tried  in  France  in  1844, 
but  give  no  particulars.  Aguilhon''  reports  a  case  of  homicidal 
poisoning  by  fly  poison  which  terminated  fatally,  after  the 
symptoms  usual  in  arsenical  poisoning,  on  the  sixth  day.  Worm- 
ley'  cites  a  case  of  criminal  poisoning  by  fly  powder  in  which 
death  took  place  in  thirty-six  hours,  and  in  which  a  quantity 

^  Loc.  cit.  'J.   d.   chim.   m^d.,  Paris,    1839, 

2  Pest,     med.-chir.     Presse,  1898,  2  s.,  v.,  3-16. 

xxxiv.,  985.  ""M^d.Ug.,"  lOeme    ed.,    Paris, 

'"Misc.  Ac.  nat.  cur.,"  Lips.,  v.,  1880,  i.,  666. 

obs.  102,  p.  355.  'Ann.   d'hyg.,  Paris,    1851,   xlv., 

■*  "Die  Arsenvergiftung,"  Leipzig,  159-181. 

1786,  p.  57,  note.  *"  Micro-Chemistry    of   Poisons," 
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of  arsenic  equivalent  to  forty-two  grains  (2.7  gm.)  of  arseni- 
ous  acid  remained  in  the  stomach  at  the  time  of  death,  although 
there  had  been  almost  incessant  vomiting  for  over  thirty  hours. 
The  classic  case  of  homicidal  poisoning  by  elementary  arsenic  is 
that  of  Dombrowsky,  reported  by  Schiitte.^  The  accused  was 
convicted  of  the  murder  of  his  wife  by  the  repeated  administra- 
tion of  fly  stone.  The  stomach  contained  at  death  nearly  twenty- 
four  grains  (1.5  gm.)  of  arsenic,  partly  in  the  form  of  elementary 
arsenic,  partly  in  that  of  the  trioxid.  The  mucous  membrane  of 
the  stomach"  was  softened,  reddened  in  streaks,  excoriated  near 
the  cardia,  where  there  were  also  a  few  spots  of  extravasated 
blood.  Attached  to  the  walls  of  the  stomach  were  small  black 
bodies,  some  possessed  of  a  metallic  lustre,  which  were  found  to 
consist  of  finely  powdered  elementary  arsenic.  A  similar  pow- 
der was  also  found  in  the  pockets  of  a  night-dress  worn  by  the 
prisoner.  The  deceased  survived  for  six  days  after  the  date  of 
the  first  alleged  administration,  during  which  she  suffered  from 
the  usual  symptoms  of  arsenical  poisoning. 

A  suicidal  case  is  reported  by  Patissier:^  that  of  a  girl  of 
nineteen  years  who  died  in  sixteen  hours  after  taking  an  un- 
known dose  of  "fly  poison."  Jager^  relates  the  case  of  an  adult 
female  who  poisoned  herself  with  water  which  had  stood  in 
contact  with  "  black  oxid  of  arsenic"  (elementary  arsenic).  She 
suffered  no  pain  and  remained  conscious  till  near  her  death. 

Pluskal*  reported  two  cases  in  which  wounds  caused  by  small 
shot  provoked  symptoms  not  accountable  for  by  the  mechanical 
injury,  and  which  he  attributed  to  the  poisonous  action  of  the 
arsenic  contained  in  shot.  Shot  metal  consists  of  lead  to  which 
about  two  per  cent,  (forty  pounds  to  the  ton)  of  arsenic  are  added. 
Each  ounce  of  shot  therefore  contains  about  nine  grains  of  arsenic. 

Tin  is  frequently  contaminated  with  arsenic  in  small  amount. 
In  St.  Petersburg  several  persons  suffered  from  gastro-intestinal 
disturbances,  accompanied  by  fever,  nausea,  vomiting,  lassi- 
tude, prostration,  and  emaciation,  from  the  use  of  food  prepared 
in  vessels  tinned  with  an  English  tin  containing  0.05  to  0.1  per 
cent,  of  arsenic  and  only  one  per  cent,  of  lead.^ 

'  Vrtljschr.  f .  ger.  Med.,  1854,  vi.,  *  Oest.     med.     Wchnschr.,     etc., 

230-293.  1843,  iii.,  505,  507. 

=  Bibl.  m(4d.,  1S27,  ii.,  p.  59.  =  Ann.    d'hyg.,    etc.,    1890,    3   s., 

'"Diss,    de    effectibus    arsenici,"  xxiv.,  113. 
etc.,  Tub.,  1S08. 
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HYDROGEN  ARSENID. 

This  substance,  also  known  under  the  names  arseniuretted 
or  arsenetted  hydrogen,  arsonia,  arsenamin,  and  arsin,  has  the 
formula  AsH,.  It  is  produced:  1.  By  the  action  of  water 
upon  an  alloy  obtained  by  fusing  together  native  sulfid  of  anti- 
mony 2  parts,  cream  of  tartar  2  parts,  and  arsenic  trioxid  1 
part.  2.  By  the  action  of  dilute  hydrochloric  or  sulfuric  acid 
upon  the  arsenids  of  zinc  and  tin.  3.  Whenever  a  reducible 
compound  of  arsenic  is  in  presence  of  nascent  hydrogen  (see 
Marsh  test).  4.  By  the  action  of  water  upon  the  arsenids  of 
the  alkali  metals.  5.  By  the  action  of  hot  solution  of  potash 
and  powdered  zinc  upon  reducible  compounds  of  arsenic. 

It  is  a  colorless  gas,  having  a  strong  odor  of  garlic;  soluble 
in  five  volumes  of  water  free  from  air;  neutral  in  reaction.  It 
is  partially  and  slowly  oxidized  by  air  and  moisture,  with  depo- 
sition of  elementary  arsenic.  It  is  decomposed  into  hydrogen 
and  arsenic  when  in  contact  with  a  red-hot  surface,  and  by  the 
passage  through  it  of  luminous  electric  discharges  (see  Marsh 
test).  Its  mixtures  with  air  or  oxygen  are  explosive.  It  burns 
in  air  with  a  greenish  flame  from  which  a  white  cloud  of  ar- 
senic trioxid  arises.  A  cold  surface  held  above  this  flame  be- 
comes coated  with  a  white,  crystalline  deposit  of  the  trioxid. 
If  the  flame  be  cooled  by  the  introduction  of  a  cold  surface  into 
it,  the  hydrogen  alone  is  oxidized  and  the  arsenic  is  deposited 
upon  the  cold  surface.  Chlorin  decomposes  hydrogen  arsenid 
explosively,  with  formation  of  hydrochloric  acid  and  arsenic 
trioxid.  Bromin  and  chlorin  behave  similarly,  but  with  less 
violence.  Active  oxidizing  agents  convert  it  into  water  and  ar- 
senic acid;  less  powerful  oxidants  into  water  and  arsenic  trioxid. 
Solid  potassium  hydrate  decomposes  it  partially,  and  becomes 
coated  with  a  dark  deposit,  which  seems  to  be  elementary 
arsenic.  Solutions  of  the  alkahne  hydroxids  absorb  and  decom- 
pose it,  hydrogen  being  given  off  and  an  alkaline  arsenite  remain- 
ing in  solution.  It  is  reduced  by  solution  of  silver  nitrate,  metal- 
lic silver  being  deposited,  and  silver  arsenite  remaining  in  the 
solution.  Hydrogen  arsenid  and  hydrogen  sulfid  do  not  mu- 
tually decompose  each  other  in  the  absence  of  air.  The  presence 
of  traces  of  hydrogen  arsenid  may  be  detected  in  air  by  passing 
a  large  volume,  first  through  a  solution  of  cuprous  chlorid  to 
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remove  hydrogen  sulfid,  antimonid  and  phosphid,  and  then 
over  paper  moistened  with  mercuric  chlorid,  which  is  colored 
yellow;  0.02  c.c.  per  litre  giving  a  distinct  reaction. 

Hydrogen  arsenid  is  the  most  violently  poisonous  of  the 
mineral  compounds  of  arsenic,  partly  by  reason  of  the  large 
proportion  of  arsenic  which  it  contains  (about  ninety-six  per 
cent.),  and  partly  because  its  absorption  by  the  pulmonary  sur- 
faces is  more  rapid  than  that  of  dissolved  arsenicals  by  the  ali- 
mentary canal.  Van  Hasselt*  and  other  toxicologists  have 
considered  hydrogen  arsenid  apart  from  the  other  arsenicals  as 
a  poison  sui  generis,  because  of  its  much  greater  activity  in 
minute  doses  and  because  of  certain  differences  between  its 
symptomatology  and  that  of  other  compounds  of  arsenic.  Its 
solubility  in  water  is  not  sufficiently  great  to  account  for  its  ab- 
sorption, and  it  probably  enters  into  combination  with  some 
constituent  of  the  blood,  as  it  causes  extensive  cytolysis.  Joly 
and  Nabias^  found  that  in  dogs  poisoned  by  hydrogen  arsenid 
the  solution  of  haemoglobin  is  so  extensive  that  one-half  of  the 
total  amount  is  in  the  serum,  from  which  it  passes  into  the  serous 
fluids  and  urine,  being  converted  into  methaemoglobin.  The 
amount  of  arsenic  capable '  of  causing  death  when  absorbed  as 
hydrogen  arsenid  is  much  less  than  that  required  in  the  other 
forms  of  combination.  According  to  Brandes,  the  quantity 
inhaled  by  Gehlen  (see  below)  could  not  have  exceeded  one  one- 
hundredth  grain.  In  the  case  reported  by  Schindler^  the  amount 
inhaled  was  greater,  although  it  probably  did  not  exceed  one- 
eighth  grain  of  arsenic.  Hebert  and  Heim,*  in  experiments  upon 
animals,  found  that  3.5  c.c.  per  litre  of  air  is  rapidly  fatal  to 
mammals,  and  0.09  c.c.  per  litre  to  birds;  and  that  in  concen- 
trations below  0.05  c.c.  per  litre  with  mammals,  and  0.02  c.c.  per 
litre  with  birds  it  is  without  distinctly  detrimental  results. 

All  of  the  reported  cases  have   been   accidental,^  and,  with 

»  "Allg.  Giftlehre,"  1862,  390.  *  BuU.  Soc.  chim.  de  France,  1907, 

2  C.  r.  Ac.  Sc,  1S'.)0,  ex.,  666.     For  4  s.,  ii.,  571,  573. 

other  experiments  on    animals    see  'The    B  os  trom-Becker    case 

Stadelmann:  Arch.   f.  exp.  P.  u.  P.,  (Becker:  Di^;s.   Giessen,   ISSS)   may 

1883,    xvi.,    221.     Minkowski    and  have  been  one  of  suicide.     It  was 

Naunyn:  ibid.,   1886,   xxi.,  14.  Ep-  that    of    a    student    in    a    chemical 

pinger:    Beitr.    z.    path.    An.,    etc.  laboratory  who,  being  in  a  despond- 

(Ziegler),  1903,  xxxiii.,  127.  ent    frame    of    mind,     prepared    a 

^  Rept.  f.  d.  Pharm.,  1S40,  Ixix.,  quantity  of  hydrogen  from  arsenical 

271.                                           ■  zinc  and  acid,  and  inhaled  a  quantity 

from  a  gas-bag. 
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very  few  exceptions,  caused  by  the  inhalation  of  hydrogen  gener- 
ated from  materials  containing  arsenic  as  an  impurity,  under 
which  conditions  the  arsenic  is  converted  into  hydrogen  arsenid. 
As  commercial  sulfuric  acid  is  also  contaminated  with  selenium, 
hydrogen  in  whose  preparation  it  is  used  also  contains  hydro- 
gen selenid.  This  gas  is  capable  of  causing  death  even  in  the 
dilution  of  0 .62  per  cent.,'  its  action  being  chiefly  that  of  a  power- 
ful local  irritant  to  the  respiratory  organs,  an  action  resulting 
from  its  decomposition  by  moisture,  with  deposition  of  sel- 
enium. But  this  gas  has  not  the  destructive  action  of  hydrogen 
arsenid  upon  the  erythrocytes,  and  in  the  dilution  in  which  it 
exists  in  impure  hydrogen  its  effects  may  be  disregarded. 

We  have  collected  the  reports  of  84  cases  of  poisoning  by 
hydrogen  arsenid.^  Of  these  10,  of  which  6  were  fatal,  were  those 
of  chemists  who  inhaled  the  gas,  more  or  less  diluted  with  hydro- 
gen, in  the  course  of  chemical  experiments.  Indeed,  the  earliest 
recognized  case  was  that  of  the  chemist  Gehlen,  who  met  his 
death  while  experimenting  upon  the  action  of  hot  concentrated 
caustic  potash  solution  upon  arsenic  trioxid.^  Five  cases, 
with  two  deaths,  resulted  from  the  performance  of  Tyndall's 
experiment  with  impure  hydrogen.*  Thirty-eight  cases,  with 
fifteen  deaths,  occurred  in  operatives  in  chemical  or  mechanico- 

'  Eulenberg:  "Schadliche  .  .  .  Rundschau,  1886,  xvii.,    325    (case 

Gase,"  1865,  p.  454;  Chevalier  and  of  Dr.  S.,  died).     The  case  discussed 

Chaignot:  "Intox.  p.  1.  gaz  d.  bal-  at  length  by  Becker:  Diss.  Giessen,    " 

Ions,"  1904,  p.  65.  1888,    is    evidently    the    same    as 

'  We  have  not  seen  the  Diss,  of  Bostrom's:    Binz,   in  Penzoldt  and 

Geigy,  Basel,  1890,  in  which  another  Stintzing:  "Handb.  d.  spec.  Ther.," 

case  is  said  to  be  reported.  ii.,  5  (case  of  Prof.  Schultz,  died). 

^  At  Munich  in  1815:  Schweigger's  OUivier:  Gaz.  d.  hop.,  1863,  xxxvi., 

Jrn.,  1815,  xv.,  501;  Ann.  de.  phys.  509;  C.r.  Soc.  de  bioL,  1863,  3  s.,  v., 

et  de  chim.,   1815,  xcv.,   110.     The  77  (case  of  Barboret,  died) .    Schick- 

other  cases  are  reported  by  Muller:  hardt:     Mtinch.     med.     Wchnschr., 

Ann.  d.  Staatsarznk.,  1837,  ii.,  422  1891,  xxxviii.,  26   (case  of  Dr.  X., 

(Prof.  Emmert,  died  1819).  Taylor:  recovered).  Schmidtmann:  "  Handb. 

"Poisons,"    3d.    Am.  ed.,  350,  also  d.  ger.  Med.,"  1905,  i,  906,  refers  to 

Boston  M.  and  S.  J.,  1837,  xvi.,  99  the  case  of  Von  Arten  in  Amster- 

(case     of     BuUocke,     1836,     died).  dam,  but  gives  no  particulars. 

Schindler:     J.  f.  Chir.  u.  Augenhlk.,  *  When   the  lungs  are  filled  with 

1838,  xxvi.,  364;  Kept.  f.  d.  Pharm.,  hydrogen  the  voice  is  weakened,  hol- 

1840,  Ixix.,  271;  Mag.  f.  Phys.  u.  kl.  low  and  hoarse  (Tyndall:  "Sound," 

Arznw.  u.  Tox.,  1846,  i.,  364  (case  1867,p.9).  O'Reilly:  Dublin  J.Med, 

of      Schindler,      1836,     recovered).  Sc,  1841-42,  xx.,  442  (Dr.  Brittain, 

Mouat:     Indian     Ann.     Med.     Sc,  died).    Ferr^:   "Arsenicisme  prof.," 

1856-57,    iv.,    657    (case    of    Prof.  1882, 24  (Bietani,  died).  Eitner:  Berl. 

Robertson,    rec).   Vogel:   Arch.   d.  kl.  Wchnschr.,  1880,  xvii.,  256  (Prof. 

Ver.    f.    gem.    Arb.,    1854,    i.,    209,  X  and  two  pupils,  recovered), 
recovered.      Bostrom:      Med.-Chir. 
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chemical  industries  in  which  commercial  acids,  etc.,  contami- 
nated with  arsenic,  were  used,  or  in  which  hydrogen  containing 
hydrogen  arsenid  was  otherwise  produced.^  Ten  cases,  with 
three  deaths,  occurred  in  persons  engaged  in  filhng  toy  balloons 
with  impure  hydrogen.^  Twenty-one  cases,  with  nine  deaths, 
have  occurred  in  balloonists.^  Most  of  these  were  mass  poison- 
ings in  which  several  soldiers  detailed  to  balloon  duty  were 
more  or  less  severely  affected. 

Numerous  instances  have  been  recorded  of  chronic,  or  even 
acute,  arsenical  poisoning  in  persons  inhabiting  rooms  whose 
walls  are  either  painted  or  covered  with  paper  colored  with 
arsenical  pigments.  Under  these  conditions  a  volatile  com- 
pound of  arsenic  is  produced,  which  has  been  supposed  to  be 
hydrogen  arsenid,  but  more  recent  investigations  have  shown 
it  to  be  diethylarsin.* 

The  symptomatology  of  poisoning  by  hydrogen  arsenid 
differs  in  several  essential  respects  from  that  of  the  solid  arseni- 
cal poisons.  The  duration  of  the  poisoning,  whether  it  ter- 
minate in  recovery  or  in  death,  is  materially  longer.     The  short- 

1904  (etchiBg  on  metals  with  im- 
pure acids,  recovered).  Jones:  J. 
Am.  M.  Assoc,  1907,  xlviii.,  1099 
(Mac  Arther-Forest  cyanid  process, 
five  cases,  three  deaths).  Dahm: 
Deut.  med.  Ztg.,  1907,  xxviii.,  604 
(dilute  sulfuric  acid  in  a  galvanized 
iron  pail  in  a  confined  space).  Pharm. 
J.,  1907,  4  s.,  xxiv.,  537  (cleaning 
vitriol  tank,  death). 

^  Waechter:  Vrtljschr.  f .  ger.  Med., 
1864,  n.  F.,  xxviii.,  251  (four  cases, 
one  death).  Dutting:  Diss.,  Freiburg, 
1S88  (six  cases,  two  deaths). 

'Oulmont:  M^d.  mod.,  1S90,  i., 
933  (two  deaths).  Schumberg:  Vrtl- 
jschr. f.  ger.  Med.,  1893,  3  F.,  v., 
291  (two  deaths).  Storch:  Therap. 
Monatsh.,  1892,  vi.,  310  (recovery). 
Crone:  Deut.  militariirztl.  Ztschr., 
1900,  xxix.,  139  (two  deaths). 
Maljean:  Arch,  de  m6d.  et  de  pharm. 
mil.,  1900,  XXXV.,  82  (five recoveries). 
Chevalier  and  Chaignot:  "Intox. 
p.  le  gaz  d.  ballons, "  1904  (seven 
cases,  two  deaths).  Belin  and 
Lecornu;  Bull,  et  m^m.  Soc.  m6d.  d. 
hop.  de  Paris,  1903,  3  s.,  xx.,  1380 
(recovery).  Bari^  and  Brissy:  ibid., 
1904,  3s.,  xxi.,  1059  (death). 

■'  See  p.  582. 


'  Miiller:  Ann.  d.  Staatsarznk., 
1837,  ii.,  418  (tin  salt,  recovered). 
Barker:  St.  Louis  M.  and  S.  J., 
1864,  n.  s.,  i.,  29  (cleaning  castings 
with  impure  sulfuric  acid,  recovered) . 
Valette:  Lyon  med.,  1870,  iv.,  440 
(anilin,  one  death,  one  recovery). 
Trost:  Vrtljschr.  f.  ger.  Med.,  1873, 
n.  F.,  xviii.,  269;  Transl.  Wharton 
and  Stille:  Med.  Jur.,  5th.  ed.,  ii., 
716  (arsenic  and  hydrochloric  acid,  9 
cases,  3  deaths).  Sury-Bienz: 
Vrtljschr.  f.  ger.  Med.,  1888,  n.  F., 
xlix.,  349  (zinc  chlorid,  died).  Id. 
ibid.,  p.  353  (anilin,  five  cases,  re- 
covered). Coester:  Berlin  kl.  Wchn- 
schr.,  1884,  xxxi.,  119;  1886,  xxxiii., 
209  (anilin,  two  cases,  one  death). 
Public  Health:  1891-2,  iv.,  317 
(metallurgic  experiment,  died). 
Martin:  Med.  Chronicle,  1893-94, 
xix.,  108  (zinc  chlorid,  death). 
Mann  and  Clegg:  Med.  Chronicle, 
1895,  i.,  462  (zinc  chlorid,  five  cases, 
two  deaths).  Lesser:  Vrtljschr.  f. 
ger.  Med.,  1897,  3  F.,  xiv.,  296,  309 
(zinc,  hydrochloric  acid  and  arsenic, 
death).  Gulevitsch:  Ztschr.  f. 
physiol.  Chem.,  1898,  xxiv.,  511 
(zinc  in  mixture  of  acids  and  arsenic, 
recovered).  Driesen:  Diss.  Mvinchen., 
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est  period  of  complete  recovery  was  in  Valette's  case,  eight  days; 
while  in  many  cases  several  weeks  or  months  elapsed  before  the 
patient  was  discharged.  The  shortest  time  in  which  death  oc- 
curred was  twenty-three  hours,  in  one  of  Chevalier  and  Chaig- 
not's  cases.  In  one  of  Jones'  cases  death  occurred  in  sixty 
hours,  and  in  three  days  in  two  of  Trost's  cases,  in  one  of  Crone's 
and  in  one  of  Diiting's  cases.  The  longest  survival  in  a  fatal 
case  was  twenty-eight  days  in  Valette's  second  case.  The  aver- 
age duration  of  twenty-five  fatal  cases  was  four  days  and  four  and 
one-half  hours.  About  one-half  of  the  deaths  from  poisoning 
by  white  arsenic  occur  within  the  first  twenty-four  hours,  and 
cases  in  which  the  duration  of  the  poisoning  is  prolonged  for 
two  or  three  days  are  exceptional. 

The  onset  of  a  poisoning  by  white  arsenic  is,  in  the  great 
majority  of  cases,  sudden,  beginning  with  a  violent  attack  of 
vomiting  and  abdominal  pain,  and  occurs  within  one  hour.  In 
poisoning  by  hydrogen  arsenid  abdominal  pain  and  vomiting 
are  either  absent  or  occur  later  in  the  history  of  the  case.  In 
most  cases  the  attack  begins  with  a  feeling  of  faintness  and  gid- 
diness, particularly  on  going  upstairs,  pain  in  the  head,  chills 
more  or  less  severe,  and  pain  in  the  kidneys.  Occasionally,  as 
in  one  of  Valette's  cases,  nausea  and  voniiting  are  early  symp- 
toms. In  this  case  the  workman  experienced  nausea  at  the  time 
of  the  exposure,  and  going  out  to  vomit,  urinated,  and  was 
struck  by  the  dark  red  color  of  his  urine.  In  Bostrom's  case 
the  attack  is  described  as  apparently  one  of  renal  colic,  but  the 
urine  was  dark  brown,  almost  black,  in  color,  and  the  skin  was 
copper-colored. 

The  three  prominent  symptoms  of  poisoning  by  hydrogen 
arsenid,  which  are  not  observed  in  poisoning  by  the  other  ar- 
senicals,  are  lumbar  pain,  hsemoglobinuria,  and  icterus. 

Lumbar  pains  occur  early  and  are  severe  in  most  cases,  al- 
though in  some  instances  they  were  not  observed,  as  in  four  of 
Trost's  nine  cases  and  in  Eitner's  case.  Almost  pure  hsemoglo- 
binuria occurs  in  all  cases.  The  urine  passed  is  bright  red, 
dark  brown,  or  black  in  color,  coagulates  almost  solid  by  heat, 
and  on  standing  deposits  a  very  sparing  sediment,  which  con- 
tains no  blood  corpuscles,  but  sometimes  granular  matter, 
the  product  of  their  disintegration.  The  quantity  of  urine 
passed  is  usually  normal  or  somewhat  increased  at  first,  while 
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afterward  there  is  marked  diminution  or  complete  suppression. 
In  Coester's  first  case,  which  terminated  in  death  in  nine  days, 
the  elimination  was  1,500  c.c.  (50f  fiuidounces)  on  the  first 
day;  while  in  the  succeeding  five  days  the  total  elimination 
was  only  24  c.c.  (6^  fluidrachms),  or  5  c.c.  (H  fluidrachms)  in 
twenty-four  hours;  and  on  the  sixth  day  4  c.c.  (1  fluidrachm). 
Or  the  suppression  may  begin  at  the  outset.  Thus  in  O'Reilly's 
case,  on  the  first  day  the  patient  passed  60  c.c.  (2  fluidounces) 
of  blood,  on  the  second  15  c.c.  (4  fluidrachms)  of  blood,  and  on 
the  fifth,  sixth,  and  last  days  no  urine  was  obtained  by  the 
catheter,  and  the  breath  was  strongly  ammoniacal.  In  cases 
which  terminate  in  recovery  the  blood  pigment  gradually  dis- 
appears from  the  urine,  which  resumes  its  natural  color  and  in- 
creases in  quantity.  In  Coester's  second  case  the  elimination 
during  the  nine  days  was  2,000  c.c.  (67J  fluidounces),  2,500 
c.c.  (84 J  fluidounces),  2,500  c.c,  3,500  c.c.  (118  fluidounces), 
3,000  c.c.  (lOli  fluidounces),  2,800  c.c.  (94^  fluidounces),  2,900 
c.c.  (98J  fluidounces),  4,500  c.c.  (152  fluidounces),  and  4,500 
c.c.  The  urine  contains  methsemoglobin,  oxyhsemoglobin,  in 
solution  and  in  flakes,  and  albumin,  the  last  sometimes  in  such 
amount  that  the  urine  solidifies  to  a  Jelly  when  heated.*  Bile 
pigments  are  sometimes  present  in  traces,  but  more  frequently 
absent.  In  some  cases  other  manifestations  of  extensive  dis- 
organization of  the  blood  are  observed.  In  ^'alette's  second 
case,  which  terminated  in  death  in  twenty-eight  days,  there 
was  almost  complete  suppression  of  urine,  a  very  small  amount 
of  black  urine  only  being  passed  during  the  first  twenty  days, 
when  there  were  sanguinolent  diarrhceal  stools,  hemorrhages 
from  the  gums,  buccal  mucous  membrane,  glans  penis,  and 
prepuce,  the  blood  being  pale  and  escaping  rather  by  leaking 
than  by  bleeding.  At  the  same  time  the  skin  was  covered  with 
an  extensive  papular  eruption.  On  the  tM^enty-first  day  the 
urine  was  abundant  and  clear.  On  the  twenty-eighth  day 
the  patient  vomited  half  a  glassful  of  black  blood,  had  two 
attacks  of  syncope,  and  died  quietly  in  the  afternoon.  The 
number  or  red  corpuscles  in  the  blood  is  very  much  diminished. 
In  Barrie  and  Brissy's  case,  fatal  on  the  fourth  day,  the  blood 
count  showed  1,147,000  erythrocytes  per  cubic  mm.  on  the  third 
day,  and  868,000  on  the  fourth.     In  Belin's  case  of  recovery, 

'■  Storch:  loc.  cit. 
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the  count  was  2,400,000  on  the  sixth  day;  and  in  Driesen's  case, 
also  of  recovery,  it  was  5,700,000  on  tlie  day  of  the  intoxication, 
2,200,000  on  the  fourth  day,  and  3,810,000  on  the  eighth  day. 
Mann  and  Clegg  made  blood  counts  in  two  of  their  cases  and 
found  a  destruction  of  from  forty-six  to  sixty-four  per  cent,  of 
the  red  corpuscles.  Examination  of  smears  shows  the  erythro- 
cytes to  be  paler  than  normal,  at  first  punctated,  and  later  nu- 
cleated (Driesen);  and  also  the  presence  of  much  detritus  of 
disintegrated  corpuscles  (v.  Sury-Bienz,  Becker).  The  quan- 
tity of  hsemoglobin  in  the  blood  is  also  notably  diminished.'  In 
Driesen's  case  the  proportion  was  fifty  per  cent,  on  the  first  day; 
forty  per  cent,  on  the  fifth;  sixty  per  cent,  on  the  seventeenth; 
seventy  per  cent,  on  the  twenty-ninth;  eighty-five  per  cent,  on 
the  thirty-eighth;  and  ninety  per  cent,  on  the  fifty-seventh  day. 
Storch  estimates  that  in  his  non-fatal  case  125  gm.  of  hsemo- 
globin  were  discharged  in  the  urine. 

Jaundice  is  an  unfaihng  symptom.  The  only  case  whose 
symptoms  have  been  described  in  which  it  is  not  mentioned  is 
that  recorded  by  Miiller  (1837),  in  which  there  was  general  sub- 
cutaneous emphysema.  The  face  was  pale,  bluish,  livid;  the 
left  arm  and  left  leg  were  particularly  swollen  and  covered  with 
innumerable  large  and  small  petechial  spots.  In  some  cases 
the  conjunctivEB  and  skin  become  yellow  on  the  second  day,  the 
color  of  the  skin  deepening  to  a  bronze  or  copper,  which  gradu- 
ally diminishes  toward  the  fifth  or  sixth  day,  and  the  conjunc- 
tivse  become  brownish-red  from  a  combination  of  icterus  and 
injection.  In  other  cases  jaundice  is  among  the  first  symptoms 
to  appear.  Thus  in  Trost's  cases  the  workmen  noticed  the  yel- 
low color  of  each  other  while  at  work,  and  in  Valette's  two 
cases  the  sclerotic  was  observed  to  be  yellow  one  hour  after  the 
exposure.  The  alvine  discharges  are  dark  brown-black,  liquid, 
and  in  some  cases  consist  of  almost  pure  bile. 

The  experiments  of  Stadelmann^  have  demonstrated  that  the 
icterus  of  hydrogen  arsenid  is  hepatogenous,  and  is  due  to  the 
production  by  the  liver  of  a  bile  so  modified  in  composition  that 
it  is  peculiarly  fitted  for  absorption.  He  considers,  however, 
that  the  fundamental  cause  of  the  icterus  is  in  the  disorganiza- 
tion of  the  blood. 

'Arch.  f.  exp.  Path.  u.  Pharm.,      Ponfick:  Verh.  d.  Congr.  f.  inn.  Med., 
1883,     xvi.,     221-255.     See     also      2te  Congr.,  1883,  205. 
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The  post-mortem  appearances  after  death  from  hydro- 
gen arsenid  differ  also  in  some  respects  from  those  caused  by 
white  arsenic.  The  surface  is  dirty  yellow  or  bronzed  in  color, 
and  all  the  tissues  are  more  or  less  yellow.  The  liver  is  normal 
in  size  or  somewhat  enlarged;  in  some  cases  of  a  deep  indigo 
color  and  congested;  in  others  yellow,  gray,  or  slate-colored,  and 
usually  neither  congested  nor  anaemic;  but  in  Crone's  cases  the 
livers  were  fatty,  and  all  of  the  internal  organs  were  markedly 
anaemic.  The  gall-bladder  always  contains  much  bile  and  is 
sometimes  greatly  distended.  The  kidneys  are  highly  congested, 
dark  brown-red  or  indigo  in  color,  the  surface  sometimes  almost 
black,  and  enlarged.  The  mucous  membrane  of  the  stomach  is 
yellow  or  slate-colored,  and  evidences  of  inflammation  were  ab- 
sent in  all  cases  except  in  that  reported  by  O'Reilly,  in  which 
death  occurred  in  six  days  three  and  one-half  hours,  and  in 
which  there  were  two  distinct  inflammatory  patches  at  the 
greater  curvature. 

Analyses  of  the  viscera  have  been  made  in  but  few  fatal  cases. 
Dr.  O'Reilly  detected  arsenic  by  the  Marsh  test  in  10  ounces  of 
fluid  effused  in  the  chest  in  the  case  of  Brittain.  Fresenius 
found  undetermined  traces  in  the  liver  in  Coester's  case.  In 
Crone's  cases  distinct  mirrors  of  arsenic  were  obtained  from  the 
stomach,  heart,  kidneys,  and  blood,  those  from  the  solid  organs 
being  more  intense  than  that  from  the  stomach.  In  Lesser's 
case  the  analj-sis,  made  by  Bischoff,  showed  the  following 
amounts  in  mg.  of  arsenic  trioxid  in  100  gm.  of  tissue:  in  the 
liver,  1.308;  kidneys,  0.127;  spleen,  0.617;  heart,  traces;  blood 
from  the  heart,  0.54;  lungs,  0.05;  brain,  0.054;  bile,  0.714; 
muscles,  0.076;  diaphragm,  1.11;  stomach,  none;  intestine  and 
contents,  0.065.  The  man  had  died  eleven  days  after  the  in- 
halation. In  Mann  and  Clegg's  two  fatal  cases,  in  which  death 
occurred  in  six  days,  arsenic  was  found  in  the  liver,  Iddnej^s,  bile, 
urine,  and  blood,  and  in  one  case  in  the  pericardial  and  pleural 
fluids  as  well. 

Arsenic  Trioxid,  or  White  Arsenic. 

Physical  and  Chemical  Properties. 

This  substance,  the  common  arsenic  of  the  shops,  is  also 
known  under  the   names   arscnious    acid    and    arsenious  anhy- 
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drid.  Its  formula  is  As^Oj  (molecular  weight  =  197.68);'  one 
hundred  parts  therefore  contain  As  75.78  and  O  24.22,  and  one 
part  of  elementary  arsenic  represents  1.32  AS2O3.  It  is  obtained 
industrially  by  roasting  the  native  suMd  of  arsenic  and  iron 
(arsenopyrites,  mispickel)  in  a  current  of  air. 

It  exists  in  three  forms:  vitreous,  porcelainous,  and  crystal- 
line.    It  is  odorless,  whether  in  the  form  of  solid  or  vapor. 

Aqueous  solutions  of  arsenic  trioxid  are  acid  in  reaction,  and 
probably  contain  the  true  arsenious  acid — H3ASO3.  They  are 
neutralized  by  the  alkalies  and  by  alkaline  carbonates,  as  well 
as  by  bases  in  general,  with  the  formation  of  salts  called  arsenites. 
Consequently  solutions  of  white  arsenic  in  solutions  of  potassium 
or  sodium  carbonate  do  not  contain  "arsenious  acid,"  but  potas- 
sium or  sodium  arsenite. 

Arsenic  trioxid  is  readily  reduced,  with  separation  of  ele- 
mentary arsenic,  when  heated  with  hydrogen,  carbon,  potas- 
sium cyanid,  or  other  reducing  agents.  Oxidizing  agents,  such 
as  nitric  acid,  the  hydrates  of  chlorin,  and  chromic  acid,  convert 
it  into  arsenic  pentoxid,  AsjOj,  or  arsenic  acid,  HgAsO^.  Its 
solution,  acidulated  with  hydrochloric  acid  and  boiled  in 
presence  of  copper,  dep,osits  on  the  metal  a  gray  film,  com- 
posed of  an  alloy  of  copper  and  arsenic  consisting  of  As  32,  Cu 
68  in  100. 

Crystalline  Form. — When  white  arsenic  is  fused  and  allowed 
to  solidify,  it  forms  translucent  or  transparent,  yellowish, 
vitreous  masses,  having  no  visible  crystalline  structure.  When 
it  is  sublimed  in  moderate  quantity  it  deposits  in  the  warmer  part 
of  the  condenser,  first  in  small,  brilliant  octahedral  crystals 
which  gradually  increase  in  size,  and  as  the  temperature  rises  fuse 
together  and  finally  form  a  colorless,  liquid  film,  which  on  solidi- 
fication has  precisely  the  appearance  of  glass.  This  vitreous 
arsenic  shrinks  and  cracks  on  cooling,  and  in  a  short  time,  in  air 
containing  the  merest  trace  of  moisture,  becomes  granular  and 
milky,  beginning  at  the  edges,  with  formation  of  crystals.  This 
change,  which  progresses  gradually  throughout  the  mass,  results 
in  the  transformation  of  the  vitreous  material  into  a  milk-white, 

'The    correct    formula    is    more  xii.,  1116),  at  1560°  (13.78  A.  =  198.93 

probably  AsjOf,,  as  the  specific  grav-  H.),    nearly   corresponds   with   the 

ity  of  its  vapor,  determined  by  Mit-  molecular    weight    (395 .  36)    repre- 

scherlich,   at   571°   (13.85   A.),   and  sented  by  that  formula  (198.93X2 

later  by  V.  and  C.  Meyer  (Ber.,  1879,  =397.86). 
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rather  friable,  opaque  substance,  having  the  appearance  of  porce- 
lain, and  hence  known  as  the  porcelainous  variety. ' 

The  cakes  or  lumps  of  arsenic  met  with  in  commerce  consist 
externally  of  porcelainous  arsenic,  usually  with  more  or  less  of 
the  remaining  vitreous  modification  in  the  centre  of  the  mass, 
diminishing  in  amount  with  the  age  of  the  product. 

When  arsenic  trioxid  is  sublimed  or  when  it  is  produced  by 
heating  the  element  in  a  current  of  air  or  oxygen,  it  is  deposited 
in  briUiant  isometric  octahedra  (Figs.  9,  10),  which  are  larger 


Fig.  9. — Crystals  of  Arsenic  Trioxid.   Sublimed.   Transmitted  light.    X  75. 

and  more  perfectly  formed  the  nearer  the  temperature  of  the  con- 
densing surface  is  to  180°  (356°  F.).  If  the  condensing  surface 
be  cold  the  crystals  are  formed  rapidly  and  are  consequently 
smaller;  while  if  it  be  too  hot  the  edges  of  the  crystals  are  partly 
rounded  by  volatilization,  or  they  fuse  together  to  form  the  vit- 
reous variety.  If  the  temperature  varies,  aggregated  or  dis- 
torted forms  are  produced,  or  small  crystals  are  deposited  on 
the  facets  of  larger  ones. 

The  flowers  of  arsenic,  or  powdered  white  arsenic  of  the  shops, 
is  a  more  or  less  crystalline  powder,  obtained  by  grinding  either 

'  I.  Sickels:  "Arsenic  Trioxid:  a  Study  of  Some  of  its  Forms."     Re- 
searches Loomis  Lab.,  1S92,  ii.,  121. 
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the  vitreous  arsenic  or  a  more  or  less  crystalline  raw  product,  or 
by  rapid  condensation  of  the  vapor  in  suitable  chambers.  If 
prepared  by  the  last-named  method,  without  subsequent  grind- 
ing, it  consists  entirely  of  octahedral  crystals.  If  obtained  by 
grinding  the  vitreous  variety,  which  is  rarely  the  case,  it  consists 
of  a  powder  whose  particles  exhibit  no  crystalhne  structure 
when  examined  microscopically.  By  far  the  greater  proportion 
of  commercial  white  arsenic  is  obtained  by  grinding  a  product 
consisting  partly  of  crystallized  and  partly  of  fused  arsenic,  and 


Fig.  10. — Same  specimen  as  in  Fig.  9.     Reflected  light,     x  75 


consequently  consists  of  a  mixture  of  microscopic  octahedral 
crystals  and  amorphous  particles  of  varying  size. 

A  microscopical  examination  of  the  crystals  of  white  arsenic 
may  be  of  value  under  certain  conditions  for  the  purpose  of  dis- 
tinguishing between  two  samples.  Such  a  differentiation  was 
of  importance,  and  was  the  subject  of  extended  inquiry  in  the 
trial  of  State  v.  H.  H.  Hayden,  for  the  murder  of  Mary  Stannard, 
in  Connecticut  in  1880. 

In  this  case  the  body  of  the  deceased  was  found  in  the  woods  with 
the  throat  cut  and  a  hole  in  the  head,  into  which  a  blood-stained  stone 
found  near  by  accurately  fitted.  An  analysis  revealed  the  presence  of 
nearly  ninety  grains  of  arsenic  in  the  stomacli  and  liver.     The  death 
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was  abundantly  accounted  for  by  the  mechanical  injuries,  and  the 
poison  found  was  considered  of  importance  by  the  prosecution  mainly 
for  the  purpose  of  fixing  the  crime  upon  the  defendant.  It  was  proved 
and  admitted  by  the  prisoner  that,  two  days  before  the  murder,  he  had 
purchased  an  ounce  of  arsenic,  "to  kill  rats,"  which  he  claimed  to  have 
secreted  in  his  barn  to  prevent  the  children  getting  it.  A  tin  box  con- 
taining one  ounce  38.4  grains  of  arsenic  was  found  in  the  barn.  The 
prosecution  sought  to  show  that  the  arsenic  found  in  the  barn  could 
not  have  come  from  the  source  claimed  by  the  defense,  and  that  the 
arsenic  found  in  the  stomach  was  similar  to  that  purchased  by  the  de- 
fendant. The  theory  being  that  the  arsenic  found  in  the  barn  had 
been  placed  there  either  before  or  afterward,  that  the  accused  had  ad- 
ministered the  poison  proved  to  have  been  purchased  by  him  to  the 
deceased,  that  he  was  with  her  at  her  death,  and  that  it  was  his  hand 
that  wielded  the  knife  and  the  jagged  stone.  To  effect  this  distinction 
and  identification,  Prof.  E.  S.  Dana  was  sent  to  England  to  study  the 
processes  of  manufacture  of  arsenic,  and  upon  the  trial  nearly  five  days 
were  consumed  by  the  State  in  taking  the  testimony  of  Professors 
Dana,  Brewer,  and  Wormley,  who  affirmed  that  the  "barn"  arsenic 
could  be  readily  distinguished  from  samples  obtained  from  the  stock 
of  which  the  defendant  had  purchased,  and  that  the  latter  closely  re- 
sembled the  arsenic  found  in  the  stomach  of  the  dead  girl.  The  char- 
acters upon  comparison  of  which  this  opinion  was  based  were:  1.  The 
number  of  crystals  as  compared  with  the  number  of  irregular  frag- 
ments. 2.  The  size  of  the  crystals.  3.  The  degree  of  lustre  or  dul- 
ness  of  the  crystals.  4.  The  proportion  of  large  fragments  to  dust- 
like particles. 

The  distinction  between  the  "sample"  and  "barn"  arsenics  was 
certainly  established  by  the  following  differences  in  characters:  1. 
About  one-third  of  the  "sample"  consisted  of  well-defined  crystals,  in 
some  mountings  only  one-fourth,  never  one-half:  while  fully  nine- 
tenths  of  the  "  barn "  was  in  regular  crystals.  2.  More  than  four-fifths 
of  the  "sample"  crystals  measured  yj-^o  to  -g-^-j-  of  an  inch  in  their 
greatest  diameter,  while  the  crystals  of  the  "barn"  arsenic  measured 
raVo  to  To^nr,  except  about  one  per  cent,  measuring  gi^j  to  sio.  3. 
The  crystals  of  the  "sample"  were  dull-surfaced,  while  those  of  the 
"barn"  were  smooth  and  lustrous.  4.  In  the  "sample"  some  of  the 
irregular  fragments  were  larger  than  the  crystals,  and  they  constituted 
more  than  one-half  of  the  mass,  while  in  the  "barn"  they  did  not  ex- 
ceed from  one-tenth  to  one-fourth.  The  distinction,  however,  became 
of  little  or  no  import  when  it  was  shown  that  the  "sample"  arsenic 
had  been  taken  one  month  later  from  the  almost  empty  jar,  and  con- 
sisted of  the  scrapings  of  a  vessel  which  had  been  in  use  for  many  years 


ARSENIC    TRIOXID — PROPERTIES.  399 

and  from  which  many  pounds  of  arsenic,  obtained  from  different  whole- 
salers, had  been  dispensed  by  the  druggist,  who  was  consequently 
unable  to  state  whether  the  scraping  "sample"  was  from  the  same 
wholesale  lot  as  that  from  which  the  defendant  had  purchased  or  was 
the  remains  of  another  lot  put  into  the  jar  ten  years  before. 

The  investigations  of  Professor  Dana  have  therefore  shown 
that  under  favorable  circumstances  it  is  possible  by  microscopic 
examination  to  disprove  the  common  origin  of  two  samples  of 
arsenic.  But  the  result  of  the  Hayden  trial  has  also  shown  that 
caution  is  necessary  in  the  use  of  such  evidence.  The  attempt 
in  this  trial  to  show  similarity  between  the  "sample"  arsenic 
and  that  obtained  from  the  stomach  of  the  dead  girl  failed;  nor 
does  it  seem  probable  that  under  similar  conditions  such  an  at- 
tempt would  prove  successful,  for  the  reason  that  the  solvent  ac- 
tion of  the  gastic  secretions  produces  an  undetermined  modifi- 
cation of  each  of  the  characters  used  for  differentiation. 

In  the  case  of  Com.  v.  Goersen  (Philad.  Oy.  and  T.,  May,  1883) 
Professor  Leffman  found  the  arsenic  adherent  to  the  m.ucous 
membrane  to  be  in  crj'"stals,  which  they  could  not  have  been  had 
the  substance  been  administered  in  a  homeopathic  trituration. 
He  also  observed  some  difference  between  the  regularity  of  the 
crystals  found  in  the  stomachs  of  the  two  victims.* 

In  England,  where  arsenic  when  sold  in  small  quantity  must 
be  mixed  with  one-sixteenth  its  weight  of  soot,  or  one-thirty- 
second  its  weight  of  powdered  indigo,  that  it  may  not  be  mis- 
taken for  one  of  the  many  white  powders  used  in  the  household 
(14  Vic,  c.  13,  s.  3),  it  may  be  possible  to  establish  the  cer- 
tainty of  dissimilarity  or  the  probability  of  similarity  between 
arsenic  found  in  the  stomach  or  vomit  and  that  of  the  particu- 
lar preparation  alleged  to  have  been  administered,  by  the  detec- 
tion or  non-detection  of  these  insoluble  colored  materials.  This 
point  was  the  subject  of  inquiry  on  the  trial  of  Madeleine  Smith 
(1857),  in  which  it  was  shown  that  of  two  samples  of  arsenic 
purchased  by  the  accused  one  was  colored  with  soot  and  the 
other  with  waste  indigo.  Neither  pigment  was  found  in  the 
stomach  or  intestines.^ 

Arsenic  trioxid  is  dimorphous  and  isodimorphous  with  anti- 

'  Paper-book  of  plaintiff  in  error,       Browne   and   Stewart:    "Trials   for 
pp.  19,  70.  Murder   by  Poison,"    pp.    311-312, 

^  Morison's  Report,  pp.  33,  35,  38.       316-317. 
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mony  trioxid,  and  under  certain  conditions  forms  crystals  which 
are  modifications  of  the  right  rhombic  prism.  Thus  when  the 
trioxid  is  subhmed  in  a  test-tube  that  portion  of  the  subhmate 
nearest  to  the  heat  contains  long  prisms  among  the  octahedra, 
their  number  being  increased  by  slight  pressure  and  by  using  a 
temperature  of  about  400°  (752°  F.)'  (Fig.  11).  The  circum- 
stances, however,  under  which  prismatic  crystals  are  produced 
are  not  such  as  obtain  in  the  appHcation  of  the  Marsh  or  Reinsch 
test  as  directed  below. ^ 


Fig.  11. — Prismatic  Crystal  of  Arsenic  Trioxid,  among  Octahedra. 
By  Sublimation  in  Sulfur  Dioxid.      X  250. 

Taste. — Although  the  taste  of  white  arsenic  has  been  de- 
scribed as  hot,  acrid,  sweetish,  metallic,  and  rough,  it  is  under 
the  most  favorable  circumstances  faint.  Taken  in  small  quan- 
tity in  the  soHd  form  it  is,  as  might  be  expected  from  its  sparing 
solubility,  tasteless,  and  in  very  few  of  the  many  instances  in 
which  it  has  been  taken  in  large  quantity  mixed  with  articles 
of  food  is  any  reference  made  to  an  impression  of  taste:  in  15 


'  Sickels:  Loc.  cit. 

^  Occasionally  crystals  are  met 
with  among  the  octahetlra  in  a  sub- 
limate which  have  the  appearance 
of  being  ])risms  with  oblique  ends. 
These,  however,  arc  thin,  flat  deriv- 


atives of  octahedra  so  placed  that 
they  present  their  narrow  faces. 
Their  true  character  becomes  evi- 
dent on  changing  the  focus  and  ren- 
dering the  illumination  somewhat 
oblique. 
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cases  out  of  1000.  In  these  the  taste  was  referred  to  as  "  bitter" 
in  6  cases.  This,  if  correctly  observed,  was  certainly  not  due  to 
arsenic.  In  one  instance'  a  "  nauseous  "  taste  was  noticed,  but  as 
it  escaped  the  notice  of  14  other  persons  who  ate  of  the  same 
poisoned  pudding,  it  was  probably  more  imaginary  than  real. 
Of  a  family  of  8  persons  poisoned  by  arsenic  in  their  food  all  are 
said  to  have  experienced  a  harsh  metallic  taste. ^  This  and 
another^  are  the  only  cases  among  1000  in  which  this  quality  of 
taste  is  referred  to. 

The  aqueous  solutions  of  arsenic,  although  not  acrid  in  any 
degree,  have  a  very  faint  though  distinct  taste,  which  is  at  first 
sweetish,  somewhat  nauseous,  and  later  slightly  metallic  in 
character.  It  is  probable  that  this  taste  is  observable  when  the 
substance  is  taken  in  large  quantity  and  unmixed  with  articles  of 
food.  Indeed,  Liman^  states  that  rescued  suicides  who  have 
taken  it  under  these  circumstances  describe  the  taste  as  harsh  and 
somewhat  salty.  Taylor,^  however,  reports  an  instance  in  which 
three  persons  were  severely  poisoned  by  drinking  port  wine 
"saturated  with  arsenic,"  yet  "not  the  least  taste  was  perceived 
by  any  of  the  parties." 

The  sensation  described  as  a  "rough  taste"  is  more  a  me- 
chanical irritation,  caused  by  the  gritty  character  of  the  crystal- 
line powder,  than  a  true  impression  of  taste.  This  sensation 
has  been  noted  in  several  cases.  The  earliest  is  that  of  Mr. 
Blandy,  who  on  two  occasions  "  perceived  an  extraordinary  grit- 
tiness  in  his  mouth"  on  eating  gruel  prepared  by  his  daughter." 
In  the  case  of  Reg.  v.  John  Guy,  the  victim  is  said  to  have  com- 
plained of  a  "  sandy  taste  on  the  tongue."'  In  his  confession  the 
Rev.  Jacob  S.  Harden,  executed  at  Belvidere,  N.  J.,  in  I860  for 
the  murder  of  his  wife  by  arsenic,  says  that  he  "gave  it  to  her 
on  an  apple;  she  said  there  was  something  gritty  on  it."^  In  a 
case  reported  at  length  by  Renter,  the  victim  shortly  after  tak- 
ing two  spoonfuls  of  soup  on  the  day  preceding  his  death  "thinks 
he  has  sand  in  his  mouth."     At  the  post-mortem  particles  of  a 

'  Morley:    Brit.    M.    Jour.,  1873,  =  "Poisons,"  3d  Am.  ed.,  302. 

i-,  .^S.  ""Tryal  of  Mary  Blandy,"  1752, 

^Thompson:    Northwest    M.    and  p.  12. 

S.  Jour.,  1851-52,  viii.,  8Ef-98.  'Pharm.    J.    and    Tr.,     1857-58, 

^  Vogler:  Ztschr.  f.  Staatsarznk.,  xvii.,  385. 

1846,  lii.,  276.          .  >  "Confession,"  etc.,  1860,  p.  20. 

■*  Casper-Liman :    "Handb.,"    8te 
Aufl.,  ii.,  389. 
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white  powder,  which  proved  to  be  arsenic,  were  found  between 
the  teeth,  on  the  gums,  and  in  the  depressions  of  the  buccal 
mucous  membrane.'  Maschka^  cites  the  case  of  a  woman  who 
abstained  from  eating  more  than  a  few  mouthfuls  of  food,  upon 
which  her  husband  had  "salted"  arsenic,  because  of  the  gritty 
sensation  it  produced  between  the  teeth. 

Solubility. — The  degree  of  solubility  of  white  arsenic  in 
water  and  other  liquids  is  frequently  a  subject  of  chemico-legal 
importance.  The  question  usually  arises  in  cases  in  which  large 
quantities  of  arsenic  are  found  in  the  stomach  or  vomit,  and  the 
defense  advances  the  theory  of  suicide.  In  the  case  of  Reg.  v. 
Madeleine  Smith  87.9  grains  of  arsenic  were  found  in  the  stomach, 
which  it  was  claimed  by  the  crown  had  been  administered  in 
gruel  or  cocoa.  The  defense  contended  that  it  was  impossible 
that  such  a  quantity  could  have  been  taken  unknowingly  by  the 
deceased  in  these,  or  indeed  in  any  liquid  media.'  This  view 
presupposes  the  fact  that  solution  is  a  requisite  to  secret  ad- 
ministration in  a  liquid  medium.  While  this  may  be  true  with  a 
transparent  medium,  and  where  the  victim  is  in  the  possession  of 
his  senses,  it  must  not  be  forgotten  that  a  much  larger  quantity 
than  could  be  dissolved  may  be  stirred  into  a  thick  and  opaque 
liquid,  and  taken  without  producing  any  effect  upon  the  senses, 
except  possibly  the  "rough  taste"  referred  to  above. 

Unfortunately  it  is  not  possible  to  assign  any  definite  solu- 
bility to  arsenic  even  in  water,  as  it  varies  with  many  condi- 
tions: with  the  nature  of  the  oxid,  whether  crystalline,  vitreous, 
porcelainous,  or  in  amorphous  powder;  if  vitreous  or  crystalline, 
whether  freshly  prepared  or  old;  with  the  time  during  which 
contact  is  prolonged;  with  the  amount  of  agitation  to  which  the 
mixture  is  subjected;  with  the  relative  proportions  of  solid  and 
solvent;  with  the  temperature;  and  with  the  nature  of  other  sub- 
stances present. 

Under  all  circumstances  pure  water  at  the  ordinary  temper- 
ature dissolves  the  oxid  slowly,  and  leaves  a  portion  undissolved, 
even  after  very  prolonged  contact  and  when  the  amount  of 
water  present  is  greatly  in  excess  of  that  required  to  dissolve 
the  arsenic. 

1  Med.    Jahrb.    f .    d.    Herzogth.  =  Gutacht.  Prag.  med.  Fak.,  1S67, 

Nassau,  1846,  101,  113,  123.  iii.,  269. 

=  Morison's  Report,  34,  35,  167. 
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Although  the  specific  gravity  of  crystalline  arsenic  is  high 
(3.689)  it  does  not  all  sink  when  thrown  upon  water.  A  por- 
tion floats  upon  the  surface,  forming  a  film,  consisting  of  parti- 
cles of  the  solid  buoyed  up  by  adherent  air  and  larger  air  bubbles 
surrounded  by  the  powder.'  That  which  sinks  does  not  form 
an  even  or  a  heaped  layer  at  the  bottom  of  the  vessel  as  do  other 
insoluble  or  difficultly  soluble  powders,  but  is  disposed  in  nodu- 
lar lumps,  each  spheroidal  mass  consisting  of  an  air  bubble 
surrounded  by  the  powder,  which  itself  is  not  moistened  by  the 
surrounding  water.  The  slow  and  imperfect  solution  of  crys- 
tallized arsenic  in  water  under  these  circumstances  is  due  to  the 
tenacity  with  which  air  adheres  to  the  solid,  preventing  contact 
between  it  and  the  solvent,  and  to  the  great  cohesive  force  of  the 
arsenic.  Gmelin^  found  that  if  1  part  of  the  oxid  be  digested 
with  80  parts  of  water  for  several  days  at  the  ordinary  temper- 
ature, the  resulting  solution  contains  to-  =  11.11  per  thousand; 
with  160  parts  of  water  tItf  =  5 .  55  per  thousand,  with  240  parts, 
■5"-rir=0.83  per  thousand,  and,  even  when  16,000  or  100,000 
parts  of  water  are  used,  a  portion  of  the  oxid  remains  undissolved. 
Powdered  white  arsenic  which  had  been  left  in  contact  with  cold 
water  in  closed  vessels  for  eighteen  years  dissolved  to  the  extent 
of  1  part  in  54  of  water,  or  18.5  parts  per  thousand,  which  may 
be  considered  as  the  maximum  solubility  of  white  arsenic  in 
cold  water. 

The  property  of  arsenic  of  floating  upon  the  surface  of 
liquids  has  attracted  attention  in  several  cases  of  homicide  and 
in  some  instances  has  prevented  the  consummation  of  the  crime.  ^ 

By  adopting  different  methods  of  experimentation  and  oper- 
ating upon  different  varieties  observers  have  reached  widely 
divergent  numerical  expressions  of  the  solubility  of  arsenic. 
There  is  not  concordance  of  results  even  regarding  the  relative 
solubilities  of  the  transparent,  opaque,  and  crystalline  varieties. 
Guibourt*  and  Tidy*  find  the  opaque  more  soluble  than  the 
transparent  in  hot  water,  in  which  Taylor"  finds  the  transparent 

'  Corrosive    sublimate    in    small  Ztschr.  f.  d.  Staatsarznk.,  1821,  i., 

crystals  behaves  in  the  same_manner  29;  1833,  xxvi.,  7;  1856,  Ixxi.,  313. 

when     thrown     upon     cold     water,  J.   d.   chim.   m^d.,  etc.,  1853,  3   s., 

but  does  not  float  for  so  long  a  time  ix.,   690.   Buff.   M.  Jour.,   1852-53, 

as  arsenic  trioxid.  viii.,  68. 

^"Handb.  d.  Chem.,"  Cavendish  *  Journ.  d.  chim.  mM.,  1826,  ii.,  61. 

Soc.  transL,  iv.,  257.  =  "Handb.  of  Chem.,"  397. 

'  "Tryal  of  Mary  Blandy,"  p.  26.  "  "Poisons,"  3d  Am.  ed.,  287. 
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the  more  soluble,  and  in  which  Bussy'  finds  the  two  forms  to  be 
equally  soluble.  Guibourt  and  Winckler^  find  the  opaque  more 
soluble  than  the  transparent  in  cold  water,  while  Bussy  and  Tidy 
find  the  contrary  to  be  the  case.  According  to  Buchner,^  the 
amorphous  is  more  soluble  than  the  crystalline  in  both  hot  and 
cold  water,  while  Tidy's  figures  indicate  that  the  reverse  is  the 
case. 

The  solubility  of  powdered  white  arsenic  by  several  days' 
digestion  in  cold  water  is  given  as  follows  by  different  authors, 
expressed  in  parts  dissolved  by  1,000  of  water:  Bucholtz,  20; 
Fischer,  15.16;  Bergmann,  12.5;  Guibourt,  12.5  if  opaque,  9.71 
if  transparent;  Spelmann  and  Hahnemann,  10.41;  Nasse,  3.12: 
Klaproth,  2.5. 

The  results  obtained  by  Taylor*  are  as  follows : 

Per  i,ooo. 

1.  Boiling  water  poured  on  powdered  opaque  arsenic  and  let 

stand  seventy-two  hours  dissolves 2 .  385 

2.  Another  experiment  under  similar  conditions 2.6825 

3.  Finely  powdered  white  arsenic  gradually  added  to  gently  boil- 

ing water,  and  boiling  continued  one  hour 31 .  5 

4.  Last  set  aside  seventy-two  hours 17 . 0 

5.  Same  experiment  as  No.  3,  but  water  boiling  violently 46.3 

6.  Same  as  No.  5 44 . 5 

7.  Same  as  No.  5 40.76 

8.  No.  5  cooled  to  the  ordinary, temperature 24.7 

9.  Boiling,  saturated  solution  set  aside  for  six  months 28.0 

10.  Same  as  No.  9 24.0 

11.  Transparent  arsenic  finely  powdered  and  boiled  with  water 

an  hour 46 . 0 

12.  No.  11  repeated 47.55 

13.  No.  11  cooled IS. 7 

14.  No.  12  cooled 13.4 

15.  Temperate  water  added  to  powdered  opaque  arsenic  let  stand 

seventy-two  hours  after  one  agitation 1.0 

16.  Same  as  No.  15  with  frequent  agitation , 2.125 

Tidy'^  obtained  results  which  would  indicate,  when  compared 
with  those  of  Taylor,  that  cold  water  dissolves  more  arsenic  in 
twenty-four  hours  than  in  seventy-two,  and  that  the  solubility 
in  hot  water  is  greater  than  that  given  by  Taylor.  Tidy's  re- 
sults are  as  follows : 


■  Journ.   d.   chim.   et  de  pharm.,  ■>  Guy's   Hosp.    Repts.,    18S3,   ii., 

1847,  3   s.,  xii.,  321.  103.                     ^'          f     , 

"  Journ.  f.  pract.  Chem.,  1885,  n.  ^  Woodman  and  Tidy:  "Forensic 

F.,  xxxi.,  247.  Med.,"  1st  Am.  ed.,  139. 

=  N.  Rept.  f.  Pharm.,  1S73,  xxii., 
265. 
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Transparent 
form. 

Opaque 
form. 

Fresh 
crystals. 

One  thousand  parts  of  cold  dis- 
tilled   water    after    standing 
twenty-four  hours  dissolved . . 

One  thousand   parts  of   boiling 
water  poured  on  the  acid  and 
allowed  to  stand  twenty-four 

1.74 
10.12 

64.5 

1.16 
5.4 

76.5 

2.0 
15  0 

One    thousand    parts    of    water 
boiled  for  one  hour,  the  quan- 
tity being  kept  uniform  by  the 
addition  of  boiling  water  from 
time  to  time  and  filtered  im- 
mediately, dissolved 

87  0 

We  have  obtained  results  higher  than  those  of  Taylor  and 
Tidy.  In  one  series  of  experiments  10  gm.  of  each  form  of 
the  solid  were  placed  in  corked  fla,sks  with  100  c.c.  of  distilled 
water  and  agitated  three  times  daily  for  two  minutes,  the  last 
agitation  being  half  an  hour  before  taking  the  sample,  which 
measured  20  c.c,  except  the  last,  of  10  c.c.  The  sample  was 
filtered  through  a  moist  filter  which  was  then  washed  with  2  c.c. 
of  water  and  the  filtrate  evaporated  to  fixed  weight  in  a  weighed 
porcelain  capsule.  Under  these  conditions  the  amount  dissolved 
in  1,000  c.c.  of  solution  was 


In 

twenty- 
four 
hours 

In 

forty- 
eight 
hours 

In 

seventy 

two 

hours 

In 
seven 
days 

6.665 

8.95 

11.78 

15.18 

9.695 

11.635 

12.24 

14.19 

6.095 

8.76 

10.025 

13.81 

5.00 

6.12 

7.15 

11.015 

6.455 
1.805 

9.665 
5.335 

11.38 

7.755 

14.86 
11.175 

In 

ten 
days 


A.  Glass  arsenic  and  large  cry& 
tals  from  body  of  retort 
freshly  sublimed;  in  lumps  . . 

B.  Same  as  A,  but  finely  pow 
dered 

C.  Small  crystals  from  beak  of 
retort,  freshly  sublimed 

D.  Commercial  powdered  ar 
senic,  about  equal  proportions 
of  crystals  and  amorphous 
fragments.     Saxony 

E.  Porcelainous  arsenic,  fifteen 
years  old,  in  fine  powder 

F.  Same  as  E,  in  lumps 


15.67 
15.28 
15.04 

13.54 

15.74 
13.65 
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The  same  experiment  was  repeated  with  A  and  F  under  the  same  con- 
ditions, except  that  A  consisted  of  glass  arsenic  alone,  without  any  crys- 
tals, and  the  contents  of  the  flask  were  only  agitated  once  a  day,  with  the 
following  results:  


A, 
F. 


8.785 

13.69 

15.45 

15.845 

0.665 

2.02 

3.935 

7.84 

15.99 
12.17 


A,  B,  E,  and  F  were  apparently  readily  wetted  by  the  water, 
and  sank  to  the  bottom  in  a  short  time,  leaving  a  more  or  less 
clear  liquid  above;  C  and  D  formed  nodular  lumps  and  did  not  com- 
pletely deposit.  The  glass  arsenic  rapidly  became  opaque,  and, 
when  introduced  in  masses,  rapidly  disintegrated  to  a  moderately 
fine  powder.  From  these  experiments  it  would  appear  that:  1. 
The  glass  arsenic  is  more  rapidly  soluble  in  cold  water  than  either 
of  the  other  forms,  whether  in  mass  or  in  powder.  It  is  prob- 
able that  solution  of  this  form  is  favored  by  the  change  in  molec- 
ular aggregation  which  it  undergoes  in  contact  with  water.  2. 
That  the  porcelainous  variety  in  mass  is  less  readily  soluble  than 
the  other  varieties  at  all  stages,  while  the  same  form  in  powder 
dissolves  slightly  more  readily  than  the  commercial  arsenic.  3. 
That  the  solution  of  all  forms  continues  to  increase  in  strength 
for  at  least  ten  days.  4.  That  the  maximum  solubility  in  cold 
water  of  any  form  by  a  contact  of  ten  days  is  about  sixteen  per 
thousand.  The  solubility  of  the  glass  arsenic  is  of  little  prac- 
tical importance,  owing  to  its  exceptional  occurrence  and  the 
rapidity  with  which  it  is  modified  by  contact  with  air. 

When  boihng  water  is  poured  upon  arsenic  the  solution  is 
more  rapid  with  all  varieties  except  the  powdered  porcelainous 
form,  which  seems  to  be  about  as  soluble  in  cold  as  in  hot  water. 
With  the  other  forms,  except  C  and  D,  the  amount  dissolved  in 
seventy-two  hours  is  very  nearly  the  same  when  cold  water  is 
used  in  the  first  instance  as  when  the  water  is  boihng.  In  the 
following  experiments  the  conditions  were  the  same  as  in  the 
first  series,  but  actively  boihng  water  was  poured  upon  the  sohd: 


A 
B 
C 
D 

E 
F 


In  twenty- 
four  hours 


In  forty- 
eight  hours 


In  seventy- 
two  hours 


In  seven 
days 


In  ten  days 


9.99 
10.16 
12.33 
8.75 
7.215 
4.545 


11.28 

12.087 

13.73 

9.69 

9.28 

6.475 


12.24 
12.61 
14.305 
11.10 

11.895 

S.77 


13.75 
15.10 
15.09 
12.88 
14.46 
11.91 


14.47 
16.20 
15.85 
Lost 
15.45 
14.20 
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If  water  be  maintained  in  ebullition  in  contact  with  arsenic 
the  solution  is  still  more  rapid:  Water  boiled  for  half  an  hour 
in  contact  with  excess  of  the  solid  in  a  flask  fitted  with  a  return- 
condenser  dissolved  in  100  c.c:  8.0112  from  porcelainous 
arsenic  in  lumps;  9.6092  from  crystalline  arsenic,  and  15.3785 
from  freshly  prepared  glass  arsenic. 

Comey*  gives  a  table,  including  shorter  and  longer  periods 
than  those  referred  to  above,  according  to  which  the  vitreous 
variety,  although  much  more  rapidly  soluble  during  the  initial 
period,  forms  a  solution  which  subsequently  deposits  arsenic, 
to  acquire  practically  the  same  concentration  as  the  solutions 
of  the  crystalline  variety.  In  the  table  A  is  the  crystalline  or 
porcelainous  variety,  B  the  vitreous  or  amorphous,  and  the 
figures  represent  the  amount  dissolved  by  1,000  parts  of  water 
at  the  ordinary  temperature : 


Ihr. 

3hr. 

6hr. 

12  hr. 

1  d. 

2  d. 

4  d. 

Iwk. 

3wk. 

2iyr. 

A 

B 

0.23 
15.89 

0.88 
23.56 

3.53 
36.66 

3.64 
33.61 

9.56 
33.06 

16.27 
26.29 

18.14 
24.29 

16.73 
17.63 

17.76 
17.13 

17.12 
17.07 

The  presence  of  organic  matter  is  usually  said  to  diminish 
the  solvent  power  of  water  for  white  arsenic.  It  is  doubtful, 
however,  whether  this  applies  to  organic  substances  other  than 
fats.  Taylor  says  that  hot  tea  and  cold  porter  dissolve  about 
0.6  per  thousand  (one-half  grain  per  fluidounce  Br.),  and  hot 
coffee  about  twice  that  amount.  Dr.  A.  A.  Hayes,  ^  however, 
found  the  fluid  part  of  a  decoction  of  coffee  which  had  caused 
severe  poisoning  of  a  family  to  contain  "apparently  as  much 
arsenic  as  a  cold  saturated  solution,"  and  Silliman^  found  a 
sample  of  tea  which  had  severely  poisoned  a  woman  and  de- 
stroyed her  nursing  infant  to  be  "  nearly  if  not  quite  a  saturated 
solution." 

Blondlot*  has  shown  that  the  presence  of  a  very  small  amount 
of  fat  suffices  to  greatly  impede  the  solution  of  arsenic,  probably 
by  coating  the  surface  of  the  solid  with  a  greasy  film,  which 


'Diet,  of  Chem.  Solubilities,  1886, 
p.  29. 

2  Boston  M.  and  S.  Jour.,  1854, 
xlix.,  42. 


=  Buffalo  Med.  Jour.,  1852-.53, 
viii.,  730. 

*"M^m.  Ac.  Stanislas,"  ex  J.  d. 
chim.  m6d.,  etc.,  1860,  4  s.,  vi., 
139-154. 
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further  increases  its  repulsive  action  toward  the  liquid.  In  one 
of  his  experiments,  the  inside  of  a  test-tube  was  touched  with  a 
rod  moistened  with  oil,  and  then  wiped  with  a  cloth;  15  c.c.  of 
water  and  a  fragment  of  white  arsenic  weighing  0.05  gm.  were 
placed  in  this  tube  and  equal  quantities  in  a  clean  tube.  The 
two  tubes  were  then  heated  in  a  water-bath,  when,  in  half  an 
hour, '  the  arsenic  in  the  clean  tube  had  completely  dissolved, 
while  that  in  the  other  had  suffered  a  diminution  in  size  almost 
imperceptible  to  the  eye.  It  would  seem,  therefore,  that  in 
liquid  articles  of  food  which  contain  fat  or  oil  even  in  small 
amount,  such  as  soup,  milk,  and  tea  or  coffee  to  which  milk  has 
been  added,  the  quantity  of  white  arsenic  which  can  be  dissolved 
is  very  much  less  than  that  which  would  be  dissolved  by  an 
equal  amount  of  an  aqueous  liquid  in  the  absence  of  fatty 
material.  Yet  in  one  series  of  experiments  with  the  same  (com- 
mercial crystalline)  arsenic  trioxid  under  identical  conditions  we 
found  100  c.c.  of  "tea"  to  dissolve  7.234  of  arsenic  trioxid,  and 
100  c.c.  of  coffee  4.9046,  while  100  c.c.  of  soup  dissolved  7.76  gm. 
In  each  case  the  liquid  was  hot,  but  not  boiling,  and  the  dura- 
tion of  the  contact  was  half  an  hour.  The  quantity  of  arsenic  was 
determined  after  destruction  of  organic  matter  by  the  usual 
method  and  as  ammonio-magnesian  arsenate.  If  the  arsenic  be 
introduced  in  lumps  it  will  sink  to  the  bottom,  taking  with  it  a 
protecting  film  of  oil,  and  solution  will  be  almost  completely 
prevented.  But  if  it  be  introduced  in  powder,  particularly  if  the 
liquid  be  thick  or  dense,  although  solution  will  be  similarly  in- 
terfered with,  a  large  proportion  of  the  powder  will  remain  in 
suspension  for  a  long  time,  and  may  be  swallowed  with  the  Hquid. 
If  the  oil  form  a  layer  upon  the  surface  of  an  aqueous  liquid  the 
whole  of  the  powder  may  remain  in  suspension  in  the  oily  layer, 
or  at  its  junction  with  the  aqueous  liquid. 

Niemann'  has  shown  that  milk  left  in  contact  with  powdered 
white  arsenic  at  the  ordinary  temperature  for  a  quarter  of  an 
hour  does  not  dissolve  sufficient  to  be  recognized  by  the  Marsh 
test.  The  interference  of  milk  with  the  absorption  of  arsenic  was 
illustrated  in  a  case  of  attempted  homicide  in  which  a  man  and 
his  wife  took  about  the  same  quantity  of  poisoned  coffee.  The 
man  drank  two  glasses  of  milk  and  suffered  only  a  short  time;  the 
wife,  who  drank  no  milk,  had  severe  symptoms  for  four  days. 
'  Viertljschr.  f.  ger.   Med.,   1857,  xi.,  154. 
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Both  vomited  freely  and  early.'  The  interference  with  solution 
effected  by  fats  and  oils  (all  fats  are  oils  at  the  temperature  of 
the  body)  explains  both  the  delay  in  the  appearance  of  symptoms 
and  the  recovery  after  large  doses  which  have  been  observed  in 
many  cases  in  which  the  poison  in  the  form  of  powder  has  been 
taken  in  soup  or  other  food  articles  containing  fat.  As  the  oils, 
however,  merely  prevent  solution  and  exert  no  precipitant  action, 
the  above  does  not  apply  in  cases  in  which  the  poison  is  added  in 
the  form  of  Fowler's  or  other  solution.  In  such  cases  the  taking 
of  milk,  butter,  etc.,  does  not  delay  a  rapidly  fatal  action.^ 

The  solubility  of  the  oxid  in  alcohol  varies  with  the  strength 
of  the  spirit  and  the  nature  of  the  oxid;  the  vitreous  variety  being 
more  soluble  in  strong  than  in  weak  alcohol,  while  the  contrary 
is  the  case  with  the  crystalline,  as  is  shown  in  the  following 
table  :3 


100  parts  of 
alcohol  dissolve 

Alcohol  of 
56  per  cent. 

Alcohol  of 
79  per  cent. 

Alcohol  of 
86  per  cent. 

Absolute 
alcohol 

Crystallized  f  at  15°  (59°  F.) 

arsenic.      1  at  the  boiling  point. 
Vitreous  oxid,  at  15°  (59°  F.) 

1.680 
4.895 
0.504 

1.430 
4.551 
0.540 

0.715 
3.197 

0.025 
3.402 
1.060 

The  commercial  white  arsenic  dissolves  in  alcoholic  spirits 
and  in  wine  in  about  the  same  proportion  as  in  pure  water. 

The  presence  of  mineral  acids  and  alkalies,  ammonia  and 
the  ammoniacal  salts,  alkaline  carbonates,  tartaric  acid,  and  the 
tartrates  increases  the  solubility  of  arsenic  trioxid  in  water.  In 
the  case  of  the  alkalies  and  alkaline  carbonates  the  increase  in 
solubility  is  great,  particularly  at  elevated  temperatures,  by 
reason  of  the  formation  of  the  soluble  alkaline  arsenites. 

Owing  to  the  great  variations  in  the  solubility  of  white 
arsenic,  experiments  should  be  made  in  all  cases  in  which  the 
degree  of  solubility  is  in  question,  the  conditions  of  the  experi- 
ments being  as  nearly  as  may  be  identical  with  those  of  the  case 
in  debate. 

The  question  whether  arsenic  found  in  the  stomach  was  taken 
in  the  solid  form  or  in  solution  can  only  be  answered  when  arsenic 

'Kilpatrick:    Texas    M.    and    S.  =  From  Wurtz:  "Diet.  d.  chim.," 

Reptr.,  1881,  i.,  89.  i.,  398. 

^  Fahrenhorst:      Mag.    f .    d.    ges. 
Heilk.,  1852,  xx.,  483. 
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in  the  solid  form  is  found  in  a  body  which  has  not  been  completely 
mummified.  In  that  event  it  was  not  taken  in  solution.  The 
theory  advanced  by  the  defense  in  the  case  of  Reg.  v.  Sturt,  cited 
by  Taylor,'  that  arsenic  may  be  taken  dissolved  in  a  liquid  and 
reassume  the  solid  form  in  the  stomach  is  not  tenable  except 
under  the  very  unusual  condition  of  complete  desiccation  of  the 
cadaver.  When  only  dissolved  arsenic  is  found  it  may  have  been 
taken  in  the  solid  form  or  in  solution.  If,  however,  the  quantity 
found  be  large,  and  a  careful  examination  has  failed  to  reveal  the 
presence  of  solid  particles,  it  becomes  highly  probable  that  it  was 
introduced  either  ante-  or  post-mortem  in  the  form  of  a  soluble 
arsenite — a  probability  which  may,  under  exceptional  conditions, 
become  a  certainty  when  the  presence  of  the  arsenite  as  such  is 
demonstrated. 

Pharmaceutical  Preparations. — The  following  are  official 
in  the  U.  S.  Pharmacopoeia  or  in  the  National  Formulary: 
Liquor  Acidi  Arsenosi,  one  per  cent.  AsjOj;  Liquor  Arseni  et 
Hydrargyri  lodidi  (Donovan's  solution),  one  per  cent,  each 
Aslg  and  Hgl2;  Liquor  Auri  et  Arseni  Bromidi,  N.  F.;  0.33  per 
cent.  AuBrg  and  0.83  per  cent.  AsBr3;  Liquor  Potassii  Arsenitis 
(Fowler's  solution),  corresponding  to  one  per  cent.  AsjOj,- 
Liquor  Potassi  Arsenatis  et  Bromidi,  N.  F.  (Clemen's  solution), 
corresponding  to  one  per  cent.  AsjOg  (the  bromid  is  decom- 
posed by  water) ;  Liquor  Sodii  Arsenatis,  one  per  cent,  anhydrous 
sodium  arsenate,  NajHAsO^;  Liquor  Sodii  Arsenatis,  Pearson, 
N.  F.,  0.1  per  cent,  sodium  arsenate;  Sodii  Arsenas  Exsiccatus, 
anhydrous  sodium  arsenate.  A  solution  of  ammonium  arsenite 
of  the  strength  of  Fowler's  solution  is  used  in  continental  Europe 
under  the  name  of  Solutio  Biettii. 

ARSENICAL  POISONING. 

Statistics  and  Origin. 

White  arsenic,  which  was  first  prepared  in  the  third  century^ 
has  in  the  past  caused  more  destruction  of  life  than  any  other 

'  "Poisons,"  3d  Am.  ed.,  319  Olympiodorus  which  contains  a  de- 

2  The  discovery  of  arsenic  trioxid  scription  of  its  preparation,  attrib- 

is  usually  attributed  to  Geber  in  the  uted  to  Africanus  in  the  third  cen- 

eighth    century,     but    among    the  tury.     See  Berthelot:  "Alchimistes 

Greek    manuscripts    published    by  grecs,"  Paris,  1888,  Trad.,  p.  82. 
Berthelot     is     a     commentary     of 
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poison,  except  opium  and  its  derivatives,  although  tabulated 
statistics  usually  show  local  preferences  for  certain  other  poisons. 

In  England  the  Reports  of  the  Coroners  to  the  House  of 
Commons  for  the  years  1837-38'  show  that  35.1  per  cent,  of  the 
deaths  from  poison  were  caused  by  arsenic,  and  37.2  per  cent, 
by  the  preparations  of  opium.  In  1840  arsenic  caused  only  9.1 
per  cent,  and  the  opiates  21.5  per  cent.^  Of  the  cases  of  poison- 
ing admitted  to  Guy's  Hospital  in  1860-74,  only  7.6  per  cent, 
were  caused  by  arsenic — a  percentage  exceeded  by  those  of 
hydrochloric  acid,  mercurials,  oxalic  acid,  lead  acetate,  and  the 
opiates.^  In  England  and  Wales  during  1863-67,  the  percent- 
ages of  deaths  from  known  poisons  were:  from  arsenic,  5.5  per 
cent.;  from  opiates,  31.4  per  cent.;  from  the  salts  of  lead,  16  per 
cent.;  from  cyanic  poisons,  10  per  cerit.;  and  from  other  poisons 
percentages  less  than  that  of  arsenic.^  In  the  Berhn  hospitals 
the  percentage  of  cases  of  arsenical  poisoning  in  1876-78  was 
only  2.7,  which  was  exceeded  by  those  of  carbon  monoxid,  sul- 
furic acid,  phosphorus,  potassium  cyanid,  oxalic  acid,  and 
alcohol.*  Kobert"  has  given  the  number  of  cases  of  poisoning  re- 
ferred to  in  medical  periodicals  in  all  languages  in  the  years  1880- 
89,  of  which  8.3  per  cent,  are  by  arsenic,  8 . 7  per  cent,  by  poison- 
ous foods,  and  10.5  per  cent,  by  lead,  while  the  other  poisons  are 
represented  by  percentages  less  than  that  of  arsenic.  This, 
however,  is  an  indication  rather  of  the  degree  of  interest  awak- 
ened in  the  medical  profession  than  of  the  number  of  cases  which 
actually  occurred. 

Beck  has  given'  an  abstract  of  the  deaths  from  poisoning 
recorded  by  the  coroners  of  New  York  in  the  years  1841-43,  of 
which  14  per  cent,  were  by  arsenic  and  61.4  per  cent,  by  the 
preparations  of  opium.  The  same  records  for  the  years  1867-80 
refer  to  839  poisonings,  of  which  4.4  per  cent,  were  by  arsenic, 
28.2  per  cent,  by  Paris  green,  and  29.5  per  cent,  by  the  prepa- 
rations of  opium.  Arsenical  poisoning  appears  to  be  of  more 
frequent  occurrence  in  India  than  elsewhere.     In  the  five  years 

'London  Med.  Gaz.',   1839,  xxv.,  =  Lesser;     "Atl.     d.    ger.     Med.," 

204.-  i.,  1. 

^  "Sixth   Rept.    Reg.-Gen.    Great  ""Lehrb.      d.      Intoxikationen," 

Brit.,"  1844.  1893,  p.  32. 

3  Taylor:   "Poisons,"   3   Am.   ed.,  '  "Infant  Therapeutics,"  pp.  136- 

178.  143. 

*"Rept.  Reg.-Gen.  Great  Brit.," 
1869. 
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1885-89,  the  percentages  of  poisoning  by  arsenic  in  the  Presi- 
dencies of  Bengal,  Madras,  and  Bombay  were,  respectively,  34. 1, 
50,  and  51,  of  those  in  which  the  nature  of  the  poison  was  known.  ^ 

Homicides. — The  first  recorded  attempt  to  murder  with 
white  arsenic  was  probably  that  of  Woudreton  to  poison  Charles 
VI.  of  France  in  1384,  although  the  poisonous  quality  of  "sub- 
limed" arsenic  was  evidently  previously  known.  The  poison  of 
Toffana  and  Spara  in  the  end  of  the  seventeenth  century  was 
also  probably  arsenical.^ 

Although  in  the  past  arsenic  has  been  the  agent  most  fre- 
quently employed  for  homicidal  poisoning,  the  frequency  of  its 
use  in  this  manner  appears  to  have  diminished  in  those  coun- 
tries in  which  rehable  data  for  comparison  are  available.  The 
French  records  are  the  most  complete  and  show  clearly  the 
diminishing  frequency  of  use  of  arsenic  and  the  corresponding 
increase  of  that  of  phosphorus  in  that  country.  Cormenin^ 
gives  the  number  of  criminal  arsenical  poisonings  in  1833-39  as 
149  in  221  or  67.4  per  cent.,  while  phosphorus  is  not  mentioned. 
Lacassagne*  has  tabulated  the  cases  of  criminal  poisoning  which 
occurred  in  France  from  1825  to  1880,  in  quinquennial  periods, 
from  which  the  following  percentages  are  derived: 


1835 
to 
1840 

1840 
to 
1845 

1845 
to 
1850 

1850 
to 
1855 

1855 
to 
1860 

1860 
to 
1865 

1865 
to 
1870 

1870 
to 
1875 

1875 
to 
1880 

Entire 
period 

Arsenic 

Phosphorus 

49.8 
0.0 

67.2 
0.4 

71.0     57.5 
1.5  1  11.5 

32.7 
33.5 

20.4 
40.8 

21.8     13.1 
36.3  i  43.4 

24.3 
33.3 

38.8 
15  8 

Tardieu'  gives  a  similar  table  covering  a  portion  of  the  same 
period,  between  1851  and  1872,  from  which  the  following  per- 
centages (of  all  criminal  poisonings)  are  obtained: 


1851 

1852 

1853 

1854 

1855 

1856 

1857 

1858 

1859 

1860 

1861 

Arsenic 

Phosphorus 

55,6 
20.6 

64.1 
7.7 

46.5 
5.6 

44.6 
21.4 

52.6 
26.9 

30.0 
30.0 

31.0 
39.6 

18.3 
40.8 

18.3 
32.6 

9.4 
47.0 

35.9 
33.3 

'  Gribble    and    Sehir:    "Outlines  '  Arch,  de  I'anthrop.  crim.,  1886, 

of  Med.  Jur.  for  India,"  1892,  pp.  i.,  260. 
400-401.  =  "Empoisonnement,"  2eme    ed., 

^ See  p.  21.  164. 

'  "M<5m.  k  \'Xc:u\.  d.  Sc.  morales," 
1S42. 
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1862 

1863 

1864 

1865 

1866 

1867 

1868 

1869 

1870 

1871 

Arsenic 

Phosphorus 

13.9 
44.4 

42.1 
26.3 

15.6 
55.6 

23.1 
46.2 

12.6 
25.0 

10.5 
47.3 

32.0 
44.0 

40.0 
31.4 

15.3 
30.7 

11.1 
16.7 

In  the  United  States  we  are  under  the  impression  that  ar- 
senic still  holds  the  first  place  in  frequency  of  criminal  admin- 
istration, although  there  are  no  available  published  or  unpub- 
lished statistics  from  which  a  comparison  can  be  made.  In  an 
endeavor  to  obtain  information  upon  this  point  from  the  dis- 
trict attorneys  of  New  York  State  it  was  learned  that  during 
the  years  1879-89  there  were  twelve  indictments  for  murder  by 
poison  in  thirty-one  counties;  in  six  of  which  the  poison  alleged 
to  have  been  given  was  arsenic.  Neither  phosphorus  nor  mor- 
phin  was  mentioned,  and  strychnin  but  once. 

It  is  probable  that  the  diminishing  frequency  of  arsenical 
poisoning  in  European  countries  is  due  partly  to  the  rigid  re- 
striction of  the  sale  there  of  arsenicals,  and  partly  to  dissemina- 
tion by  the  reports  of  trials  of  the  information  that  arsenic  may 
be  detected  in  the  cadaver  with  certainty  at  an  unlimited  period 
after  death.  Neither  of  these  causes  is  operative  in  the  United 
States,  where  such  restrictions  to  the  sale  of  arsenicals  as  exist 
practically  fail  of  enforcement,  and  where  the  deterrent  influ- 
ence of  the  knowledge  of  the  analyst's  power  is  more  than  over- 
come by  the  information  which  accompanies  it  of  the  general 
practice  of  arsenical  embalming  (see  p.  565). 

It  would  seem,  from  a  comparison  of  the  cases  reported  in 
medical  literature  and  elsewhere,  that  the  percentage  of  homi- 
cidal cases  is  higher  than  with  any  other  poison.  Thus  in  1,000 
cases^  collected  at  random  and  extending  over  the  period  from 
1752  to  the  present  time,  426  were  homicidal,  230  were  suicidal, 
200  were  accidental,  33  to  produce  abortion,  4  through  admin- 
istration by  quacks,  and  in  107  the  motive  is  not  stated.  This 
excess  of  homicidal  cases  over  either  suicidal  or  accidental  is, 
however,  more  apparent  than  real  at  the  present  time,  because 
accidental  and  suicidal  cases  are  rarely  reported  unless  they 
present  some  unusual  feature.  The  records  of  any  large  hospital 
will  show  that  homicidal  arsenical  cases  are  in  a  very  small 
minority  of  all  cases  occurring.     On  the  other  hand,  the  absolute 

'  Counting  mass  poisonings  as  one  case  each. 
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number  of  cases  of  criminal  poisoning  in  which  arsenic  was  the 
agent  used  is  much  greater  than  with  any  other  poison. 

Arsenic  has  also  been,  in  almost  every  instance,  the  agent 
used  by  those  who,  having  succeeded  in  a  first  attempt  at  secret 
poisoning,  have  seemed  to  develop  a  lust  for  murder  and  have 
continued  to  add  to  the  list  of  their  victims  until  their  very 
number  has  aroused  suspicion  and  led  to  detection. ' 

The  use  of  white  arsenic  to  cause  abortion  is  of  more  frequent 
occurrence  than  is  indicated  by  the  number  of  cases  here  men- 
tioned, and  probably  a  considerable  number  of  the  young  women 
"suicides"  took  arsenic  for  this  purpose.  In  7  of  the  cases  the 
arsenic  was  introduced  into  the  vagina;^  in  one  it  was  also  swal- 
lowed;^ and  in  the  others  it  was  taken  or  administered  by  the 
mouth.*  Cases  in  which  the  woman  dies  from  the  effects  of  ar- 
senic (or  other  poison)  administered  by  another  with  intent  to 


'  In  Germany  the  widow  Ursinus, 
who  moved  in  the  higher  circles  of 
Berlin  society,  was  convicted  in 
1803  of  an  attempt  to  poison  a  man- 
servant. She  had  previously  de- 
stroyed her  husband,  a  lover,  and 
an  aunt  by  arsenic.  In  1811  Anna 
Marg.  Zwanziger  was  executed,  hav- 
ing since  1807  poisoned  three  per- 
sons and  made  numerous  attempts. 
In  1831  G.  Marg.  Gottfried  was  exe- 
cuted at  Bremen.  She  had  poisoned 
fifteen  persons,  among  whom  were 
her  parents,  her  three  children,  her 
two  husbands,  and  an  intended 
third.  An  imitator  and  namesake 
of  Gottfried,  G.  Marg.  Brockmann, 
poisoned  her  sister,  father,  and 
brother  within  a  few  years.  In  1875, 
fifteen  years  after  the  first  crime, 

Franziska   K confessed  to  the 

poisoning  of  an  illegitimate  child 
of  her  daughter,  and  of  two  hus- 
bands of  her  own,  and  to  the  at- 
tempted killing  of  a  third  by  the 
same  means.  In  France,  not  to 
mention  earlier  cases.  Pel  was  con- 
victed after  two  trials  in  1884  of 
having  poisoned  his  mistress  and 
burnt  the  body;  his  wife  had  died 
four  years  before  with  symptoms  of 
arsenical  poisoning  and  arsenic  was 
found  in  the  cadaver;  he  had  at- 
tempted to  poison  his  second  wife 
and  was  strongly  suspected  of  hav- 
ing  destroyed   his   mother   in    1S72 


and  two  girls,  one  of  whom  disap- 
peared completely.  Yet  on  the  sec- 
ond trial,  the  jury  finding  extenu- 
ating circumstances  (!)  he  was 
sentenced  to  imprisonment  for  life. 
Another  adept  in  poisoning,  a  phar- 
macist, was  acquitted  at  Havre, 
although  there  can  be  no  doubt  that 
fifteen  persons  were  poisoned  by 
him  in  1886-1888,  and  of  these 
three  died.  In  1885  Maria  Cath. 
Swaneuburgh  was  convicted  at 
Leyden  of  poisoning  her  father, 
mother,  and  son,  as  "the  final 
scenes  of  a  series  of  poisonings  by 
her  during  several  years."  In  Eng- 
land Mary  Ann  Cotton  was  con- 
victed in  1873  of  the  murder  of  her 
stepson.  One  of  three  husbands 
and  four  children  had  died  in  rapid 
succession,  and  "this  woman  suc- 
ceeded in  destroying  by  poison 
twenty  persons  before  her  crimes 
were  discovered."  In  the  United 
States  we  may  cite  the  case  of  Hen- 
rietta Robinson,  convicted  in  1888  of 
the  murder  of  her  son  by  arsenic. 
Eight  others  of  the  family  and  those 
in  domestic  relations  with  her  had 
previously  died  with  symptoms  of 
arsenical  poisoning,  and  arsenic 
was  found  in  the  cadavers  of  all  but 
two. 

"  See  p.  432. 

'  One  of  Hedr^n's  cases,  p.  432. 

'See  p.  474. 
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cause  abortion  are,  in  fact,  homicidal,  and  the  administrator  may 
be  convicted  of  murder  in  the  first  degree.' 

Suicide. — Suicides  at  the  present  time  resort  to  white  ar- 
senic much  less  frequently  than  formerly,  probably  owing  to 
the  popular  knowledge  of  the  existence  of  other  poisons  more 
rapid  and  painless  in  their  action.  According  to  Hofmann,^  in 
Vienna  there  were  63  suicides  by  poison  in  1874  of  which  2  were 
by  arsenic  and  (maximum)  32  by  potassium  cyanid;  in  1875, 
57  suicidal  poisonings,  none  by  arsenic,  and  11  (maximum)  by 
caustic  potash;  in  1876  there  were  2  suicides  by  arsenic.  Falck^ 
mentions  103  suicides  by  poison  in  Prussia  in  1869,  in  56  of 
which  the  nature  of  the  poison  was  undetermined,  in  3  it  was 
arsenic,  and  in  13  (maximum)  sulfuric  acid.  In  England,* 
in  the  years  1858-1877,  there  were  673  suicides  by  poison,  of 
which  29  were  by  arsenic,  and  121  (maximum)  by  cyanic  poi- 
sons. In  the  years  1871-80^  only  7.97  per  cent,  of  the  suicides 
by  poison  used  arsenic,  and  42.36  per  cent,  opiates.  In  this  hst, 
however,  are  included  24.21  per  cent,  by  "  vermin- killers  or  fly- 
killers,"  at  least  a  portion  of  which  must  have  been  arsenical. 
In  the  city  of  New  York  during  the  eleven  years  ending  De- 
cember 31st,  1880,  there  were  1,521  suicides.  Of  these  513  used 
poison,  in  26  cases  only  the  poison  was  white  arsenic,  in  200  it 
was  Paris  green,  and  in  134  opium  or  its  derivatives. ° 

Probably  the  majority  of  suicides  who  die  from  the  effects 
of  white  arsenic  take  it  in  the  shape- of  some  arsenical  rat  poison.' 
Arsenic  has  also  been  used  in  several  cases  of  combined  suicide 
and  homicide.^ 

In  cases  in  which  arsenic  is  shown  to  be  the  cause  of  death, 
and  Paris  green  is  excluded,  the  question  whether  it  was  taken 
knowingly  by  the  deceased  or  administered  by  another  is  one 
which  must  be  left  to  a  jury  to  determine  from  the  moral  evi- 
dence. We  can  hardly  imagine  conditions  under  which  it  can 
be  determined  by  medical  or  chemical  evidence,  and  we  cannot 

'  See  p.  70.  305-317.     A  woman  poisoned  her- 

^"Lehrb.     d.     ger.     Med.,"     5te  self  and  two  children.     Consbruch: 

Aufl.,  662.  Vrtljschr.    f.    ger.    Med.,    1854,    v., 

=  "Lehrb.d.pract.Tox.,"1880, 18.  267-86.     A  father  gave  arsenic  to 

*  "Rept.  Reg.-Gen.  Great  Brit."  three  children  and  took  it  himself;  a 
'  Blyth:  "Poisons,"  1884,  31.  boy  died.  In  the  Reger  case  in  Erie 
"  Dr.  J.  T.  Nagle  in  N.  Y.  World,  Co.,  N.  Y.,  in  1882,  a  woman  killed 

Aug.  19th,  1894.  herself  and  child  and  severely  poi- 

'Seep.  422.  soned    her    husband    and    another 

*  Foster:     Lancet,     1840-41,     ii,,       child  with  arsenic  in  a  pancake. 
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agree  with  Liman,  who/  in  the  case  of  Henke  in  1867,  expressed 
the  opinion  that  because  arsenic  was  found  in  the  stomach 
in  the  form  of  powder  and  in  large  quantity,  and  because  the 
deceased  had  vomited  profusely  it  was  "at  least  highly  prob- 
able" that  the  deceased  had  poisoned  himself,  and  based  this 
opinion  upon  another— i.  e.,  "that  suicides  preferably  use  arsenic 
in  the  form  of  powder  and  in  doses  greatly  in  excess  of  that  re- 
quired to  produce  the  desired  effect." 

It  is  true  that  suicides  as  a  rule  take  large  doses  and  that 
almost  all  of  the  cases  (87.5  per  cent.)  in  which  solid  arsenic  is 
taken  in  substance  are  suicidal.  Suicides  almost  always  take  a' 
single  large  dose;  Paterson,^  however,  reports  the  case  of  a 
woman  who  attempted  to  kill  herself  with  repeated  very  small 
doses  with  the  object  of  escaping  pain.  It  is  very  rare  that  the 
dose  administered  in  homicidal  cases  is  known,  and  in  some  of 
these  it  has  been  large,  while  the  detection  of  such  quantities 
in  the  stomach  as  were  found  in  the  Madeleine  Smith  and  Hay- 
den  cases  indicate  the  administration  of  excessive  quantities.' 
Moreover,  the  detection  of  crystalline  arsenic  in  the  stomach 
does  not  indicate  that  it  was  taken  as  a  dry  powder,  as  it  may  be, 
and  frequently  has  been  in  homicidal  cases,  administered  in 
suspension  in  a  hquid  or  incorporated  as  a  powder  in  solid  arti- 
cles of  food.  Furthermore,  the  assumption  that  suicides  "  pref- 
erably use  arsenic  in  the  form  of  powder"  is  not  warranted. 
Of  126  suicides  by  white  arsenic  only  28,  or  22.2  per  cent.,  took 
the  poison  in  that  form.* 

Accidental. — Unintentional  poisonings  by  white  arsenic 
have  occurred  either  from  its  accidental  admixture  with  articles 
of  food  or  medicine  or  among  operatives  in  industries  in  which 
arsenic  is  used,  or  by  its  improper  medicinal  use. 

Although  published  statistics  are  very  meagre,  it  would 
seem  that  this  class  of  cases  are  of  less  frequent  occurrence  than 
homicidal  or  suicidal.  In  New  York  City,  1867-80,  there  oc- 
curred 235  accidental  poisonings,  of  which  3  were  by  arsenic 
and  2  by  "rat  poison."     In  the  }'ears  1879-81  there  were  but  2 

'  Casper-Liman:  "Handb.  d.  ger.  which    (Ann.    d'hyg.,     1S75,    2    s., 

Med.,"  8te  Aufl.,  ii.,  408.  xHi.,  350)  it  was  said  to  be  22  gm. 

=  Edmb.  M.  Jour.,  1,S,')7,  iii.,  395.  (  =  340     grains),     and     in     another 

=  In  only  nine  of  four  hundred  and  (Med.    Times    and    Gaz.,    1878,   ii., 

twenty-six     homicidal     cases     was  620)  about  11.5  gm. 

the    dose    determined,    in    one    of  'yee  "Solubility,"  p.  402. 
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accidental  poisonings  investigated  by  the  examiners  in  Massa- 
chusetts, '  both  of  which  occurred  in  1880.  Of  1,000  cases  of  arsen- 
ical poisoning  noticed  in  medical  journals  266  were  accidental. 

By  Mistake,  Negligence,  or  Misadventure. — Arsenic 
or  arsenical  rat  poison  has  been  mistaken  for  baking  soda,^ 
cream  of  tartar,^  baking  powder,"  sugar,^  salt,"  flour,^  and  meal,* 
and  in  many  cases  has  been  "accidentally  mixed"  with  various 
articles  of  food. 

As  white  arsenic  volatilizes  and  sublimes  easily  at  200°  (392° 
F.),  and  as  the  usual  temperature  of  the  baker's  oven  is  about 
300°  (572°  F.),  the  claim  may  be  advanced  in  cases  in  which  it 
is  supposed  that  arsenic  has  been  incorporated  in  bread  and 
other  baked  articles  of  food,  that  such  arsenic  would  not  remain 
in  the  bread,  but  be  expelled  by  volatilization.  That  this  claim 
would  be  false  is  shown  by  the  fact  that  bread  still  retains 
water,  which  is  still  more  volatile,  and  by  the  detection  of 
white  arsenic  in  baked  food  articles  in  many  instances.' 

An  instance  is  related  by  Geissler,'"  which  not  only  evidences 
the  persistence  of  arsenic  in  baked  articles,  but  indicates  condi- 
tions under  which  a  suspicion  of  intentional  poisoning  might 
easily  have  arisen: 

Two  persons  suffered  from  arsenical  poisoning  from  eating  cakes 
found  to  contain  each  about  3  mgm.  of  white  arsenic,  which  were  ob- 
tained from  a  bakery.  Other  cakes  of  the  same  baking  and  the  mate- 
rials used  were  found  free  from  arsenic,  and  the  entrance  of  arsenic  into 
these  particular  cakes  was  ascribed,  with  great  probability,  to  the  spat- 

'  Tr.    Mass.    Med.-leg.    Soc,    i.,  iii.,    397.     Ogston:     London     Med. 

174,  201,  254  Gaz.,   1851,   xii.,    183    (in  this  case 

^  O'Reilly:  Dublin  J.  M.  Sc,  1841,  three    women     stole     a     package 

XX.,  429.  labelled  "Arsenic,  2  lbs.,"  and  used 

'  Davis:    Chicago    Med.    Exam.,  it  for  flour  to  make  a  cake  [!]). 

1861,    ii..    421.     Otto:    Viertljschr.  =  Otto:   Viertljsohr.   f.   ger.  Med., 

f.  ger.  Med.,  1865,  n.  F.,  ii.,  177.  1865,  n.  F.,  ii.,  175.     Puchelt:  Med. 

*  Morley:   Br.  M.  Jour.,   1873,  i.,  Ann.,  Heidelb.,  1839,  v.,  606. 

88.    Jeffreys:    London    M.    Times,  "  Morley  (Bennett):  Br.  M.  Jour., 

1851,  n.  s.,  iii.,  229.  1873,  i.,  88,  in  pudding.     Lupton: 

'  Hayes,  A.  A.:  Boston  M.  and  S.  Nashville  J.  M.  and  S.,  1883,  xxxi.- 

Jour.,     1854,    xlix.,    42.     Sanborn:  xxxii.,   7,  in  biscuit.     Riddell:  Va. 

Boston     M.     and    S.     Jour.,     1847,  CI.  Rec,  1872,  i.,  79,  in  bread.     In 

xxxvii.,    239.     Hayes,    J.:    Canada  the  Reger  case  a  flat  pancake  weigh- 

Lancet,  1878,  x.,  196.     Netolitzky:  ing  61  gm.  (about  two  ounces)  con- 

Prag.     med.     Wchnsohr.,     1876,    i.,  tamed  0 .  1632  gm.  white  arsenic  (207 

225.      Friedberg:        " Gerichtsarztl.  grains).     See  also  Seisser  and  Mur- 

Gutacht.,"  1875,  266.  ray  below. 

"Shaw:  Lancet,  1879,  i.,  699.  "Pharm.  Centh.,  Berlin,  1884,  n. 

'  Paterson:  Edinb.  M.  Jour.,  1857,  F.,  v.,  43. 
TV.— 27 
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tering  of  some  of  a  solution  of  arsenic  used  to  kill  meal  worms  into  bak- 
ing pans  not  customarily  used  but  employed  on  this  occasion. 

In  this  class  belong  also  occasional  "mass  poisonings"  in 
which  a  great  number  of  persons  have  suffered  from  "mistakes" 
which  are  the  result  of  a  combination  of  negligence  and  intent 
to  adulterate.' 

In  the  "Bradford  lozenge  case"^  more  than  two  hundred  persons 
were  poisoned  and  twenty-one  died.  The  manufacturer  sent  to  a  drug- 
gist for  "daff"  (terra  alba,  or  ground  g3rpsum)  with  which  to  adulter- 
ate his  product.  Through  the  negligence  of  the  druggist  he  obtained 
white  arsenic  instead,  and  made  up  his  lozenges  of  arsenic  twelve 
pounds,  gum  and  water  four  pounds,  essence  of  peppermint  one  and 
one-half  ounces,  sugar  about  fort)'  pounds,  in  such  manner  that  each 
lozenge,  fl'eighing  forty-three  and  one-half  grains,  contained  from 
eleven  to  sixteen  grains  of  arsenic.  The  druggist  and  confectioner 
were  indicted  for  manslaughter.  The  former  was  acquitted  on  the 
ground  that  the  negligence  was  not  sufficiently  "gross"  and  the  latter 
does  not  appear  to  have  been  tried. 

In  the  Wiirzburg  poisonings'  in  1867,  some  four  hundred  persons 
were  more  or  less  severely  poisoned  by  eating  cakes  into  the  dough  of 
which  arsenic  had  been  mixed  by  an  "unfortunate  accident."  Fortu- 
nately none  died.  A  similar  series  of  poisonings  occurred  among  the 
European  residents  of  Hong  Kong  in  1857.* 

Chronic  arsenical  poisoning  of  varying  degrees  of  intensity 
has  also  been  traced  to  the  use  of  artificial  glucose,  manufactured 
by  the  action  of  arsenical  sulfuric  acid  upon  starch.  This  sub- 
stance almost  always  contains  arsenic  to  the  amount  of  from 
0.0025  to  0.1094  gm.  per  kilo  (0.017  to  0.76  grain  per  pound 
avoirdupois),'^  and  it  is  probable  that  in  some  cases  the  presence 
of  arsenic  in  wine,  attributed  to  the  use  of  arsenical  fuchsin,  is 
due  to  the  use  of  arsenical  glucose  or  of  "burnt  sugar"  made 
from  it.° 

In  the  fall  of  1900  a  severe  epidemic  of  peripheral  neuritis, 

1  See  also  "Sulfids  of  Arsenic."  =  ciouet:  Ann.  d'hyg.,  1878,  2  s., 

2  Ph.  J.  and  Tr.,  1858-59,  xviii.,  xlix.,    14.5.     Ritter,    E.:   "Des  glu- 
340,    351,    390.    Med.    Times    and  coses  arsenicales,"  Paris    1878. 
Gaz.,  185S,  476,  657.     Taylor:  "Pr.  « Schweissinger :   Ph.   Centralh.   f. 
and  Pr.  Med.  Jur.,"  3  ed.,  i.,  284.  Deutschl.,    lsS7,    62.     Barthelemy: 

'Seisser:    Aerztl.    Int.-Bl.,   Mun-      C.  rend.  Ac.  Sc,  Paris,  1883,  xcvii., ■ 
Chen   1869,  XVI.,  45.  752.     The  author   has  also  known 

•  Murray:  Edinb.  M.  J.,  1858,  of  a  similar  case  due  to  the  use  of 
1V-,  13;  Ph.  J.  and  Tr.,  lSo6-70,  xvi.,  beer,  which  was  found  to  contain  a 
"^^-  trace  of  arsenic,  in  whose  manufac- 

ture glucose  was  probably  used. 


ARSENICAL    POISONING STATISTICS   AND    OIUGIN.  419 

accompanied  by  skin  manifesta.tions,  prevailed  among  beer- 
drinkers  in  the  northern  and  midland  counties  of  England,  cen- 
tering in  and  about  Manchester  and  Liverpool.^  On  analysis 
the  beers  used  by  the  victims  of  the  disease  -were  found  to  con- 
tain arsenic  in  proportions  varying  from  0.14  to  0.3  grains  per 
imperial  gallon  (2  to  4  mgm.  per  litre)."  The  origin  of  the 
arsenic  was  traced  to  the  sulfuric  acid  used  in  the  manufacture 
of  "glucose"  and  "invert  sugar,"  the  former  made  from  starch, 
and  the  latter  from  cane-sugar.  These  sugars  are  used  by 
brewers  as  substitutes  for  malt,  as  a  source  of  alcohol,  in  pro- 
■  portions  varying  from  ten  to  fifty  per  cent,  of  the  amount  of 
malt  required.  The  sulfuric  acid  used  in  their  manufacture 
contained  14  gm.  of  arsenic  per  kilo.  An  investigation  of  the 
causes  of  this  epidemic  by  a  Royal  Commission,  appointed  for 
the  purpose  led  to  legislation  regulating  the  use  of  these  sugars.' 

Arsenic  may  also  be  taken  up  by  articles  of  food  from  the 
tinning  and  soldering  of  vessels  and  packages  with  tin  contain- 
ing an  excess  of  arsenic  alloyed  with  it.  This  danger  was  ap- 
preciated by  the  French  police  as  early  as  1781,  and  the  Comite 
d'Hygiene  at  the  present  time  has  fixed  the  permissible  pro- 
portion of  arsenic  in  tin  at  0.01  in  100.''  In  our  own  country  a 
poisoning  by  sardines  was  found  to  have  been  caused  by 
arsenic.^ 

Taylor^  cites  the  occurrence  of  the  poisoning  of  three  hun- 
dred and  forty  children  in  an  English  institution  in  1857,  caused 
by  the  use  of  an  arsenical  liquid  to  clean  a  copper  boiler  in 
which  the  water  used  to  dilute  milk  was  heated.  He  estimates 
that  each  child  received  about  a  grain  of  arsenic. 

Water  may  also  be  contaminated  with  arsenic  by  carelessly 
using  vessels  which  have  previously  contained  an  arsenical  liquid 

'  During  the  last  three  months  of  litre  (J.  Soc.  Chem.  Ind.,  1901,  xx., 

1900  five  hundred  cases  came  under  189). 

the     observation     of    Reynolds    in  ^  See  also  Lancet  and   Brit.  Med. 

Manchester  alone,   with   13  deaths.  J.,  1900,  1901,  1902  passim.   Lancet, 

All  were  beer-drinkers  to  the  extent  1903,    ii.,   1674,   1746.   Brit.   M.  J., 

of  from  2  to  16  pints  a  day  (Med.-  1903,  ii.,  1483,  1557,  1610. 

Chir.    Trans.,    1901,    Ixxxiv.,   409).  "  Chevallier:    J.    d.    chim.    m^d., 

Niven  calculated  that  up  to  Novem-  Paris,     1840,     2    s.,    vi.,    250-254. 

ber,    1900,  two  thousand  cases  had  Pouchet:  Ann.  d'hyg.,  Paris,   1890, 

occurred    in     Manchester     (Lancet,  3  s.,  xxiv.,  113. 

1900,  ii.,  1752;  1901,  i.,  570).  "^  Jenkins:    Med.    Herald,     Louis- 

^  It  is  estimated  by  Hehner  that  ville,  1882-83,  iv.,  17. 

the  smallest  amount  known  to  have  "  "Poisons,"  3d  Am.  ed.,  290,  336. 
caused  trouble   was  0.3  mgm.    per 
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for  drawing  water/  or  from  the  proximity  of  a  manufacturing 
establishment  in  which  proper  precautions  are  not  taken  in  the 
disposal  of  arsenical  waste  liquors.^ 

An  unusual  source  of  multiple  poisoning  is  related  by  Koff- 
ter:'  one  hundred  and  thirty-eight  persons  were  poisoned,  one 
fatally,  by  eating  bread  which  had  been  made  of  flour  which 
had  been  ground  upon  millstones  which  had  been  washed  with 
an  arsenical  solution. 

Arsenic  is  also  a  constituent,  in  small  amount,  of  many  nat- 
ural waters,  in  which  it  exists  as  sodium,  calcium,  or  ferrous 
arsenate.  It  is  most  abundant  in  the  mineral  water  of  Roncegno, 
in  the  Tyrol,  which  contains  259.2  mgm.  of  sodium  arsenate  in 
the  litre  (one  and  one-half  grains  in  a  quart),  a  quantity  suffi- 
cient to  render  its  use  dangerous.  Indeed  Hirt^  has  reported 
the  poisoning  of  a  child  of  twelve  years  by  a  tablespoonful  of 
this  water.  Other  mineral  waters  containing  arsenic  in  notable 
amount  are  those  of  La  Bourboule  (12.6,  14.6,  71.7,  and  72.2 
mgm.  sodium  arsenate  in  the  litre)  ;^  Arene  (21.0  mgm.  sodium 
arsenate);  Mont  d'Or  (0.96  mgm.  sodium  arsenate)  and  Vichy 
(2  mgm.  sodium  arsenate)  in  France;  Levico  (8.69  and  0.95 
mgm.  arsenic  trioxid)  in  the  Tyrol;  Huber  Quelle  (6 . 1  mgm. 
arsenic  trioxid)  in  Bosnia;  Crockett  arsenic-lithia  water  in  \'ir- 
ginia  (0.267  mgm.  sodium  arsenate);  and  Thomson's  bromin-ar- 
senic spring  (0.104  mgm.  arsenic  trioxid)  in  Ashe  County,  N.  C.° 

In  districts  where  arsenical  mineral  deposits  exist  the  waters 
of  streams  have  been  found  to  contain  arsenic  in  appreciable 
quantity.  This  has  been  shown  to  be  the  case  in  a  stream 
called  Whitbeck  in  Cumberland.'  No  fish  live  in  the  stream, 
but  the  inhabitants  upon  its  banks  use  the  water  for  household 
purposes  and  exhibit  the  effects  which  are  observed  among  the 
Styrian  arsenic  eaters.  Hofmann'  has  found  that  the  ochre 
deposited  by  the  water  supplied  to  Leipzig  contains  0.0188  per 
cent,  of  arsenic  trioxid,  and  estimates  the  quantity  in  the  water 

'  Prov.  M.  and  S.  Jour.,  1S41,  iii.,  1S96,    35,    vii.,    1321,    has   reported 

257.      Bell:  Lancet,  1866,  ii.,  506.  the  serious  poisoning  of  a  boy  of  9 

2  Hakes:  Edinb.  M.  and  S.  Jour.,  years  from  a  quantity  of  Bourboule 

1846,    Ixvi.,    43.     Braconnot:    Ann.  water  containing  0.02  gm.  of  sodium 

d'hyg.,  1838,  xx.,  90.  arsenate. 

'AUg.     Wien.     med.   Ztg.,    1863,  «  See  also  Raspe:  Deut.  med.  Ztg., 

vni.,  93.  1SS7,  635. 

'  Breslauer  arztl.  Zcitschr.,   1886,  '  Pharm.  J.  and  Tr.,  1860-61,  n. 

vn.,  25.  s.,  ii.,  2S6. 

'Verit^:    Ann.   de    dermat.,   etc.,  *  Diss.,  Leipzig,  1878. 
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actually  used  by  the  inhabitants  at  6.79  to  28.45  mgm.  in  1,000 
cm.  The  " Reichenstein  disease"  is  a  form  of  chronic  arsenical 
poisoning  which  has  prevailed  in  the  town  of  that  name  in 
Silesia,  and  is  caused  by  the  use  of  surface  waters  containing 
arsenic  to  the  extent  of  2.55  mgm.  of  arsenic  trioxid  to  the  litre. 
The  impregnation  of  the  water  with  arsenic  has  been  caused  by 
the  discharge  of  arsenical  fumes  from  smelting  works  during 
many  centuries  into  the  air,  from  which  they  were  condensed 
and  deposited,  and  afterward  leeched  into  the  soil  by  the 
rains.' 

That  the  milk  of  women  who  are  taking  arsenical  prepara- 
tions medicinally  contains  arsenic  was  known  as  early  as  1838, 
when  Thomson  recognized  its  presence  after  the  use  of  the 
iodid.^  A  woman  was  given  0.008  gm.  (0.012  grain)  of  arsenic 
daily  for  six  days;  100  gm.  of  her  milk  were  found  to  contain 
0.001  gm.  of  arsenic'  Two  cases  are  recorded  of  the  fatal  poison- 
ing of  nursing  infants  to  whose  mothers  arsenic  had  been  given 
with  homicidal  intent.  In  one  of  these  Silliman  obtained  de- 
cisive evidence  of  the  presence  of  arsenic  in  the  stomach  and 
Uver.^  In  the  other  case  it  was  only  when  a  second  attempt  was 
made,  about  fifteen  months  later,  to  poison  the  mother,  that  the 
cadaver  of  the  infant  was  exhumed  and  found  to  contain 
notable  quantities  of  arsenic'  In  a  case  of  alleged  homicide  of  an 
infant  of  two  months,  in  whose  cadaver  Brouardel  and  Pouchet" 
found  a  quantity  of  arsenic  estimated  at  0.005  gm.  (0.8  grain), 
they  expressed  the  opinion  that  the  poison  found  might  have 
originated  from  arsenical  preparations  taken  by  the  nursing 
mother.'  Cases  of  arsenical  poisoning  in  nursing  infants  occurred 
during  the  epidemic  of  beer-poisoning  in  and  about  Manchester 
in  1900.^ 

A  large  proportion  of  accidental  cases  are  caused  by  neg- 
ligence in  exposing  articles  of  food  to  which  arsenical  prepara- 
tions have  been  added  for  the  purpose  of  destroying  rats,  mice, 

'  Geyer:  Arch.f.  Dermat.  u.Syph.,  "Ann.    d'hyg.,    1885,    3  s.,    xiv., 

1898,  xliii.,  221.  73.     Ibid.,  1901,  3  s.,  xlvi.,  490. 

2  Lancet,  1838-39,  i.,  176.  '  See  also  Ewald:  Berl.  kl.  Wchn- 

^Lewin:  " Nebenwirkung  d.  Arz-  schr.,  1882,  xix.,  544.     DolaniPrac- 

neimitt.,"  2te  Aufl.,  415.  titioner,  London,  1881,  xxvii.,  123. 

*  Smith,     J.     B.:     Buffalo     Med.  « Taylor:  Med.  Pr.  and  Circ,  1900, 

Jour.,  1852-53,  viii.,  730.  ii.,      585.     Reynolds:     Med.     Chir. 

'  Brouardel:     Ann.   d'hyg.,  1901,  Trans.,  1901,  Ixxxiv.,  424. 
3  s.,  xlvi.,  490. 
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flies,  in  the  household.'  The  possibilities  have  also  been  sug- 
gested that  poisoned  rats  may  fall  into  wells  and  contaminate 
the  water,^  or  that  poisoned  flies  may  fall  into  articles  of  food 
and  drink.  ^  So  far  as  we  know,  however,  no  authenticated  case 
of  arsenical  poisoning  has  been  traced  to  these  sources,  nor  to 
the  use  of  arsenic  to  protect  grain  from  mice.  Two  fatal  poison- 
ings of  children  by  drinking  embalming  liquids  occurred  in  New 
York  City  in  1883  and  1889. 

The  following  are  some  of  the  more  prominent  arsenical  rat 
and  fly  poisons:  Arsenic,  white  arsenic,  cobalt,  Paris  green  and 
London  purple  are  arsenicals  sold  in  bulk.  The  last-mentioned 
is  a  waste  product  of  the  anilin  industry,  and  is  sold  as  a  potato- 
bug  poison.  We  have  found  the  following  proprietary  articles  to 
contain  arsenic  in  the  proportions  mentioned:  Rough  on  Rats,  a 
grayish  powder,  containing  98.89  per  cent.  As.Og,  mostly  in 
perfect  crystals,  mixed  with  a  black,  granular  powder.  Shoo 
fly  poison  fly  paper,  each  sheet,  18|xl2J  inches,  contains  0.3828 
gm.  (5.9  grains)  AsjOj.  William's  fly  paper,  each  sheet, 
circle  four  inches  diameter,  contains  0.1058  gm.  (1.63  grains) 
AsjOg.  Dutcher's  fly  paper,  each  sheet,  13|xl7f  inches,  contains 
0.6335  gm.  (9.78  grain)  AsjOg.  NickeFs  poisoned  oats,  contains 
9.5  per  cent.  AsjOg.  Allan's  fly  brick  contains  2.34  per  cent. 
AsjOg,  mixed  with  powdered  earth,  probably  dolomite.  Daisy 
fly  killer  contains  68 . 9  per  cent.  AsjOg  (both  arsenite  and  arsenate) 
mixed  with  sugar.  Lyon's  poisoned  cheese  contains  93 . 5  per  cent. 
AsjOj.  Scatter  rats  contains  36.2  per  cent.  As^Og,  mixed 
with  flour.  Rat  dynamite,  contains  91.3  per  cent.  AsjOj, 
mixed  with  bran.  Tannin  rat  and  squirrel  paste  contains  5 . 6  per 
cent.  AS3O3,  with  fat  and  meal.  Raticide  contains  40.7  per 
cent.  AsjOg  mixed  with  a  reddish  powder,  probably  rouge. 
Rats  pat  contains  32.9  per  cent.  AsjOg  with  meal.  Parry's 
infallible  fly  paper,  one  sheet,  6x7f  inches,  contains  0.1426  gm. 
(2.2  grains)  AsjOg.  Saunders  infallible  fly  paper,  one  sheet,  6Jx7| 
inches,  contains  0 . 3546  gm.  (5.47  grains)  As.Oj.  With  the 
one  exception  mentioned  the  arsenic  was  present  as  arsenic 
trioxid  or  an  arsenite. 

'  The  use  of  poison  for  this  pur-  torum,"  Lib.  vii.,  c.  26,  ed.  Francof., 

pose  is  as   old   as   Libavius   (1560-  161.i). 

1616),  who  recommends  a  mixture  ^  Schumburg:   Viertljschr.   f.  ger. 

of  white  arsenic  with  flour  and  milk  yici]..  1S03,  3  F.,  v.,  2s'9. 

made  into  cakes  ("  Syiitnsm:'  wlec-  'See  p.  3S4. 
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The  occurrence  of  the  unfortunate  Affaire  des  vins  d'Hyrrcs 
in  France  in  1888  well  illustrates  the  insidious  clanger  of  the 
careless  handling  and  storage  of  white  arsenic.  A  wine  grower 
experimen'ted  with  arsenic  to  combat  the  ravages  of  the  phyl- 
loxera, and  finding  it  useless  for  that  purpose  stored  away  a 
package  containing  about  75  kgm.  Next  season  four  hundred 
and  thirty-five  cases  of  poisoning,  including  three  deaths,  were 
traced  to  the  use  of  his  wine,  and  it  was  found  that  some  of 
this  arsenic  had  been  used  in  "plastering"  the  wine,  some  of 
which  was  found  on  analysis  to  contain  as  much  as  0.16  gm. 
to  the  litre  (about  two  and  a  half  grains  to  the  quart)  of  arsenic' 
Vallet'-*  reports  a  poisoning  by  arsenical  wine  to  which  com- 
mercial sulfuric  acid  had  been  added  as  a  preservative.  The 
acid  contained  the  abnormally  large  amount  of  4.178  gm.  of 
arsenic  trioxid  per  litre.  Brault'  reported  the  chronic  poison- 
ing of  three  men  by  drinking  wine  which  contained  12.4  mgm. 
arsenic  trioxid  per  liti'e.  Sodium  arsenate  is  still  extensively 
used  in  the  vine  growing  districts  in  France  and  California, 
to  protect  the  vines  from  insects,  a  solution  of  130  gm.  to  the 
hectolitre  being  sprayed  upon  the  vines.  The  dangers  of  the 
practice  are  chiefly  in  the  liability  to  errors  such  as  that  of 
•  Hy&res,  and  in  the  facility  of  access  for  the  would-be  suicide 
or  poisoner.  To  a  lesser  degree  there  is  danger  of  chronic  poison- 
ing, or  even  of  acute  poisoning  by  mistake,  in  the  operatives, 
of  impregnation  of  the  soil,  and  of  contamination  of  the  wine."* 

Cases  are  also  recorded  of  poisoning  by  the  incautious  or 
improper  use  of  the  arsenical  liquor  used  by  shepherds  to  destroy 
the  sheep  tick,^  and  of  the  arsenical  soap  used  by  taxidermists 

'  Cougit:  Ann.  d'hyg.,  1888,  3  s.,  the  large  amount  of  135  mgm.  in  a 

XX.,  348-360.     Marquez : /6td.,  1889,  French  wine.     See  further,   Bertin- 

3    s.,    xxi.,    74-77.     Ollivier:    Bull.  Sans    and    Ros:    Montpelier    m6d., 

Ac.  m6d.,  Paris,  1888,  2  s.,  xx.,  617.  1907,   xxv.,  323.     Mestrezat:   J.   de 

^  J.  de  pharm.  et  de  chim.,  1904,  pharm.    et    de    chim.,    1908,     6    s., 

XX.,  541.  xxviii.,   393.     Cazeneuve:  Bull.   Ac. 

^  Ann.  d'hyg.,  1908,  4  s.,  x.,  136.  m^d.,    1908,    3   s.,  lix.,  133.    Riche: 

*  Gautier and  Clausmann  (C.r.  Ac.  ibid.,  p.  192.  Ga.utier:  ibid.,  p.  229. 

sc,   1904,  cxxxix.,  101)  found  from  Rielle:  loc.   cit.    Moreau:   Bull.  Ac. 

0.0027  to  0.0089  mgm.  of  arsenic  mM.,  Paris,  1909,  3  s.,  Ixi.,  17,61, 

trioxid  per  litre  in  French  wines;  99,  140,  177. 

Gibbs   and   James    (J.   Am.    Chem.  *  NichoUs:  St.  Geo.  Hosp.  Rept., 

Soc,  1905,  xxvii.,  1484),  as  much  as  1869,  iv.,  220.     Bell:  Lancet,  1866, 

0.05  mgm.  in  a  California  wine;  Ash  ii.,  506.     Hadley:  Clin.  J.,  London, 

as  much  as  0.16  mgm.  in  another;  1896-7,  viii.,  372.    Pharm.  J.,  1908, 

and   Formenti    (quoted    by    Reille:  4   s.,   xxvi.,   582.     See  also  Pearse: 

Ann.   d'hyg.,    1908,   4   s.,    ix.,   305)  Lancet,    1898,   ii.,    107.     Sometimes 
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to  prevent  the  ravages  of  insects/  as  well  as  by  the  handling  of 
stuffed  animals  impregnated  with  arsenic/  and  even  by  the 
presence  of  specimens  so  prepared  in  a  sleeping-room.^ 

Industrial  poisonings  by  arsenic  belong  to  two  distinct  classes. 
In  one  the  toxic  agent  is  hydrogen  arsenid,  unexpectedly  pro- 
duced by  a  chemical  reaction  from  arsenic  in  some  form  exist- 
ing as  an  impurity  in  the  materials  used.  These  cases  are 
almost  always  acute,  and  present  a  clinical  history  (discussed 
above)  which  differs  entirely  from  that  of  ordinary  arsenical 
poisoning.  The  second  class  are  mostly  due  to  contact  with 
arsenic  trioxid,  intentionally  used  or  prepared  in  the  form  of 
vapor  or  of  powder,  or  to  the  manipulation  of  substances  con- 
taining white  arsenic  in  considerable  proportions,  and  are  almost 
invariably  chronic  in  character. 

The  industries  in  which  poisoning  by  white  arsenic  occurs 
are :  the  smelting  and  roasting  of  arsenical  ores,  particularly 
those  of  cobalt,  nickel,  and  tin;  the  manufacture  of  arsenic, 
arsenic  trioxid,  and  arsenic  acid;  the  manufacture  of  anilin 
colors;  taxidermists,  candle  makers,  and  enamellers.*  (See  also 
"Arsenical  Greens,  p.  580;  Sulfids  of  Arsenic,"  p.  584.) 

Medicinal. — Although  occasional  instances  of  severe  and 
even  fatal  poisoning  have  resulted  from  the  legitimate  medicinal' 
administration  of  arsenicals  (usually  Fowler's  solution),*  most 
of  the  cases  of  so-called  accidental  medicinal  poisonings  have 
resulted  from  the  external  application  of  arsenical  pastes,  either 
in  the  treatment  of  ulcers^  or  by  quacks  as  alleged  cancer  cures, 

the  liquor  is  made  up  by  the  shep-  ii.,   119.     See  also  "Arsenical  Wall 

herd,  when  it  is  simply  an  aqueous  Papers." 

solution  of  white  arsenic.  Other  ''See  Ferre:  "Arsenicisme  pro- 
mixtures  are  sold,  containing  sodium  fessionel,"  These,  Bordeaux,  1882. 
or  potassium  carbonate,  arsenic,  Schumburg:  Vrtljschr.  f.  ger.  Med., 
soft  soap  and  sulfur,  or  a  mixture  of  1893,  3  F.,  v.,  290.  Little:  M. 
alum  and  arsenic.  Times  and  Gaz.,  1870,  i.,  581;  Lancet, 

'  Nevermann:     Jahrb.    d.    ges.  1845,  i.,   139.     Bird:  Lancet,   1S43, 

Staatsarznk.,  1837,  ii.,  305.  Isidore:  i.,  98.     Horst:  Wchnschr.  f.  d.  ges. 

Rec.  d.  m6m.  m^d.  mil.,  1868,  3  s.,  Hlk.,  1840,  ix.,  57.     Barton:  Lancet, 

XX.,  419.     Both  suicides.  1890,     i.,     119.     Wille     u.     Jorger: 

2  Headland:  Lancet,  1848,  ii.,  697:  Corr.-Bl.     schweiz.     Aerzte,     1886, 

two    children    poisoned     by    a    toy  xvi.,  242. 

white  rabbit.     Ra  y  m  ond:  N  on  v.  °  Speyer:   Wochenschr.   f.   d.  ges. 

Icon.,  de  la   Salpfitriere,    1896,  ix.,  Hlk.,    1840,   ix.,   58.     Castle:  Prov. 

32»:   two   young   women,    by   fruit  M.  and  S.  Jour.,   1848,  347.    N.  C. 

in  contact  with  stuffed  rabbit.  Med.  Jour.,  1879,  iii.,  68. 

'Boston  M.   and  S.   Jour.,   1890,  "Frere's  arsenical  paste  contains 

cxxii.,  398.      Barton:  Lancet,  1890,  white    arsenic     1,    charcoal    1,    red 

mercuric  sulfid  4,  water  q.  s. 
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or  from  the  use  of  arsenic  in  some  form  to  destroy  parasites. 
(See  p.  475.) 

In  alleged  homicidal  cases  the  question  sometimes  arises, 
whether  arsenic  found  in  the  body  may  not  have  been  adminis- 
tered to  or  taken  by  the  deceased  as  a  medicine.  It  is  clear  that 
this  theory  is  only  tenable  when  the  quantity  found  is  small,  and 
when  the  poison  was  not  present  in  the  stomach  in  crystalline 
form.  Arsenic  is  administered  medicinally  only  in  solution 
and  combination,  as  in  Fowler's  solution,  or  in  a  finely  tritu- 
rated form,  mixed  with  sugar  of  milk,  as  in  the  homoeopathic 
triturations,  and  in  the  various  pills,  granules,  tablets,  etc.,  in 
both  of  which  forms  the  crystalline  structure  is  destroyed. 

In  the  case  of  Com.  v.  Goersen,  tried  in  Philadelphia  in  1883,  the 
defendant,  a  homoeopathic  physician,  of  intemperate  habits,  was  con- 
victed of  the  murder  of  his  wife  by  arsenic.  The  theory  of  possible 
medicinal  administration,  with  the  possibility  also  of  an  overdose  hav- 
ing been  given  in  consequence  of  the  defendant's  drunkenness,  was  ad- 
vanced, and  a  physician  of  the  same  school  was  called  by  the  defense 
to  show  the  propriety  of  the  use  of  arsenicum  in  Bright's  disease, 
from  which  it  %vas  claimed  the  deceased  suffered.  As,  however,  the 
quantity  of  arsenic  found  in  the  stomach  was  four  grains,  and  as  it 
was  present  in  crystals,  Professor  Leffman,  the  expert  for  the  prose- 
cution, very  properly  expressed  the  opinion  that  it  had  not  been  trit- 
urated and  "had  been  taken  in  a  solid  form,  undissolved  and  un- 
powdered,"  and  the  physician  called  for  the  defense  admitted  that 
arsenic  in  this  form  "had  not  been  prepared  in  accordance  with  the 
rules  laid  down  in  our  (his)  school."^ 

It  is  only  exceptionally,  however,  and  when  it  is  taken  in 
the  solid  form,  that  arsenic  is  found  in  substance  in  the  stomach. 
When  it  is  not,  the  theory  of  medicinal  administration  may  still 
be  negatived  if  the  quantity  found  be  large.  When  arsenic  is 
administered  medicinally  it  is  in  doses  which  do  not  exceed  0 .  006 
gm.  (i-V  grain),  and  usually  in  doses  of  0.0006-0.003  gm., 
(•j^-g— -jV  grain)  three  times  daily,  and  continued  for  a  long 
time,  with  periodic  interruptions.  As  arsenic  is  not  a  cumula- 
tive poison  (see  Absorption,  p.  522,  Elimination,  p.  546)  the 
existence  of  more  than  0 .  03  gm. .  (^  grain)  of  unabsorbed  arsenic 

'  A.  G.  F.  Goersen  v.  Commonw.  Pa.  St.  Reps.  In  this  connection 
Penn.,  Paper-book  of  "Plaintiff  in  see  also  Liman  in  Casper-Liman: 
Error,"  pp.  17,  19,  90,  91;  also  99th       "Handb.,"  8te  Aufl.,  ii.,  408. 
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in  the  stomach  is  not  explainable  by  the  supposition  of  its  intro- 
duction by  legitimate  medicinal  administration. 

When  arsenic  is  found  only  in  unweighable  quantitj',  and 
not  in  crystals  the  exclusion  of  possible  medical  administration 
as  a  "reasonable  doubt"  must  be  based  upon  grounds  other  than 
quantity  and  form.  It  has  been  shown  by  repeated  experiences 
that  a  person  may  die  of  arsenical  poisoning,  and  still  none  of 
the  poison  be  detected  in  the  body  after  death,  and  the  quantity 
which  is  found  in  the  cadaver  is  only  indicative  of  the  dose 
taken  in  so  far  that  it  proves  the  minimum  of  that  dose,  if  it 
was  taken  during  life.  (See  "Forensic  Questions,"  p.  557.) 
The  detection  of  the  mere  presence  of  arsenic  consequently 
constitutes  one  of  the  factors  which,  along  with  symptoms,  post- 
mortem appearances,  and  history  of  administration  enters  into 
the  sum  of  the  evidence  for  or  against  medicinal  administration. 

The  supposition  of  medical  administration  was  an  important  factor 
in  the  defense  in  two  recent  causes  celebres.  In  the  case  of  Reg.  v. 
Maybrick,  tried  at  Liverpool  in  1889,  death  occurred  on  the  eighth  day 
after  the  supposed  administration,  and  no  arsenic  was  found  in  the 
stomach,  while  one  analyst  found  0 .  02  grain  in  six  ounces  of  liver,  and 
another  0.32  grain  in  four  ounces  by  the  distillation  process  and  0.049 
in  eight  ounces  by  the  chlorate  process.  Unweighable  quantities  were 
found  also  in  the  kidney.  The  defense  made  good  use  of  the  fact  that 
this  condition  of  affairs  is  equally  consistent  with  a  lingering  death 
from  the  criminal  administration  of  toxic  doses,  and  with  death  from 
other  causes  and  during  or  within  an  undetermined  time  after  the  ad- 
ministration of  medicinal  doses,  and  sought  by  every  means  to  estab- 
lish it  as  a  fact  that  tlie  deceased  was  or  had  been  in  the  habit  of  dos- 
ing himself  with  arsenic.  Prof.  William  Carter,  one  of  the  witnesses 
for  the  crown,  in  discussing  the  expert  evidence  upon  this  point  sub- 
sequently, very  properly  remarks:  "It  seems,  therefore,  from  the 
above  evidence — and  no  doubt  much  more  of  the  same  general  char- 
acter could  be  collected^that  it  cannot  be  certainly  concluded  that  a 
person  has  not  been  poisoned  by  arsenic,  if  no  trace  of  that  substance 
be  discoverable  in  the  tissues  fifteen  or  sixteen  days  after  the  onset  of 
symptoms;  nor  that  he  must  hare  been  poisoned  within  that  or  even 
a  much  longer  period  if  traces  be  discoverable.  The  one  thing,  and 
the  only  thing  that  is  certain,  is  that  arsenic  forms  no  part  of  the  nor- 
mal human  tissues,  and  that  when  jiresent  in  them  it  must  have  been 
introduced  from  without;  but  whether  introduced  feloniously  or 
otherwise  must  be  determined  in  every  case  by  a  consideration  of  all  the 
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facts  in  connection  with  it,  and  not  by  the  opinions  of  experts  on  sucli 
dubious  points  as  the  length  of  time  possible  since  the  last  administra- 
tion, etc."  ' 

In  the  "Affaire  Pel,"  tried  at  Paris  in  1884,  the  body  of  one  of  the 
alleged  victims  was  exhumed  four  years  after  death,  and  0.0012  gm. 
(0.0185  grain)  of  arsenic  was  found  in  200  gm.  of  the  "part  correspond- 
ing to  the  liver  and  kidneys,"  and  an  unweighable  quantity  in  the  "  part 
corresponding  to  the  abdomen."  None  was  found  in  the  brain  nor  in 
the  muscular  tissue  of  the  thigh.  At  the  trial  the  defendant  claimed  that 
his  wife  (.the  deceased)  had  undergone  an  arsenical  treatment  during 
the  last  months  of  her  life;  that  the  quantity  found  in  her  bodj'  was 
within  the  medicinal  dose,  and  that  his  wife  had  long  been  taking  ar- 
senic medicinally,  principally  in  the  form  of  Fowler's  solution. 

To  this  defense  Professor  Brouardel  makes  answer:  "According  to 
this  hypothesis  the  exclusive  localization  of  arsenic  in  the  liver  is  not 
readily  explained;  its  dissemination  in  all  of  the  organs,  the  brain  in 
particular,  is  the  rule;  but  in  the  present  condition  of  science  I  cannot 
say  that  the  explanation  of  Pel  should  be  absolutely  discarded.  What 
I  can  affirm  is  this:  None  of  the  observations  which  I  have  made  is 
antagonistic  to  a  poisoning  by  arsenic,  and  the  hypothesis  of  Pel,  while 
it  may  not  be  absolutely  rejected,  has  serious  objections  against  it."  ' 

It  seems  to  us  that  the  learned  French  toxicologist  places  too  much 
reliance  upon  the  indications  of  localization,  and  that  he  would  have 
been  upon  surer  ground  had  he  left  the  determination  of  this  point  to 
the  jury. 

In  a  more  recent  Russian  case,  in  which  traces  of  arsenic  were  found 
in  the  liver,  small  intestines,  and  brain  of  the  cadaver  of  a  woman  who 
had  taken  sodium  arsenite  medicinally  during  twenty  days,  forty  days 
before  her  death,  the  expert  opinion  was  that  the  traces  of  arsenic 
found  might  have  originated  from  the  medication.  The  body  had 
been  buried  six  years  and  two  months.' 

Another  method  by  which  arsenic  may  be  medicinally  in- 
troduced into  the  human  economy  is  by  its  existence  as  an  im- 
purity in  a  medicine. 

The  preparation  which  is  most  frequently  of  forensic  inter- 
est in  this  I'espect  is  bismuth  subnitrate  or  subcarbonate,  partly 
because  of  its  liability  to  contamination  with  arsenic,  and  partly 
because  it  is  a  medicine  to  which  the  practitioner  naturally  re- 

'  Liverpool       Med.-Chir.       Jour.,  '  Scherbatscheff :  Vrtljschr.  f.  ger. 

1890,  X.,  138.  Med.,  1900,  3  F.,  xix.,  233. 

^Ann.  d'  hyg.,  Paris,   1886,  3  s., 
XV.,  12,  106. 
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sorts  for  the  treatment  of  cases  of  gastro-intestinal  disturbances 
not  recognized  as  arsenical  in  origin. 

In  every  case  of  alleged  homicidal  arsenical  poisoning  in 
which  there  is  history  of  the  administration  of  bismuth  its 
arsenical  contamination  is  called  in  question  to  account  for 
arsenic  found  on  analysis.'  In  one  instance  a  trial  for  murder 
was  cut  short  and  the  defendant  released  because  it  was  shown 
by  the  evidence  that  the  deceased  had  received  bismuth  sub- 
nitrate,  and  the  chemist  for  the  defense  thereupon  examined  ten 
samples  of  the  drug  and  found  eight  to  contain  arsenic.  A 
specimen  of  the  identical  stock  from  which  the  prescription  had 
been  made  up  was  not  available.^  In  another  case  of  supposed 
homicide  by  arsenic  the  small  quantity  found  in  the  cadaver 
was  accounted  for  by  the  administration  of  bismuth  subnitrate.' 

Two  questions  are  of  importance  in  this  connection:  1.  The 
quantity  of  arsenic  present  in  bismuth  subnitrate.  If  this  can 
be  determined  by  an  analysis  of  a  sample  of  the  same  stock  from 
which  the  medicine  administered  was  taken,  such  determination 
should  be  made.  If  this  be  impossible,  it  must  be  conceded  that 
the  preparation  administered  may  have  contained  the  maximum 
of  impurity.  The  preparation  is  rarely  absolutely  arsenic-free. 
Gunning  found  all  of  six  samples  examined  to  contain  arsenic.^ 
Hawkes^  found  but  one  arsenic-free  in  seven.  Chittenden  and 
Lambert"  found  but  one  arsenic-free  in  fourteen.  Salisbury' 
found  arsenic  in  thirteen  out  of  eighteen  samples  of  subnitrate 
examined,  and  in  all  of  five  samples  of  subcarbonate.  Baylor' 
examined  four  samples  of  subnitrate  and  failed  to  find  arsenic  in 
any.  Coad°  found  arsenic  in  only  one  of  eight  samples  of  subni- 
trate examined,  and  none  in  six  samples  of  subcarbonate. 

'  In  the  Maybriok  case  (Liverpool  "Poisons,"  3d  Am.  ed.,  470,  with 

Post  Report)  the  bismuth  adminis-  Wormley:     "Micro-Chem.     of    Poi- 

tered   was   shown   to   be   free   from  sons,"  2d  ed.,  317.) 
arsenic.     In    the    Riddle    case    in  =  Rogers:  Tr.  Coll.  Phys.,  Phila., 

Connecticut  in   1879   "the   defense  1857,  n.  s.,  iii.,  197. 
advanced  the  theory  that  the  arsenic  '  Brunner:    Ph.    Jahresb.,     1889, 

found  in  the  exhumed  remains  had  558. 

been    absorbed    from    bismuth,    of  *  Chem.  News,  1868,  xvii.,  260. 

which  the  deceased  had  taken  large  *  Deut.  Amer.  Apoth.  Ztg.,  N.  Y., 

quantities  for  medicinal  purposes"  1888,  ix.,  237. 

(Chittenden  and  Lambert:  Am.  Ch.  "Amer.    Chem.    Jour.,     1881-82, 

Jour.,    lSSl-82,    iii.,    396).     In   the  iii.,  398. 

case   of  State  of  Va.   v.    Emily  E.  '  Chic.  M.  Jour,  and  Exam.,  1878, 

Lloyd  (1S72)  the  question  of  arsen-  xxxvi.,  601. 

ical  bismuth  seems  to  have  been  of  "  Tr.  M.  Soc.  Va.,  1879,  ii.,  413. 

importance.        (Compare       Taylor:  »  Amer.  Chem.,  N.  Y.,  1875,  vi.,  44. 
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The  highest  proportion  of  arsenic  found  in  recent  analyses 
was  in  Goad's  exceptional  sample,  which  contained  0.33  per  cent, 
of  elementary  arsenic.  Salisbury  made  quantitative  determi- 
nations of  three  specimens,  which  contained,  respectively,  0 .  0714, 
0.1,  and  0.2  per  cent,  (one-fourteenth,  one-tenth,  and  one-fifth 
per  cent).,  calculated  as  arsenic  acid,  which  would  correspond 
to  0.0377,  0.0527,  and  0.1055  per  cent,  of  elementary  arsenic. 
This  is  somewhat  below  the  maximum  as  given  by  Stills,'  ap- 
parently from  an  analysis  of  Lassaigne  in  1855,^  who  saj-s  that 
•  0.17  per  cent,  (one-sixth  per  cent.)  has  been  known  to  occur. 
The  maximum  found  by  Hawkes  was  0.0133  per  cent.,  and  by 
Chittenden  and  Lambert,  0.0585  per  cent. 

2.  Is  the  arsenic  in  bismuth  present  in  a  form  capable  of  ab- 
sorption? So  far  as  deductions  can  be  drawn  from  experiments 
upon  animals,  Chittenden  and  Lambert^  have  shown  that 
arsenic  was  not  present  in  the  sample  experimented  upon  in  a 
form  capable  of  being  readily  absorbed  into  the  system.  It  was, 
however,  absorbed  to  a  slight  extent  and  found  in  the  liver, 
spleen,  brain,  blood,  kidney,  heart,  lungs,  and  muscles.  It  does 
not  exist  in  the  subnitrate  in  a  form  soluble  in  boiling  water, 
but  is  dissolved  by  dilute  sulfuric  acid.  It  consequently  does 
not  exist  there  as  arsenic  trioxid,  nor  as  arsenic  acid,  but  most 
probably  as  bismuth  arsenate. 

We  know  of  no  fatal  case  of  arsenical  poisoning  attributed 
to  this  origin.*  Cases  of  non-fatal  poisoning  have,  however, 
occurred  from  this  cause.* 

Arsenic  has  also  been  found  to  exist  as  an  impurity  in  sodium 
sulfate,  and  Cameron"  has  reported  the  fatal  poisoning  of  ten 

'Wharton      and     Stills :     "Med.  be  due  to  arsenic.     The  substance, 

Jur.,"  4th  ed.,  ii.,  283.  however,  was  delivered  by  a  barber 

-  J.  d.  chim.  m6d.,  1855,  4  s.,  i.,  in   mistake   for  magnesia,   and   the 

276.  entire  quantity  was  talcen.     There 

'  Loc.  cit.  seems  to  be  no  evidence  other  than 

*  The  early  case  of  Kerner  (Hei-  the  barber's  statement  that  it  really 

delberger  Id.   Ann.,   1829,  v.,   348),  was  bismuth  subnitrate. 
quoted  by  Wibmer  (i.,  416),  Orfila  '^Fullerton:  Am.  J.  M.  Sc,  Phila., 

("Tox.,"  5th  ed.,  ii.,  14),  and  other  1874,  n.  &.,  Ixvii.,  280.     Underbill: 

writers,   of   a   man   who   died   after  Cincin.   Lane,   and  CI.,   1878,   n.  s., 

symptoms  of  violent  irritant  poison-  i.,  231.     Martiris:  J.  Soc.  d.  sc.  med. 

ing  from  a  dose  containing  8  gm.  of  de  Lisboa,  1878,  xlii.,  307.     Dalch^: 

magistery   of   bismuth   mixed   with  Med.   Contemp.,   Lisboa,    1886,   iv., 

cream  of  tartar,  and  in  whose  ca-  335. 

daver  appearances  similar  to  those  °  Analyst,     London,     1887,     xii., 

observed     in     arsenical     poisoning  32. 
were  found,   has  been  supposed  to 


430  TOXICOLOGY WITTHAUS. 

COWS  by  impure  Glauber's  salt,  containing  over  0 . 1  per  cent. 
(8 . 4  grains  to  the  pound)  of  arsenic  trioxid. 

Arsenical  magnesium  sulfate  (Epsom  salt)  is  now  frequently 
met  with,  owing  to  the  substitution  of  magnesian  limestone  for 
marble  as  a  source  of  carbon  dioxid  in  the  manufacture  of  soda 
water.  Commercial  arsenical  sulfuric  acid  is  used,  and  the 
magnesium  sulfate  produced  as  a  by-product  is  now  an  impor- 
tant source  of  that  salt.  Rattinger'  has  shown  that  the  arsenic 
is  present,  as  an  arsenic,  and  not  as  an  arsenious  compound, 
and  in  a  proportion  of  0.411  gm.  to  the  kilogram.  A  dose  of 
this  salt  of  30  gm.  (about  15)  would  contain  0.012  (one-fifth 
grain)  of  arsenic  acid. 

Mylius  (E,)-  has  found  traces  of  arsenic  in  commercial  so- 
dium bicarbonate  (saleratus,  baking-soda). 

Buchner^  has  shown  that  the  officinal  solution  of  sesqui- 
chlorid  of  iron  (liquor  ferri  chloridi)  frequently  contains  arsenic, 
as  an  arsenic  compound,  probably  ferric  arsenate.  As  this  so- 
lution is  sometimes  used  in  the  preparation  of  the  antidote  for 
arsenic,  and  as  reduced  iron  and  other  iron  compounds  have 
also  been  found  to  be  sometimes  contaminated  with  arsenic,* 
it  has  been  suggested  that  traces  of  arsenic  may  thus  be  intro- 
duced into  the  system  in  the  treatment  of  a  supposed  case  of 
poisoning.  This  theory  was  advanced  in  the  Laffarge  case,  in 
which  the  quantity  of  arsenic  found  was  estimated  as  only 
0.0005  gm.  (yi-ij- grain).5 

The  question  may  also  arise  whether  death  ■\\'as  caused  b)- 
arsenic  or  by  a  mistake  in  the  antidote  administered.  Thus 
Ranke"  reports  the  case  of  an  apothecary  who  was  sentenced  to 
fine  and  imprisonment  for  having  at  least  accelerated  the  death 
of  a  child,  who  had  taken  arsenic  in  the  form  of  rat  poison,  by 
the  administration  of  hquor  ferri  sulfuric!  oxydati  (Liquor  ferri 
tersulphatis,  U.  S.  P.)  in  place  of  the  antidote  which  should 
have  been  prepared  from -it. 

Jaroschi'  has  reported  a  poisoning  which  followed  the  ad, 
ministration  of  glycerol  which  was  apparently  arsenical.     The 

'Pharm.  Jahresb.,  1883-84,  515.  18S3,    n.   F.,   iv.,    570.     Bergmann: 

^Pharm.   Centralh.,    1886,    n.   P.,  Ibid.,  ISSS,  n.F.,  ix    94 

^'V^^^^-.,       r.  =  Taylor:  "Poisons,"  2d  ed.,  416. 

»ChemikerZtg.,lS87,xi.,417;also  "Friedreich's    Bl.    f.    ger.    Med., 

H.   Will:  Suddeutsche  Apoth.  Ztg.,  18S1,  xxxii.,  273. 

1887^  ii.,  410.  'P'rag.    med.  "  Wchnschr.,     1889, 

'  Beckurtz:  Pharm.   Centralhalle,  xi\.,  308. 
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patient  was  a  diabetic  who  suffered  the  characteristic  arsenical 
symptoms  in  consequence  of  dosing  himself  with  large  quan- 
tities of  glycerol.  E.  Jahns  found  arsenic  in  eight  samples 
of  commercial  glycerol  examined  by  him,  and  Barton  found 
seven. out  of  eight  samples  to  be  arsenical.'  Bordas"  found  0 .  007 
to  0. 198  mgm.  arsenic  trioxid  in  100  c.c.  of  samples  of  glycerol, 
and  0.0198  to  0.0396  mgm.  in  glycerophosphates  and  phospho- 
glycerates. 

Huhs^  has  reported  a  non-fatal  poisoning  from  the  use  of 
arsenic  by  a  dentist  to  devitalize  a  tooth-pulp. 

Deakin*  refers  to  three  fatal  poisonings  in  India  caused  by 
administration  of  arsenic  by  the  native  "hakims"  for  the 
cure  of  impotence. 

Pharmacists'  errors  of  substitution  of  arsenic  for  other  sub- 
stances are  of  rare  occurrence,  probably  because  it  is  not  dis- 
pensed in  the  form  of  powder.  Such  errors  have,  however,  oc- 
curred, as  in  a  case  reported  by  Preston^  in  which  a  No.  2 
gelatin  capsule  was  filled  with  arsenic  trioxid  in  mistake  for 
quinin,  and  caused  severe  poisoning.  In  another  case  a  nurse 
caused  the  death  of  a  boy  by  giving  him  white  arsenic  in  mis- 
take for  magnesia.®  In  the  case  of  Reg.  v.  Dore  and  Spry  in 
England  in  1848,  it  seems  probable  that  a  pharmacist's  error 
was  the  cause  of  the  prosecution  of  two  innocent  persons  for 
murder. ' 

Method  of  Introduction. — In  the  great  majority  of  cases 
arsenic  is  taken  or  administered  by  the  mouth,  more  or  less  dis- 
guised, in  homicidal  cases,  by  mixing  with  food,  drink,  or  medi- 
cine. In  some  instances  it  has  not  been  mixed  with  the  food, 
but  only  placed  upon  the  surface  in  such  manner  that  the  per- 
son taking  that  j)art  would  be  affected  while  the  remainder  of 
the  mass  remained  pure.  Thus  Maschka*  reports  the  case  of  a 
man  who  attempted  to  poison  his  son  by  placing  coarsely  pow- 
dered white  arsenic  on  the  surface  of  the  table  salt. 

Fodere*  has  reported  a  case  of  administration  of  white  ar- 
senic by  the  rectum.     That  of  a  servant  girl  executed  in  1807 

'  J.  Am.  Ch.  Soc,  1895,  xvii.,  883.  =  Tr.    Indiana    Med.    Soc,    1880, 

=  C.  r.  Ac.  Sc,  1904,  cxxxix.,  234.  xxx.,  47. 

See  also  Pharm.  J.,  1905,  4  s.,  xxi.,  «Ph.  J.  and  Tr.,  1870,  3  s.,  i.,  b6. 

49.  '  London  M.  Gaz.,  1848,  xlii.,  889. 

^Ztschr.    f.    Med.-Beamte,    1907,  « Friedreich's    Bl.    f.    ger.    Med., 

XX.,  36.  1855,  vi.,  iv.,  66. 

^Indian  M.  J.,  1887.,  vii.,  5.  »  "M^d.  l^g.,"  iv.,  266. 
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for  having  destroyed  her  mistress  by  boiling  an  ounce  of  arsenic 
in  a  Hquid  subsequently  administered  as  an  enema,  after  having 
failed  to  accomplish  the  same  object  with  tartar  emetic  in  a 
"tisane."  In  a  homicidal  case  tried  at  Otsego,  N.  Y.,  in  1860, 
the  theory  of  the  prosecution  was  that  arsenic  had  been  injected 
into  the  rectum.'  Administration  by  the  vagina  has  occurred 
in  eleven  instances,  in  four  of  which  it  was  self-administered, 
either  with  suicidal  intent  or  to  produce  abortion.^  In  a  third 
attempted  abortion  the  woman  died  in  eight  days  after  a  man 
had  blown  arsenic  into  the  vagina  through  a  tube.^  Three  were 
homicidal,  one  unsuccessful/  the  others:  the  case  of  Lambert 
Couvelance,  convicted  in  1800  of  the  murder  of  his  wife,'  and  the 
case  of  a  Finnish  peasant  who  murdered  two  wives  in  succession 
by  this  means.  The  second  had  been  accessory  to  the  first 
crime."  Another  case  of  vaginal  administration  is  reported 
to  have  occurred  in  Russia  in  1890.^  Kratter*  reported  an  un- 
successful attempt  at  homicide  by  this  means,  followed  by  a 
successful  one  by  administration  by  the  mouth.  Stich'  reports 
the  death  of  a  woman  from  introduction  of  arsenic  into  the 
vagina,  but  does  not  state  the  purpose. 

A  case  has  been  reported'"  in  which  arsenical  poisoning, 
with  characteristic  gastro-intestinal  symptoms,  was  caused 
by  the  application  of  a  mixture  of  creosote,  arsenic,  and  gly- 
cerol in  the  ear. 

Intentional  poisoning  of  wells,  a  crime  of  which  innocent 
persons  have  been  so  frequently  accused,  is  not  often  attempted 
with  arsenic.  One  case  is  reported"  of  an  attempt  to  commit 
this  crime  which  proved  unsuccessful  because  of  the  property  of 
arsenic  of  floating  upon  the  surface  of  water. 

iPeo.  V.  McCraney,   6  Harris  C.  niangor:  Act.  Soc.  med.  Havn., 

R-,  49.  1792,  iii.,  178. 

=  Brisken:  Vrtljschr.  f.  ger.  Med.,  '  Jonstoff:    "Westnik    obsh.    hig. 

1S64,  XXV.,    110.     Haberda:    Wien.  sudeb.  i  prakt.  med.,"  St.  Pet.,  1890, 

kl.      Wchnschr.,      1897,      x.,      201.  vii.,  pt.  3,  27.     See  also  p.  474. 

Hedren:     Vrtljschr.    f.    ger.     Med.,  «  Vrtljschr.    f.    ger.    Med.,    1902, 

1905,    3   F.,    xxix.,   Suph.,    56:   two  3  F.,  xxiii.,  7. 

cases,  one  woman  aborted,  the  other  »  Mtinch.  med.  Wchnschr.,    1901, 

not  pregnant.  xlviii.,  425.   ' 

'Edling:    Deutsche   Klin.,    1S73,  "  Prentiss:  Therap.  Gaz.,  Detroit, 

xli.,  381.  1892,  3  s.,  viii.,  105. 

*Schallgruber:   Zts.   f.  Sttsarznk.,  "J.    d.    chim.    m^d.,   etc.,  Paris, 

1825,  Erg.  Hft.,  iv.,  302.  1853,  3  s.,  ix.,  690. 

'Ansiaux:     Zts.      f.      Sttsarznk., 
1821,  ii.,  1S7. 
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Poisoning  caused  by  the  inhalation  of  vapor  of  white  arsenic 
is  most  frequently  accidental,  occurring  either  industrially  or 
by  the  application  of  the  poison  to  walls  in  mistake  for  paint 
(baryta),'  or  as  an  insecticide,^  or  by  burning  some  material  con- 
taining arsenic*  In  this  connection  it  may  be  noted  that 
small  quantities  of  arsenic  may  be  introduced  into  food  cooked 
over  a  fire  of  wood  which  has  been  painted  with  an  arsenical 
pigment.  Eulenberg''  relates  the  case  of  a  chemist.  Dr.  Vohl, 
who  suffered  a  typical  arsenical  poisoning  from  inhalation  of  the 
vapor  of  white  arsenic. 

Homicidal  administration  in  this  way  has,  however,  oc- 
curred. Oxley^  reports  the  conviction  of  a  man  of  manslaughter 
for  having  caused  the  death  of  a  child,  and  the  severe  poisoning 
of  seven  others,  by  burning  pyrites  at  the  door  of  a  small  room 
in  which  they  were.  Two  cases  of  homicidal  poisoning  in  which 
the  administration  was  by  cigars  or  smoking  tobacco  impreg- 
nated by  arsenic  are  recorded,  °  the  latter  of  which  proved  fatal, 
and  arsenic  was  found  in  the  viscera. 

Poisonings  by  the  external  application  of  arsenic  have  been 
either  accidental  or  caused  by  improper  medical  use.  Christison^ 
has  collected  references  to  five  cases  of  poisoning  by  the  applica- 
tion of  powdered  white  arsenic  in  mistake  for  face  or  hair  powder, 
and  Tidy  has  reported*  the  deaths  of  two  infants,  upon  whose 
bodies  "violet  powder,"  found  on  analysis  to  contain  38.5  per 
cent,  of  arsenious  oxid,  was  dusted.  Several  cases  are  recorded 
of  death  or  severe  poisoning  caused  by  the  application  of  oint- 
ments or  solutions  containing  arsenic  trioxid  to  the  uninjured 
skin  to  destroy  lice  or  to  cure  the  itch,'  and  a  number  in  which  the 

1  Ogston:  London  M.  Gaz.,  1851,  1827,   Ixiv.,   13.  Friedreich's   Bl.   f. 

n.s.,  xii.,  184.  ger.  Med.,  1858,  ix.,  iii.,  40. 

-  Ph.  J.  and  Tr.,  1870,  3  s.,  i.,  66.  '  "Poisons,"  Am.  ed.,  258. 

'  Candles   to   which     arsenic   has  '  Lancet,  1878,  ii.,  250. 

been  added  to  render  them  harder  '  Taylor:     Guy's     Hosp.     Repts., 

(see  Husemann:  "Handb.  d.  Tox.,"  1864,  3  s.,  x.,  220,  ointment,  death. 

817.     Errard:   Gaz.   m6d.   d.  Paris,  Fristo:  Ann.  d'hyg.,   1830,  iv.,  437, 

1842,  2  s.,  X.,  713.  Pegna:  L'Orosi,  ointment,  death.     Portalez:  J.  med.- 

Firenza,  1879,  i.,  161-164)  or  which  ch.  pharm.,   1803,  v.,   60,  with  oil, 

are  colored  with  arsenical  pigments  death.     Wagner:    Wchnschr.    f.    d. 

(Lowe:     Analyst,     London,      1889,  ges.  Hlk.,   1839,  viii.,  213,  solution 

xiv.,  83).  in  water,  death.     Belloc:  "Cours  de 

*"Sohadl.   u.  gift.   Gasen.,   1865,  m^d.  16g.,"  1807,  p.  153,  solution  in 

410,  note.  water,  death.     Pyl:  Aufs.  u.  Beob., 

=  Taylor:  "Poisons,"  3d  Am.  ed.,  1783,  i.,  43,  solution  in  water,  death. 

300.  Washbourn:   London  M.   Rev.   and 

"Schlegel:    J.    d.    prakt.    Heilk.,  Mag.,    1799-1800,    ii.,    197,    strong 
IV.— 28 
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application  was  to  a  blistered  or  abraded  surface  for  the  alleged 
cure  of  disease.' 

It  may  be  noted  that  the  experiments  of  Binz  and  Schulz^ 
have  demonstrated  that  poisoning  may  be  caused  in  animals  by 
the  hypodermic  injection  of  a  saturated  aqueous  solution  of 
white  arsenic  or  by  its  apphcation  to  the  conjunctiva,  in  the 
latter  case  with  the  production  of  little  more  local  disturbance 
than  is  produced  by  a  weak  salt  solution  similarly  applied. 

ACUTE  ARSENICAL  POISONING. 

Lethal  Dose.^ 

The  question:  "What  is  the  smallest  quantity  of  arsenic 
capable  of  destroying  human  life?"  is  one  which  is  asked  of  ex- 
perts in  every  trial  for  murder  by  arsenic.  It  is  a  question  which, 
notwithstanding  the  great  number  of  cases  of  arsenical  poison- 
ing observed,  is  still  without  a  satisfactorj-  solution.*  The 
answer  usually  given  places  the  minimum  lethal  dose  at  between 
two  and  four  grains  (0 .  13—0 .  26  gm.) .  While  this  is  in  consonance 
with  the  statements  of  most  writers  upon  the  subject,  it  is  rather 
an  expression  of  opinion  as  to  what  might  occur  than  a  statement 
of  observed  fact. 

The  opinion  that  two  grains  may  pro^•e  fatal  was  first  ex- 
pressed by  Hahnemann,'^  whose  belief  in  the  efficacy  of  small 

solution,       recovery.       Desgranges:  1846,     xxxvi.,     141,      two     deaths. 

Rec.  per.  d.  1.  Soc.  d.  m6d.,   1756,  Mean:  Bibl.  m6d.,  1821,  Ixxiv.,  401, 

vi.,    22,    ointment,    recovery.     Mit-  deatli.     Barker:   St.   Louis  M.  and 

chell:  Med.  Times  and   Gaz.,   1853,  S.  Jour.,  1864,  n.  s.,  i.,  29,  recovery, 

n.    s.,    vii.,    612,    with    soft    soap,  Seguin:  J.    Nerv.    and    Ment.    Dis., 

recovery.     Beck:    Am.    J.    M.    Sc,  1882,   ix.,   666,   two   cases,   chronic 

1851,    xxii.,    259,    with   gin,    death.  effects. 

Ingerslev:  Virch.-H.   Jbt.,    1867,   i.,  ^  Arch.  f.  exper.  Path.  u.  Pharm., 

432,      strong     solution,     death.  1879,  xi.,  200-230. 

Riedel:  Vrtljschr.  f .  ger.  Med.,  1899,  »  See  pp.  92,  211. 

3    F.,  xvii.,  49,     alkaUne  solution,  *  AVe  quite  agree  with  Hausmann, 

death.      Muller:    Med.    Cor.    Bl.   d.  who  in   the   course   of  an  analysis 

AViirtemb.  aerztl.  Ver.,  1897,  Ixvii.,  of  the  question  of  tolerance  estab- 

2S7,  about  2%  solution,  death.  Mshed  by  the  Styrian  arsenic  eaters 

'  Graham:  Glasg.  M.  J.,  1868-69,  says  that  it  is  impossible  to  even 

n.     s.,     i.,     56,     death.     Cameron:  approximately  fix  the  lethal  dose  of 

Brit.  M.  Jour.,  1890,  ii.,  203,  death.  arsenic     for     man      (Deut.     med. 

Speyer:  Wchnschr.  f.  d.  ges.  Hlk.,  Wchnschr.,  1903,  xxix.,  787). 

1840,    ix.,    .58,    recovery.     Errard:  '  "Ueber  die  Arsenikvergiftung," 

Gaz.  m6d.  d.  Paris,   1842,   2  s.,  x.,  Leipzig,    1786,   p.    53.     Eine   gerin- 

713,      one     death,     one     recovery.  gere    Menge   als   fiinf   Gran   weisser 

Vernois,    and    Vitry:    Ann.    d'hyg.,  Arsenik  u.  s.  w.  unter  weniger  giln- 
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doses  is  well  known.  In  its  support  the  observations  of  Lachfese 
fils  are  quoted  by  many  writers.'  He  concludes  that  0.01  gm. 
(one-eighth  grain)  taken  in  food  may  cause  vomiting;  that 
0.02  gm.  (one-fourth  grain),  taken  once  only,  causes  vomiting, 
colic,  and  prostration;  that  the  same  quantity  repeated  next  day 
renews  these  symptoms  in  such  force  as  to  render  the  individual 
unfit  for  work  till  three  or  four  days  afterward,  and  that  four 
such  doses  taken  at  intervals  during  two  days — that  is,  0.1  to 
0 .  13  gm.  (one  and  one-half  to  two  grains)  in  all — excite  gastr6- 
enteritis  and  may  prove  fatal,  since  two  individuals  who  had 
taken  this  much  died,  one  in  seven  weeks  the  other  three  weeks 
later.  ^  It  will  be  observed  that  this  statement,  so  far  as  it  refers 
to  a  lethal  action,  applies,  not  to  the  administration  of  one  dose, 
but  of  repeated  doses,  the  absorption' of  which  is  more  perfect. 
Moreover,  it  is  questionable  whether  a  death  occurring  seven  or 
even  three  weeks  after  the  taking  of  such  doses  can  be  justly 
considered  as  caused  by  them  directly,  except  as  a  result  of  a 
chronic  poisoning  succeeding  an  acute  one.^ 

The  statement  that  0.13-0.2  gm.  (two  to  three  grains)  is, 
under  certain  circumstances,  a  lethal  close  is  further  based  upon 
the  reports  of  two  alleged  cases.*  An  examination  into  the  cir- 
cumstances of  these  cases,  as  given  in  the  original  reports,  con- 
vinces us  that  the  consideration  of  arsenic  as  the  cause  of  death 
in  them  is  purely  on  the  principle  of  post  hoc  ergo  propter  hoc. 

stigen  Umstanden  verschluckt,  ver-  *  Taylor  ("Med.  Jur.,"  11th  Am. 

mag  das  namliche  zu  thun;  ja  nur  ed.,    125,    and    "Poisons,"    3d   Am. 

ein   bis   zwei   Grane   konnen,   wenn  ed.,  302):  "The  smallest  fatal  dose 

viele  der  beim  ersten  Grade  ange-  of  arsenic  hitherto  recorded  is  two 

zeigten   Umstande   zusammen   tref-  grains.     Mann     ("For.     Med.     and 

fen,  eine  nach  verschiednen  Tagen,  Tox.,"  431):  "Two  grains  of  arseni- 

ja   noch  geschwinder  todliche  Ver-  ous  acid  have  proved  fatal."  Worm- 

giftung  selbst  bei  einer  Person  von  ley  ("  Micro-Chem.  of  Poisons,"  2d 

reiferm  Alter  hervorbringen.  ed.,  246):  "In  a  case  quoted  by  Dr. 

'  Ann.    d'hyg.,    1837,   xvii.,    334-  Taylor,  two  grains  of  the  poison,  in 

350.     Quoted  by  Christison,   Beck,  the  form  of  Fowler's  solution,  taken 

Orfila,   Tardieu,   Taylor,    Wormley.  in  divided  doses  during  a  period  of 

This    was    an    account    of   a    mass  five  days,   destroyed   the  life  of  a 

poisoning  of  13  persons  by  arsenic  woman.     The  same  writer  cites  an- 

put  into  flour  and  baked  into  100  other    instance,    reported    by    Dr. 

pounds  of  bread.     The  dose  taken  Letheby,  in  which  two  grains  and 

by  each  person  therefore  is  a  matter  a  half  killed  a  robust,  healthy  girl, 

of  pure  conjecture.  aged  nineteen,  in  thirty-six  hours." 

2  Orfila     ("Tox.,"    54me    ed.,    i.,  Blyth  ("Poisons,"  505):  "The  small- 

425)  remarks  that  this  last  conclu-  est  dose  of  arsenic  known  to  have 

sion   "ne  saurait  etre  adopts   sans  proved  fatal  to  a  human  being  is 

de  grandes  restrictions."  0.16   gm. (2 J  grains),"  etc. 

'  See  Lawes'  case,  p.  437. 
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The  two-grain  case  is  reported  by  H.  T.  Castle.'  It  was  that  of  an 
adult  female  in  whom  abortion  had  been  recently  produced,  who  took 
half  an  ounce  of  Fowler's  solution  in  unknown  doses  between  Satur- 
day and  Wednesday,  and  died  on  the  following  Saturday,  having  suf- 
fered from  general  illness  and  fever,  with  no  sickness,  purging,  or 
other  particular  pain  in  the  stomach,  and  having  had  repeated  attacks 
of  syncope,  shortly  after  one  of  which  she  died.  General  and  intense 
inflammation  of  the  stomach  and  intestines,  and  an  enlarged,  red 
uterus,  bedewed  with  mucus,  were  found  at  the  autopsy,  and  traces 
of  arsenic  were  detected  in  the  stomach  and  liver. 

It  will  be  observed  that  there  is  no  history  of  the  administra- 
tion of  "two  grains  of  arsenic,"  but  of  a  quantity  of  Fowler's 
solution  containing  an  amount  of  potassium  arsenite  correspond- 
ing to  two  grains  of  arsenic  trioxid.  The  nature  of  the  symp- 
toms and  the  post-mortem  appearances  indicate,  moreover,  that 
the  abortion  had  quite  as  much  to  do  ■with  the  death  as  did  the 
Fowler's  solution. 

Letheby's^  case  is  that  of  a  "healthy,  robust  girl  of  nineteen  years" 
who  "took  about  two  ounces  of  fly-water  containing  two  and  one-half 
grains  of  white  arsenic"  at  night.  She  suffered  the  s^-mptoms  of  ar- 
senical poisoning,  from  which  she  rallied  during  the  following  day  and 
passed  a  comfortable  night.  On  the  second  morning  she  became 
drowsy,  with  a  pale,  anxious  countenance,  cold  extremities  bathed  in 
clammy  perspiration,  hardly  perceptible  pulse,  and  incipient  coma.  In 
this  condition  she  was  transferred  to  the  hospital,  where  the  coma  be- 
come more  and  more  intense  until  she  died,  thirty-six  hours  after  hav- 
ing taken  the  fiy-water.  On  admission  to  the  hospital  it  is  stated  that 
"when  roused  she  spoke  of  what  she  had  done  and  seemed  conscious 
of  her  danger."  At  the  autopsy  the  brain  was  found  congested,  the 
lateral  ventricles  full  of  half-coagulated  blood,  the  heart  flabby,  dis- 
tended with  jelly-like  blood,  and  with  hemorrhagic  spots  on  the  endo- 
cardium ;  the  stomach  pale,  nearly  empty,  and  gamboge-yellow  toward 
the  pylorus.     Arsenic  was  found  in  the  tissue  of  the  stomach. 

Here  again  we  have  not  to  deal  with  "  two  and  one-half  grains 
of  arsenic"  but  with  "about  two  ounces"  of  a  liquid  fly  poison, 
notoriously  variable  in  composition,  which  contains  potassium 
or  sodium  arsenite,  and,  in  the  absence  of  any  statement  in  the 
report  as  to  how  the  amount  of  arsenic  was  determined,  we  must 
consider  that  the  dose  taken  is  not  given  with  sufficient  ac- 
'  Prov.  M.  and  S.  Jour.,  1848,  347.  =  Lancet,  1847,  i.,  44. 
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curacy.  It  would  seem  also  from  the  report,  although  it  is  not 
specifically  stated,  that  the  deceased  was  a  suicide  and  that 
much,  if  not  all,  of  the  history  previous  to  entrance  in  the  hos- 
pital is  hearsay  evidence.  Conceding,  however,  that  the  de- 
ceased did  take  the  dose  mentioned  and  was  thereby  severely 
poisoned,  the  later  history  of  the  case  and  the  post-mortem  ap- 
pearances are  much  less  consistent  with  death  from  arsenic 
than  with  death  from  cerebral  hemorrhage,  or  even  from  mor- 
phin  poisoning. 

Lawes  has  recently  reported  a  case'  which  very  nearly  fulfils 
the  conditions  of  Lachese's  cases,'  except  that  here  the  amount 
taken  is  definitely  known.  It  is  not,  however,  a  death  from 
white  arsenic,  taken  in  a  single  dose,  but  one  from  a  combination 
of  potassium  arsenite  and  arsenic  triiodid,  about  equivalent  in 
arsenic-content  to  one  grain  of  white  arsenic,  taken  in  divided 
doses  during  four  days  and  a  half,  and  preceding  which  there  was 
a  clinical  history  of  a  not  very  severe  gastro-enteric  action, 
followed  by  a  typical  chronic  poisoning,  terminating  in  death  in 
9+  weeks. 


A  woman  of  thirty-six  years  was  seen  first  on  June  4,  40  hours  after 
she  had  ceased  taking,  during  4-J  days,  a  prescription  containing  in  all 
70  minims  of  Fowler's  solution  (=0.64  gr.  AsjOj)  and  210  minims  of 
Donovan's  solution  ( =1.89  gr.  Aslj).  At  that  time  there  were  great 
epigastric  tenderness,  abdominal  pain,  hard  dry  tongue,  frequent  vomit- 
ing, and  attempts  to  defecate,  with  no  proper  result.  The  next  day 
the  vomiting  had  stopped,  the  epigastrium  was  still  very  tender,  there 
were  cramps  in  the  calves,  with  some  loss  of  power,  and  the  urine  was 
retained.  Within  a  week  there  was  complete  paralysis  of  the  lower 
limbs,  with  foot-drop,  and  diminished  knee-jerk.  In  a  few  days  more 
there  was  almost  complete  paralysis  of  the  arms,  with  wrist-drop.  She 
could  swallow,  but  could  not  lift  the  head.  The  bowels  were  under 
complete  control,  and  moved  once  daily.  As  the  illness  advanced  there 
were  crises  of  intense  pain,  with  burning  sensations,  feelings  of  contrac- 
tion, and  hyperesthesia:  most  of  the  symptoms  of  marked  peripheral 
neuritis.  She  impro\'ed  somewhat  and  could  move  the  trunk  and  ex- 
tremities, but  .the  previous  condition  reverted  with  crises  of  suffering 
more  intense  than  ever,  with  exaggerated  reflexes.  She  began  to  go 
down-hill,  got  steadily  worse,  and  died  August  3. 

'  Australas.  M.  Gaz.,  1908,  xxvii.,  544.  -See  p.  435. 
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We  have  now  to  consider  other  cases  in  which  it  is  claimed 
that  death  has  been  caused  by  small  doses. 

Christison'  refers  to  the  following  cases:  1.  A  case  of  death  in  six 
hours  from  four  and  one-half  grains.  This  is  reported  by  Fahren- 
horst^  and  is  the  case  of  a  boy  of  four  years  who  received  a  solution  of 
arsenic  by  mistake,  suffered  from  constriction  of  the  oesophagus,  retch- 
ing, vomiting,  cutting  pains  in  the  stomach  and  abdomen,  burning 
sensation  in  the  pharynx,  cramps,  trembling,  weakness,  and  collapse, 
and  died  in  six  hours.  The  autopsy,  made  fifteen  days  after  death,  re- 
vealed the  existence  of  gastritis  and  duodenitis,  the  lungs  were  con- 
gested, the  pharynx  and  larynx  inflamed,  the  great  vessels  full  of 
hquid  blood  and  the  heart  flabby.  An  analysis  of  a  portion  of  the  liquid 
administered  to  the  child  showed  that  it  contained  arsenic  in  such  pro- 
portion that  the  dose  given  was  four  and  one-half  grains  of  white  ar- 
senic. There  does  not  seem  to  be  reason  to  doubt  that  death  in  this 
case  was  caused  by  arsenic,  and,  if  we  may  trust  the  accuracy  of  quan- 
titative analysis  made  at  this  early  period,  we  must  admit  that  this 
quantity  of  arsenic  may  cause  the  death  of  a  chUd  of  the  age  men- 
tioned when  given  in  solution. 

2.  The  case  of  a  man  who  died  from  taking  six  grains,  mentioned 
by  Alberti,  the  particulars  of  which  Christison  was  unacquainted  with. 
This'  is  a  report,  in  a  case  of  alleged  homicide,  upon  the  question 
(among  others)  whether  a  quantity  of  arsenic  "of  the  size  of  a  pea" 
and  estimated  as  weighing  six  grains,  which  the  accused  had  confessed 
to  having  given,  was  capable  of  causing  death.  In  the  "responsum," 
dated  1738,  the  question  is  evaded,  it  is  considered  probable  (p.  640) 
that  the  deceased  received  a  large  amount,  and  from  all  the  circum- 
stances the  conclusion  is  reached  that  he  died  of  arsenical  poisoning. 

3.  The  cases  of  two  children  poisoned  by  rather  less  than  sixteen 
grains.  This  is  an  instance  related  by  Aguilhon  and  Barse*  of  two 
children,  aged  four  and  a  half  and  seven  years,  who,  between  them, 
ate  a  quantity  of  cheese  containing  0.8  gm.  (12.35  grains)  of  arsenic, 
prepared  to  poison  a  cat.  Both  manifested  the  symptoms  of  arsenical 
poisoning,  and  one  died  on  the  third  day.  The  symptoms  and  post- 
mortem appearances  were  consistent  with  arsenical  poisoning,  and  ar- 
senic was  found  in  the  blood,  heart,  and  contents  of  the  stomach.  It 
is  not  stated  what  proportion  was  taken  by  the  child  that  died,  but  even 
if  it  took  the  entire  amount  this  would  still  remain  the  smallest  dose  of 
solid  arsenic  known  to  have  destroyed  a  child. 

4.  A  case  alluded  to  by  Valentini  in  which  thirty  grains  of  the  oxid 

1  "Poisons,"  Am.  ed.,  232-233.  ^  "  Jurispr.  Med.,"  Lips.,  1740,  v., 

^  Mag.  f.  d.  ges.  Heilk.,  1823,  xx.,      619. 
483.  *  Bull.  Ac.  de  med.,  1840,  v.,  144. 
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killed  an  adult  in  six  days.  This'  is  a  "responsum"  to  tlie  question 
whether  a  quantity  of  white  arsenic  of  the  size  of  a  bean  (fabaj  magni- 
tudine  quod  pondere  drachmam  dimidiam  sequat)  was  capable  of  caus- 
ing death,  made  in  the  affirmative  by  Valentine  in  1652. 

Woodman  and  Tidy^  refer  to  Sigmond's  case  and  to  two  cases  of 
death  from  external  application  in  which  the  quantity  presumed  to 
have  been  absorbed  was  small,  although  indefinite. 

The  following  modern  authors  are  silent  upon  the  subject 
of  lethal  dose:  Casper,  Filippi,  Severi  and  Montalti,  and  v. 
Jaksch  (Nothnagel).  The  following  state  the  lethal  dose  as 
between  the  limits  of  0. 1  and  0.2  gm.  (one  and  a  half  to  three 
grains),  without  citing  any  cases  in  support  of  the  view:  Tardieu, 
van  Hasselt,  Hofmann,  Husemann,  Kobert,  Seidel  (Maschka), 
and  Lewin.  The  dose  is  similarly  stated  by  Briand,  Chaude 
and  Bonis  as  0 .  05-0 . 1  gm.  (three-fourths  to  one  and  a  half 
grains),  and  by  Wharton  and  Still6  as  0.012-1.15  gm.  (one- 
fifth  to  twenty-two  grains).  The  following  refer  to  the  cases 
above  cited,  but  to  no  others  in  this  connection:  Wormley, 
Taylor,  Blyth,.  Falck,  Naunyn  (Ziemssen);  Hills  (Wood's 
"Handbook"),  Rabuteau,  Lutaud,  Guy  and  Ferrier,  and  Le 
Grand  du  Saule,  Berryer  and  Pouchet. 

A  careful  search  through  the  medical  and  pharmaceutical 
periodical  Hterature  has  failed  to  bring  to  light  any  record  of 
the  clearly  established  death  of  an  adult  from  a  single  dose  of  less 
than  2  gm.  (thirty  grains)  of  arsenic  in  the  solid  form.  This 
quantity  of  commercial  white  arsenic  taken  with  suicidal  intent 
in  water,  by  a  female  of  twenty-seven  years,  caused  her  death  in 
tw0nty-six  hours  after  the  manifestation  of  the  characteristic 
symptoms.^  Another  case  is  reported*  in  which  the  dose  taken 
was  about  the  same,  although  the  symptoms  did  not  so  closely 
correspond  to  those  of  a  typical  case  of  arsenical  poisoning,  and 
the  poison  was,  in  part  at  least,  in  solution.  It  is  the  case  of 
a  man  of  fifty-one  years  who  died  in  one  hour*  after  taking  by 
mistake  a  preparation  for  softening  the  hands  supposed  to  be 

'  "Corp.  Jur.  Med.-leg.,"  Francof.,  ^  The  rapid  action  might  be  ex- 

1722,  132.  plained  by  the  greater  solubility  of 

2  "For.  Med.,"  140.  arsenic    in    glycerol,    one    hundred 

'S.  M.  Ward:  Therap.  Gaz.,  De-  parts  of  which   (Wurtz:   "Diet,  de 

troit,  1885,  3  s.,  i.,  519.  Chim.,"    i.,    1592)    dissolve    twenty 

"  D.  W.  Finlay:  Lancet,  1883,  ii.,  parts  As^Oj. 
943. 
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chiefly  glycerol.  The  quantity  of  arsenic  taken  was  estimated 
from  knowledge  of  what  had  been  in  the  bottle  and  of  what  re- 
mained, and  from  an  analysis  of  the  latter  as  "  upward  of  twenty- 
six  grains  (1.7  gm.)  of  arsenious  oxid."^ 


'  Professor  Holland  (Peterson  and 
Haines :  Text-book  of  Leg.  Med.  and 
Tox.,  1904,  ii.,  410)  considers  that 
we  have  been  "very  rigid"  in  our 
consideration  in  this  matter.  True, 
and  we  believe  that  rigidity  is  es- 
sential in  statements  of  fact.  The 
question  may  be  considered  from 
two  points  of  view,  and  the  answer 
will  differ  materially  in  precision  and 
value  according  to  which  of  the  two 
is  taken.  If  the  answer  be  in  the 
form:  "Three  grains  of  white  arsenic 
is  the  minimum  known  lethal  dose 
of  that  poison  for  man,"  such  answer 
is  a  statement  of  observed  fact,  not 
of  opinion,  and  can  only  be  justified 
by  the  citation  of  a  case  in  which 
that  quantity  has  been  "  clearly 
established"  to  have  been  the 
cause  of  the  death  of  a  human  being. 
It  is  not  necessary  to  "ignore  those 
estimates  of  dosage  not  based  on 
exact  weight,  insist  upon  absolute 
health  of  the  subject  at  the  time  of 
administration,  and  eliminate  cases 
which  show  in  the  autopsy  any  other 
lesion  than  those  typical  of  arsenic ;" 
but  it  is  also  not  permissible  to  con- 
sider cases,  such  as  those  of  Castle, 
Letheby,  and  Page,  cited  in  the  text, 
in  which  the  statement  of  the  dose 
taken  is  a  mere  guess,  or  in  which 
the  clinical  history  or  post-mortem 
appearances  are  more  consistent 
with  some  other  cause  of  death  than 
arsenic.  An  answer  to  the  question 
in  this  form  which  will  coincide  more 
nearly  with  the  opinion  generally 
expressed  by  toxioologists  is  not  in- 
herently impossible.  It  can  be  given 
with  regard  to  strychnin  (see  p.  1029) , 
but  in  the  case  of  arsenic  an  observa- 
tion upon  which  to  base  it  is  appar- 
ently still  lacking.  The  other  form 
which  the  answer  may  assume  might 
well  be  in  the  words  of  Holland: 
"Three  grains  of  absorbed  arsenic 
would  probably  prove  fatal  to  an 
average  man,"  which  is,  however,  not 
a  statement  of  "established  fact," 
as  he  implies,  but  an  expression  of 


opinion.  Such  opinions  depend  for 
their  respectability  upon  their  foun- 
dation as  well  as  upon  their  origin. 
Of  the  authors  cited  by  Holland: 
Kobert  (Lehrb.  d.  Intox.,  2te  Aufl., 
1906,  ii.,  151),  without  citation,  says 
simply:  "Von  Arsenik  kann  schon 
0.1-0.3  g.  (1..5-4.6  grains)  todUch 
wirken."  Blyth  (Poisons,  3d  ed., 
1895,  535)  and  Guy  and  Ferrier 
("Princ.  of  For.  Med.,"  6th  ed.,  1888, 
413)  base  their  opinions  upon  the 
Letheby  case.  Husemann  (Handb. 
der  Tox.,  1862,  819)  expresses  no 
opinion  of  his  own,  but  quotes: 
"  Christison  gibt  als  kleinste  Dosis 
letalis  des  gepulverton  AS2O3  30 
Gran,  der  Arsenlosung  2-4  Gran  an." 
The  quotation  will  be  found  in 
"Treat,  on  Poisons,"  3d  ed.,  1836, 
275,  where  Christison  also  quotes 
Hahnemann's  opinion,  and  com- 
ments that  it  "cannot  be  very  wide 
of  the  truth,"  Falk  (Lehrb  d.  prak. 
tox.,  1880,  93)  also  makes  no  state- 
ment of  his  own  but  quotes  Christi- 
son and  Taylor,  and  cases  cited  by 
the  latter.  Tardieu  (Etude  m^d. 
l^g.  sur  I'Emp.,  2eme  ed.,  1875,  353) 
cites  no  case,  but  quotes  Lachese, 
Taylor,  Christison,  and  Munro,  and 
concludes  with  the  opinion  that 
"  10-15  centigrammes  (0.5  to  3.3 
grains)  peuvent  dans  certains  cas, 
peu  frequents  il  est  vrai,  sufEre  a 
donner  la  mort."  None  of  these 
authors,  however,  bases  his  opinion, 
in  any  degree,  upon  animal  experi- 
ments. Tardieu  {loc.  cit.,  127)  and 
Kobert  (loc.  cit.,  i.,  120)  expressly 
caution  against  such  deductions  as 
misleading.  Moreover,  the  experi- 
ments of  later  observers  with  arsenic 
administered  to  dogs  by  the  mouth 
do  not  agree  with  those  of  Rouyer 
and  Feltz  (see  pp.  443,  521). 

Our  own  opinion,  clearly  differen- 
tiated from  our  statements  of  fact, 
and  based  principally  upon  the 
occurrence  of  severe,  non-fatal  pois- 
onings from  doses  of  from  one  to 
twenty  grains  (see  p.  442),  is  that 
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It  is  true  that  other  cases  of  alleged  arsenical  poisoning  are 
on  record  in  which  the  dose  taken  is  said  to  have  been  much 
smaller,  but  in  them  either  the  dose  is  not  fixed  with  sufficient 
accuracy,  or  the  death  is  improperly  ascribed  to  arsenic.  The 
cases  of  this  character  which  we  have  found  are  the  following: 

Page'  relates  the  case  of  a  child  of  three  and  a  half  years  who  took 
eight  grains  (0.52  gm.)  of  arsenic  on  bread,  which  had  been  prepared 
for  rats.  Copious  vomiting  was  induced  by  an  emetic  and  in  twenty 
minutes  "the  stomach  appeared  to  be  free  from  the  drug."  For  three 
days  the  child  was  as  well  as  usual,  but  on  the  fourth  day  manifested 
interference  of  respiration  and  quick  pulse,  but  had  no  sickness,  purg- 
ing, or  pain,  and  died  on  the  following  morning.  At  the  autopsy,  ten 
hours  after  death,  there  were  few  traces  of  inflammation  found  in  the 
stomach,  and  the  lungs  and  pleurse  were  healthy.  The  pericardium 
was  filled  with  pale,  straw-colored,  transparent  fluid.  A  lump  of  semi- 
transparent,  organized,  coagulable  lymph  was  found  in  the  vena  cava 
close  to  the  auricle,  and  much  more  in  its  cavity.  In  the  ventricles 
strings  of  the  same  substance  were  interwoven  with  the  column® 
carneae,  extending  into  the  aorta  and  nearly  filling  the  auriculo-ven- 
tricular  opening.  The  walls  of  the  heart  were  pale,  flabby,  and  soft. 
And  yet  this  report  is  headed:     "Poisoning  by  Arsenic"! 

In  the  case  of  Hiram  C<5le,^  charged  with  murdering  his  wife  by 
the  administration  of  from  three  to  eight  grains  (0.2  to  0.5  gm.)  of  ar- 
senic and  one  and  a  half  ounces  (45  c.c.)  of  laudanum,  the  symptoms 
were  distinctly  those  of  strychnin.  Professor  Cassel,  who  made  the 
analysis,  found  arsenic  in  small  quantity  in  the  liver,  "but  not  more 
than  I  (he)  should  ex])ect  from  previously  taking  arsenical  preparations 
in  medicinal  doses,"  and  further  testified  that  he:  "Thought  that 
I  (he)  detected  slight  traces  of  strychnin,  but  nothing  upon  which  I  (he) 
could  rely.  Wish  to  be  understood  as  saying  that  I  (he)  found  none. 
Found  no  poison  in  the  stomach."  It  is  highly  probable  that  this  was 
a  case  of  strychnin  poisoning  in  which  the  detection  in  the  stomach 
failed  because  of  insufficient  purification  of  the  residue  tested. 

In  this  connection  it  should  be  noted  that  the  dose  taken 
is  mentioned  in  a  small  proportion  only  of  the  cases  reported, 
and  that  it  is  most  exceptional  that  the  dose  is  accurately  known 
in  homicidal  cases. ^ 

the  minimum  lethal  dose  for  man  is  '  Lancet,  1837,  ii.,  626. 

probably  much  below  30  grains,  and  ^  Mixer:    Ohio    M.    and   S.    Jour., 

possibly  may  be  as  low  as  "three  1858-59,  xi.,  273. 

grains   of  absorbed  arsenic."     But  ^  Only  in  nine  oases  of  which  we 

we  know  not.  have  knowledge. 
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There  are  also  numerous  instances  upon  record,  in  which  very- 
severe  poisoning  has  been  caused  in  adults  by  doses  as  small  as 
0.065  gm.  (one  grain),  and  in  children  by  even  less  quantities. 
And  it  may  be  conceded  that  in  some  of  these  cases  death  might 
have  resulted  had  not  the  patients  received  suitable  treatment. ' 

On  the  other  hand,  numerous  instances  of  recovery  after 
taking  large  quantities  of  white  arsenic  (15  gm.  =  half  ounce 
and  over)  have  been  reported,  among  which  are  several  in  which 
the  amount  has  been  from  30  gm.  (one  ounce)  to  60  gm.  (two 
ounces).^  In  these  cases,  however,  the  poison  has  either  been 
taken  in  lumps,^  or  early  and  copious  vomiting  has  removed  it 
before  time  for  solution  and  absorption  has  elapsed.  The  in- 
fluence of  milk  and  other  articles  of  food  containing  fat  in  im- 
peding solution  has  already  been  noted. 

In  a  few  cases,  notable  quantities  of  white  arsenic  have  re- 
mained in  the  stomach  under  circumstances  apparently  favoring 
absorption,  without  causing  death: 


'  Christison:  Edinb.  M.  and  S. 
Jour.,  1830,  xxxiii.,  67:  Six  per- 
sons poisoned  by  0.065  (one  grain) 
each  m  champagne.  Murray:  Lan- 
cet, London,  1838,  i.,  54:  Male, 
twenty-two,  severe  poisoning  by  1 
gm.  (fifteen  grains)  white  arsenic." 
Recovery  in  five  days.  Burne: 
Lancet,  London,  1839,  i.,  416:  Fe- 
male, adult,  "in  imminent  danger 
from  debility  and  exhaustion." 
Had  taken  0.013  gm.  (/j  grain) 
AsjOj  in  four  pills  in  three  days. 
Taylor:  Guy's  Hosp.  Rept.,  1841, 
iv.,  29:  Male,  forty,  female,  fifty- 
two,  severely  poisoned  by  about 
0 .  13  (two  grains),  and  child,  sixteen 
months,  by  0.022  gm.  (one-third 
grain)  taken  in  port  wine.  Bissel: 
Am.  J.  M.  Sc,  1848,  n.  s.,  xvi.,  121: 
Male,  twenty-seven.  Suicide,  se- 
verely poisoned  by  1 .3  gm.  (twenty 
grains).  Caner:  M.  and  S.  Reptr., 
Phila.,  1878,  xxxviii.,  359:  Female, 
twenty-four.  Suicide,  severe  poi- 
soning from  0.65-1.0  gm.  (ten  to 
fifteen  grains)  of  "arsenic."  "A 
North  Carolina  Physician":  N.  C. 
M.  Jour.,  1879,  iii.,  6S:  Male,  adult. 
Symptoms  of  poisoning,  including 
violent  abdominal  pain,  from  three 
doses  of  ten  drops  each  of  Fowler's 
solution  (=0.02   gm.  =  three- tenths 


grain  AsjOj).  Powell:  Westm. 
Hosp.  Rept.,  1889,  v.,  215:  Male, 
forty.  Took  three  tablespoonfuls  of 
Fowler's  solution  (nearly  0.4  gm.= 
6  gm'.  AS2O3)  with  suicidal  intent. 
Caused  immediate  vomiting  and 
very  severe  poisoning,  from  which 
he  recovered  in  fourteen  days.  Ar- 
senic was  detected  in  the  urine  of 
the  fifth  day,  but  not  in  that  of  the 
sixth.  Philips:  Lancet,  1903,  ii., 
97:  Weak  and  anaemic  woman. 
Very  severe  poisoning  from  ^  grain 
of  sodium  arsenite  taken  in  three 
doses  with  several  hours'  interval. 

2  Cornish:  Lancet,  1849,  i.,  35 
(two  cases).  Rademaker:  Richm. 
and  Louisv.  M.  Jour.,  1S73,  xv., 
383:  About  one  ounce  (31  gm.). 
Walsh:  Annalist,  X.  Y.,  1849,  iii., 
136:  600  grains  (39  gm.).  Bar- 
num:  N.  Y.  Med.  Reposit.,  1802, 
v.,  43:  Two  ounces  less  a  table- 
spoonful  (about  40  gm.).  Underbill: 
Lancet,  1S44,  ii.,  282:  Two  table- 
spoonfuls  (about  47  gm.).  Jahresb. 
f.  Staatsarznk.,  1809.  ii.,  ISl. 
Bryant:  Lancet,  18.52,  ii.,  299: 
Jackson:  Am.  J.  M.  Sc.  1S5S,  n.  s., 
xxxvi.,  77:  two  ounces  (62  gm.). 

'As  in  a  case  cited  by  H.  C. 
Wood:  "Mat.  Med.  and  Tox.,"  1874, 
320. 
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Kelso'  reports  the  case  of  a  girl  of  eight  years  who  took  almost  half 
an  ounce  (15.5  gm.)  of  powdered  white  arsenic,  mixed  with  oatmeal. 
In  one  and  a  half  hours  she  was  listless;  the  pulse  was  weak,  flutter- 
ing, and  unequal;  the  respiration  was  slow  and  imperfect;  there  were 
heat  and  pain  in  the  throat  and  stomach,  and  nausea.  Chalk,  mag- 
nesia, and  ferric  hydrate  were  administered,  and  the  patient  recovered. 
The  history  details  the  other  symptoms  of  arsenical  poisoning,  but  does 
not  refer  to  vomiting. 

In  Jackson's  case,  cited  above,  a  man  of  twenty-eight  years  took 
not  less  than  two  ounces  (62  gm.)  of  white  arsenic  on  an  empty  stom- 
ach. The  greater  part  of  it  remained  in  the  stomach  for  six  hours. 
Zinc  sulfate  and  ferric  hydrate  were  administered,  and  the  patient 
recovered. 

Owing  to  the  variations  in  the  rapidity  and  perfection  of 
the  absorption  of  arsenic  under  varying  conditions,  and  the 
differences  in  the  time  during  which  in  different  cases  the  process 
is  allowed  by  circumstances  to  continue,  it  is  probable  that  it  will 
remain  impossible  to  foretell  the  effects  of  any  given  quantity  of 
arsenic  when  taken  into  the  stomach.  But  it  seems  possible 
that  at  some  future  time  the  question  concerning  lethal  dose  may, 
in  a  somewhat  modified  form,  become  more  definitely  answerable. 
What  is  the  smallest  quantity  of  absorbed  arsenic  capable  of 
destroying  life? 

An  indication  toward  an  answer  to  this  question  was  at- 
tempted by  experiments  upon  dogs  by  Rouyer  and  Feltz,^  who 
found  that  the  absorption  of  0.0006  gm.  per  kilogram  of  body 
weight  (0.042  grain  per  pound)  was  capable  of  causing  symp- 
toms of  poisoning;  that  0.0025  gm.  per  kilogram  (0.018  grain 
per  pound)  caused  severe  poisoning  and  sometimes  death  in 
twenty-four  hours;  and  that  0.003  gm.  per  kilogram  (0.021  grain 
per  pound)  always  caused  death  in  eight  hours.  These  results 
would  place  the  lethal  dose  for  a  man  of  one  hundred  and  fifty 
pounds  at  2.7-3.15  grains  (0.17-0.20  gm.  per  kilogram)  of  ab- 
sorbed arsenic.  Such  calculations,  however,  based  upon  ex- 
periments upon  animals,  are  to  be  considered  merely  as  indica- 
tions, and  are  by  no  means  to  be  relied  upon. 

The  determination  of  the  minimum  lethal  dose  of  absorbed 
arsenic-  may  ultimately  be  reached  by  a  comparison  of  two 

>  Lancet,  1844,  ii.,  154.  ^  Paris    m6d.,    187.5-76,    i.,    962, 

from  Gaz.  d.  hop. 
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series  of  quantitative  determinations:  (1)  The  total  quantity  of 
arsenic  eliminated  in  non-fatal  cases;  and  (2)  the  sum  of  the 
quantity  ehminated  during  life  and  that  remaining  in  the  body 
in  fatal  cases. 

It  is  possible,  by  careful  but  most  elaborate  analyses,  to  de- 
termine with  approximate  accuracy  the  quantity  of  absorbed 
arsenic  remaining  in  the  body  after  death.  Such  determinations 
have,  so  far  as  we  know,  been  made  in  two  instances  only: 

Johnson  and  Chittenden'  estimated  the  total  arsenic  trioxid 
in  the  body  of  a  woman  (in  a  case  of  homicide)  as  5.2261  grains 
in  the  entire  body,  of  which  the  stomach,  spleen,  intestines,  and 
uterus  contained  1 .  2255  grains,  leaving  a  trifle  over  four  grains 
(0.26  gm.)  of  absorbed  arsenic.  In  another  homicidal  case  Chit- 
tenden^ estimated  the  total  amount  of  arsenic  trioxid  in  the 
cadaver  of  a  woman  as  3. 1192  grains,  of  which  0.472  grain  was 
in  the  stomach  and  intestines,  leaving  2.6472  grains  (0. 1721  gm.) 
in  the  remainder  of  the  body.  In  the  case  last  referred  to, 
however,  the  body  was  found  floating  in  shallow  water,  and 
there  were  some  grounds  for  the  belief  that  the  deceased  had 
been  addicted  to  the  use  of  arsenic  during  life,  hence  it  cannot 
be  considered  as  certain  that  arsenic  was  the  sole  cause  of  death. 

The  amounts  mentioned  above  do  not  indicate  the  largest 
quantities  which  may  be  absorbed.  In  Johnson  and  Chit- 
tenden's case,  which  is  the  maximum  of  the  cases  cited  on  pp. 
531,  540,  the  proportions  in  mgm.  AsjOj  in  1000  gm.  were  81.1 
for  the  liver  and  82.5  for  the  kidneys.  Blarez  and  Deniges^ 
have,  however,  reported  three  analyses  in  which  the  proportions 
were  217,  .'358,  330  for  the  livers,  and  310,  160,  365  for  the  kidneys. 
Assuming  the  liver  to  weigh  1400  gm.  and  the  two  kidneys  250 
gm.,  the  absolute  amount  in  those  organs  alone  in  the  last  of 
these  cases  would  be  552  mgm.,  or  8.5  grains.  Robert*  has  also 
reported  an  analysis  in  which  251  mgm.  or  3. 87  grains  were 
obtained  from  the  tissues  of  the  stomach  alone  (no  contents); 
unfortunately  the  quantities  in  the  other  organs  were  not 
determined. 

The  determination  of  the  total  amount  eliminated,  while  ap- 
parently a  much  simpler  problem,  is  only  possible  under  excep- 

'  Am.  Ch.  Jour.,  1880-81,  ii.,  332.  'C.  r.  Soc,  de  bioL,   1905,  Iviii., 

=  Am.  Ch.  Jour.,  1883-84,  v.,  8,  279. 

'  Aerztl,  Sachverst.  Ztg.,  1903,  i.x., 
369. 
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tional  circumstances.  Arsenic  is  eliminated,  not  by  the  kidneys 
alone,  but  by  the  liver  and  alimentary  canal  as  well.  Bingley' 
reports  the  analysis  of  the  cadaver  of  a  woman  who  died  in  about 
six  hours,  in  which  1.13  grains  (0.0735  gm.)  of  arsenic  trioxid 
were  found  in  the  gall-bladder  and  bile.  Consequently,  when 
the  poison  is  taken  by  the  mouth,  the  arsenic  eliminated  by  the 
liver  and  other  glands  discharging  into  the  alimentary  canal 
becomes  mixed  with  that  which  has  remained  unabsorbed  in  the 
intestines  and  cannot  be  estimated.  The  only  cases  therefore 
available  for  the  determination  of  the  quantity  eliminated  are 
either  those  in  which  the  administration  is  by  a  channel  other 
than  the  alimentary  canal,  or  those  in  which  purging  does  not 
occur,  in  which  death  occurs  early,  and  in  which  the  gall-bladder 
is  found  filled  with  bile.  Both  of  these  classes  of  cases  are  of 
rare  occurrence  and,  so  far  as  we  know,  have  not  been  examined 
with  a  view  to  determining  this  question. 

Two  or  more  persons  may  take  equal  quantities  of  arsenic 
with  unlike  results.  Thus  in  the  case  of  a  suicide  pact  between 
husband  and  wife,  reported  by  Kelynack^  the  doses  were  equal. 
The  woman  recovered,  but  the  man  died  in  about  24  hours. 

The  question  of  the  amount  of  the  lethal  dose  loses  much  of 
its  apparent  importance  when  we  consider  that  the  conditions 
under  which  analyses  are  made  in  alleged  homicidal  cases  are 
only  most  exceptionally  such  that  the  amount  taken  can  be  de- 
termined, even  by  the  most  elaborate  analysis  of  sampled  por- 
tions of  all  the  organs  and  tissues  of  the  body,  of  all  the  excreta, 
and  of  all  the  vomited  matter.  If  d,ny  portion  of  these  ma- 
terials be  lost  the  quantity  of  arsenic  found  in  the  remainder  is 
only  a  portion  of  that  taken  and,  a  fortiori,  the  amount  found 
in  the  stomach  alone  is  but  an  undetermined  fraction  of  the 
quantity  taken.  Indeed,  it  is  quite  possible  that  a  person  may 
be  killed  by  arsenic  and  no  determinable  quantity  remain  in  the 
body  after  death.     (See  p.  556.) 

Duration. 

Interval  Before  Appearance  of  Symptoms. — The  duration 
of  this  interval  may  be  of  importance  in  cases  of  alleged  homi- 
cide, not  only  in  connection  with  the  taking  of  food  or  medicine 

1  Lancet,  1864,  i.,  697,  732.  =  Edinb.  M.  J.,  189S,  N.  S.,  iv.,  353.' 
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by  the  victim,  and  the  preparation  or  administration  of  these  by 
another,  but  also,  taken  in  connection  with  other  circumstances, 
to  differentiate  between  suicide  and  homicide.  Thus  in  a  case 
in  which  the  circumstances  indicated  the  possibility  of  either 
suicide  or  homicide,  an  interval  of  half  an  hour  preceded  the 
appearance  of  symptoms,  during  which  administration  by  the 
person  under  suspicion  was  impossible,  and  if  that  interval 
suffices  for  the  commission  of  suicide  the  theory  of  homicide  was 
greatly  weakened.  * 

The  first  manifestations  of  the  symptoms  of  arsenical  poison- 
ing usually  appear  in  from  half  an  hour  to  an  hour  after  the  poison 
has  been  swallowed. 

This  interval  has  exceptionally  been  of  less  duration.  In- 
deed, several  cases  have  been  reported  in  which  the  action  has 
been  described  as  being  "immediate." 

In  one  case,  reported  by  Dr.  Iliff,^  a  woman  took  a  glassful 
of  a  saturated  solution,  fell  directly  and  died  instantly,  without 
a  struggle.  As  this  is  the  only  case  of  which  we  find  mention 
in  which  death  has  been  said  to  follow  in  so  short  a  time,  as  it 
was  a  suicide,  and  as  the  report  contains  no  account  of  attend- 
ant circumstances,  post-mortem  or  analysis,  we  believe  rather 
that  death  was  due  to  some  other  cause  than  that  arsenic  should 
produce  results  so  much  at  variance  with  other  observations. 

Taylor^  reports  the  case  of  a  woman  of  twenty-two  years, 
who  was  immediately  attacked  with  violent  pain,  etc.,  on  tak- 
ing two  drachms  (7.78  gm.)  of  powdered  arsenic  in  warm  water 
on  an  empty  stomach.  This  was  a  suicide.  In  considering  such 
cases  in  this  connection  it  must  be  remembered  that  previous 
doses  may  have  been  taken,  and  that,  in  the  absence  of  proof  to 
the  contrary  in  the  report,  the  time  may  have  been  fixed  by 
the  statements  of  the  patient,  which  for  our  present  purpose  are 
liable  to  be  misleading.  In  homicidal  cases,  also,  the  possibility 
of  previous  and  unknown  administrations  must  be  held  in  view. 
It  is  only  in  cases  of  accidental  poisoning  in  which  the  time  of 
taking  the  poison  is  definitely  known  and  in  which  previous 
doses  are  clearly  out  of  the  question  that  we  find  reliable  data  as 
to  time. 

'  Gradwohl:  St.  Louis  Med.  Rev.,  '  Guy's  Hosp.  Rep.,  1851-52,  2  s., 

1003,  xlvii.,  179.  vii     203  ^        ^' 

2  Lancet,  1845,  ii.,  432. 
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Shaw'  relates  the  poisoning  of  a  family  of  seven  persons  by  an 
ounce  or  more  of  arsenic  baked  in  a  meat  pudding.  A  girl  of  five 
years  was  attacked  immediately,  and  died  in  about  six  hours.  The 
symptoms  in  the  others  appeared  "  in  a  short  time." 

Shepard^  reports  the  case  of  a  man,  a  suicide,  who  took  about  an 
ounce  (31  gm.)  of  arsenic  in  beer,  and  vomited  immediately. 

Taylor-'  states  that  "in  the  case  of  Lofthouse,  tried  at  the  York 
Lent  Assizes  in  1835,  the  symptoms  were  proved  to  have  attacked  the 
deceased  while  he  was  in  the  act  of  eating  a  cake  in  which  the  poison 
was  administered. 

In  the  case  of  State  v.  Sager,  cited  by  Elwell,''  tried  in  Maine  in 
1834,  great  distress  was  experienced  immediately  after  taking  the 
poison,  which  had  been  added  to  wine  in  which  an  egg  had  been  stirred. 
(See  also  Horsford's  case  below.) 

When  the  interval  is  short  the  poisoning  is  usually  severe  in 
character,  and  its  duration  short  if  it  terminate  fatally.  Thus 
of  ten  fatal  cases  in  which  the  interval  preceding  the  manifesta- 
tion of  symptoms  was  less  than  twenty  minutes  the  patients  ex- 
pired in  the  following  times:  immediately,  3,  6,  6^,  8,  8,  8^,  9, 
18,  and  24  hours.  In  the  case  of  longest  duration  (Shepard's 
case,  see  above),  there  were  remissions,  and  the  final  attack  was 
rapidly  fatal.  The  poison  was  taken  in  the  afternoon  and  pro- 
duced vomiting,  which  lasted  during  the  night,  with  little  or  no 
pain.  The  next  morning  he  went  into  the  street  and  in  about  an 
hour  was  seized  with  terrible  spasmodic  pain  in  the  epigastrium, 
after  which  the  pain  ceased  and  he  slept  lightly  occasionally. 
In  three  hours  he  was  again  seized  with  violent  epigastric  pain, 
terrible  vomiting  and  purging,  finally  became  delirious  and  died 
in  convulsions. 

Recovery  is  in  some  instances  slow,  the  acute  attack  leaving 
the  patient  greatly  exhausted  and  being  succeeded  by  chills, 
cramps  in  the  abdomen  and  legs,  pain  in  the  back  and  trembling, 
.  which  persist  for  several  days.'  In  other  cases,  however,  re- 
covery progresses  rapidly." 

The  rapid  appearance  of  symptoms  does  not  seem  to  depend 
upon  the  form  in  which  the  poison  is  taken.     Thus  in  one  of 

'  Lancet,  1879,  i.,  699.  =  Hemenway:    M.    News,    Phila., 

'  Tr.    S.    Car.    M.    Assoc,    1880,  1883,  xliii.,  456. 

XXX.,  21.                            .  6  Taylor:  Guy's  Hosp.  Rep.,  1851- 

^  "Poisons,"  3d  Am.  ed.,  288.  52,  2  s.,  vii.,  203  (two  cases). 

*"  Malpractice     and     Evidence," 
1860,  504. 
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the  cases  cited  above,  in  which  they  were  immediately  mani- 
fested (Ilifl's  case)  the  poison  was  in  saturated  solution,  while 
in  another  (Lofthouse)  it  was  baked  in  a  cake.  Moreover,  in 
several  instances  in  which  the  same  poisoned  food  has  been 
eaten  by  several  persons  the  symptoms  appeared  earlier  in  some 
than  in  others. 

Paterson'  relates  an  instance  in  which  arsenic  was  used  in  mistake 
for  flour  and  was  thus  served  in  an  oyster  soup  to  the  guests  at  a  din- 
ner party.  They  were  all  seized  with  ^ckness  and  vomiting.  One  of 
the  ladies  was  taken  before  she  had  finished  her  soup. 

An  accidental  poisoning  of  a  family  consisting  of  father,  mother, 
two  girls,  and  a  boy  was  caused  by  using  water  contaminated  with  ar- 
senic to  prepare  a  dish  of  bacon  and  greens.^  One  of  the  girls,  aged 
two  years,  was  attacked  in  a  few  minutes,  afterward  the  mother,  then 
the  other  girl,  aged  three  and  a  half  years,  and  the  boy,  and  finally  the 
father.     The  father  and  the  two  girls  died. 

A  number  of  guests  at  a  hotel  in  Winona,  111.,  were  poisoned  by 
biscuit  containing  arsenic.^  One  had  immediate  nausea,  retching,  and 
vomiting,  while  in  another  the  symptoms  appeared  only  after  several 
hours,  and  were  then  obscured  by  hysteria.  Some  took  large  doses  of 
emetics,  and  these  apparently  suffered  most.  (See  also  Shaw's  case 
above.) 

Nor  is  the  acceleration  of  symptoms  due  solely  to  the  magni- 
tude of  the  dose  taken.  Thus  in  a  case  reported  by  Goschler,* 
burning  pain  in  the  throat  and  stomach  were  experienced  by  a 
man  of  twenty-four  years  within  five  minutes  after  taking  2  gm. 
(thirty-one  grains)  of  arsenic,  dissolved  and  suspended  in 
water.  This  amount  is  much  less  than  has  been  taken  in  cases 
in  which  the  appearance  of  symptoms  has  been  delayed  beyond 
the  average  period.  In  ten  instances  of  short  interval  in  which 
the  amounts  taken  are  given,  these  have  been:  2,  3.9,  5.8,  5.8- 
8.7,  7.8,  7.8,  11.6,  15.6,  15.6,  and  31  gm. 

In  cases  such  as  Shaw's  and  that  of  Lofthouse,  cited  above, 
in  which  the  poison  is  taken  in  such  form  as  to  preclude  the 
possibiHty  of  absorption  in  so  short  a  period,  the  first  effects 
must  be  due  to  a  local  action  upon  a  stomach  pecuHarly  sensitive. 

Instances  are  also  recorded  in  which  the  interval  has  been 

>Edinb  Med.  Jour.,  l,S57,iii.,  307.  'Horsford:     Phila.     M.     and    S. 

^Prov.  M.  and  S.  Jour.,  1841,  iii.,      Reptr.,  1867,  xvi.   45 
257.  ■'AUg.    Wien.    med.    Ztg.,    1877, 

xxii.,  156. 
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prolonged  to  two  hours  or  more.'     The  longest  duration  of  the 
interval  of  which  we  can  find  record  has  been  nine  hours: 

Ryan^  reported  this  case,  which  was  that  of  a  man  of  thirty-fi^'e 
years,  who,  after  a  week's  debauch,  took  half  an  ounce  (1.5.6  gm.)  of 
"arsenious  acid"  in  porter,  adding  water  to  get  the  dregs.  The  poi- 
son was  taken  at  2  p.m.  At  11  p.m.  he  vomited,  but  did  not  get  out 
of  bed  until  7:30  the  next  morning,  when  he  vomited  and  suffered 
from  thirst,  but  did  not  complain  of  pain.  At  1  p.m.  he  was  found 
greatly  prostrated,  almost  pulseless,  and  suffering  great  pain  and  in- 
tense thirst.  The  symptoms  of  intense  gastro-intestinal  irritation  con- 
tinued for  two  days  and  twenty-two  hours,  when  he  died.  Dr.  Ryan 
observes  "the  fact  of  a  week's  tippling  so  completely  enervating,  nar- 
cotizing the  stomach  as  to  incapacitate  it  from  its  usual  healthy  action, 
and  in  its  deranged  state  allowing  the  common  effects  of  the  poison  to 
be  delayed." 

In  another  case,  reported  by  Tonnelier,'  the  interval  seems 
to  have  been  eight  hours,  although  the  facts,  depending  to  some 
extent  upon  the  statements  of  a  suicide,  are  not  so  positively 
established  as  they  might  be. 

A  girl  of  nineteen  years  confessed  to  having  taken  arsenic  during 
the  morning,  and  it  was  thought  that  she  took  it  at  eleven  o'clock  in 
soup.  No  very  serious  consequences  were  observed,  before  evening, 
although  she  several  times  changed  color  and  gave  other  signs  of  suf- 
fering and  anxiety.  She  dined  fairly  well  at  2  p.m.  At  7  p.m.  she 
vomited  with  extreme  violence.  She  was  seen  at  11  p.m.  by  Tonnelier, 
who  observed  the  symptoms  of  severe  arsenical  poisoning.  She  died 
at  5  a.m.  She  had  made  two  previous  attempts  at  suicide  by  arsenic, 
the  first  nine  months  previously.  In  the  stomach  was  found  a  cyst, 
in  which  traces  of  the  vessels  could  be  seen  and  in  the  interior 
of  which  were  thin  partitions,  forming  a  cellular  structure  contain- 

'  Cases  in  which  the  interval  has  1830,  xxxiii.,  61.     Cameron:  N.  Y. 

been  from  two  to  three  hours  will  M.  Press,   1858-59,  i.,   44.     Foster: 

be    found    reported    by    WiUiams:  Lancet,    1840-41,    ii.,    305.     Bissel: 

Lancet,  1840,  i.,  706.     McGee:  Lan-  Am.  Jour.  M.  S.,   1848,  n.  s.,  xvi., 

cet,   1849,  i.,  311.     Booth:  London  121.     Bryant:  Lancet,  1852,  ii.,  299. 

M.     Gaz.,     1634,    xiv.,    62.     Todd:  Ogston:  London  M.   Gaz.,   1851,  n. 

Taylor,  "Poisons,"  3d  Am.  ed.,  288.  s.,  xii.,  181.     Devergie:  J.  univ.  et 

Giraud:    Tr.    M.    and    Phys.    Soc,  hebd.,  etc.,   1832,  vi.,   333.     Orfila: 

Bombay,   1849,  ix.,   236.     Cotting:  "Tox.,"  5&me  ed.,  i.,  390,  392. 

Boston    M.    and    S.    Jour.,     1838,  ^  Lancet,  1851,  i.,  410. 

xviii.,     78.     Heebner:    M.    and    S.  ^  J.  d.  med.,  chir.,  et  pharm.,  etc., 

Reptr.,    1887,   Ivi.,    187.     Wimmer:  an    x.     (1802),     iv.,     15.     Flandin: 

Mag.  f.  d.  Staatsarznk.,  1846,  v.,  227.  "Tr.   d.   Poisons,"   i.,   530.     Orfila: 

Ward:    Edinb.    M.    and    S.    Jour.,  "Tox.,"  5th  ed.,  i.,  381. 
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ing  fragments  of  crystalline  arsenic  of  varying  size.  In  the  opin- 
ion of  Dupuytren,  this  cyst  dated  from  one  of  the  previous  attempts  at 
suicide. 

Two  cases  have  been  reported  in  which  the  interval  was  six 
hours,  in  both  of  which  death  occurred  within  two  hours  after 
the  first  symptoms: 

Fox'  reported  the  case  of  a  man  of  twenty-one  who  took  by  acci- 
dent a  teaspoonful  (=  3iss.  =  5.8  gm.)  of  arsenic  trioxid,  mixed  with 
flour.  In  three  hours  vomiting  was  provoked  by  an  emetic,  and  in  a 
few  minutes  he  seemed  quite  well.  In  six  hours  there  were  sudden 
diarrhoea,  and  vomiting  without  any  of  the  irritative  symptoms  of  ar- 
senic.    He  died  in  about  seven  hours. 

Virchow^  describes  the  case  of  a  man  of  forty  years  who  took  a 
tablespoonful  (=  3vi.  =  23.3  gm.)  of  arsenic  trioxid  in  fine  powder. 
Symptoms  of  arsenical  poisoning  appeared  in  six  hours,  and  he  died  in 
eight  hours. 

In  two  instances  the  interval  was  about  five  hours.  In  one 
of  these  the  same  difference  in  the  time  of  action  in  different 
persons  which  has  been  remarked  when  the  interval  is  short 
was  observed: 

Taylor*  describes  the  poisoning  of  a  boy  of  six  years  and  two  girls 
of  fifteen  and  nine  years  who  took  at  the  same  time  a  quantity  of  ar- 
senic trioxid  mixed  with  flour  and  sugar.  The  symptoms  appeared  in 
the  boy  in  two  hours,  and  in  the  girls  only  in  five  hours. 

Thomson'  relates  the  poisoning  of  a  woman  of  fifty  years  who  took 
a  quantit}^  of  fly  powder  consisting  of  chrome  yellow  and  white  arsenic, 
containing  at  least  forty  grains  (2.6  gm.)  of  the  latter,  at  3  p.m.  No 
ill  effects  were  observed  until  evening. 

The  symptoms  of  arsenical  poisoning  are  modified  and  de- 
layed when  it  is  taken  in  conjunction  with  opium,  or  by  a  per- 
son already  under  the  influence  of  opiates.  This  affords  some 
explanation  of  the  peculiarities  of  the  following  case,  reported 
by  Clegg:^ 

A  girl  of  seventeen  years,  a  confirmed  opium  eater,  took  a  teaspoon- 
ful of  white  arsenic  (  =  3iss.  =   5.S  gm.)  before  12:30  a.m.     At  4  p.m. 

'  Lancet,  1848,  ii.,  503.  ■>  Lancet,     1853,    ii.,    480;    Med. 

2  Arch.     f.     path.     Anat.,     1869,  Chir.  Rev.,  1854,  294. 
xlvii.,  524.  =  Med.  Times,  London,  1849,  xix., 

"  Guy's  Hosp.  Rept.,   1865,   3  s.,  26. 
xi.,  277. 
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she  appeared  as  if  intoxicated,  dull,  and  reeling.  There  was  neither 
distress,  vomiting,  diarrhoea,  nor  burning  in  the  throat  or  epigastrium. 
She  had  been  once  sick  after  dinner.  Vomiting  was  induced  by  an 
emetic.  At  9  p.m.  there  were  still  no  arsenical  symptoms.  At  11:30 
the  next  morning,  twenty-three  hours  after  the  arsenic  had  been  taken, 
there  was  sudden  excruciating  pain  in  the  body  and  excessive  prostra- 
tion. She  went  upstairs  to  lie  down,  and  at  12  m.  was  found  dead  at  her 
bedside.  Arsenic  was  found  in  abundance  in  the  vomited  matters,  and 
arsenic  in  substance  in  the  stomach. 

The  appearance  of  symptoms  is  also  delayed  when  arsenic  is 
taken  by  a  person  already  under  the  influence  of  alcohol.  This 
is  shown  by  Ryan's  case,  cited  above,  as  well  as  by  others: 

Ward'  relates  the  case  of  a  boy  of  seventeen  years  who,  after  a  de- 
bauch and  seventeen  hours  after  ha'^'ing  taken  food,  swallowed  three 
drachms  (11.7  gm.)  of  arsenic  in  water.  He  was  disposed  to  sleep  and 
severe  symptoms  only  appeared  in  two  and  one-half  hours. 

Another  man  of  thirty  years,  ^  while  drunk,  took  at  least  two  ounces 
(62  gm.) ,  which  acted  between  two  and  three  hours  later. 

(See  Gerard's  case  below,  and  Storer's  case,  p.  464.) 

If,  as  has  occasionally  occurred,  the  person  goes  to  sleep 
after  taking  arsenic  the  appearance  of  symptoms  is  usually 
delayed : 

Christison'  quotes  a  case  of  Macauley's  in  which  a  man  took  seven 
drachms  (27.2  gm.)  of  the  poison  at  8  p.m.,  went  to  bed  at  9:30,  and 
slept  until  11,  when  he  awoke  with  slight  pain. 

In  the  case  of  Rex  v.  Mary  Smith,*  tried  at  Edinburgh  in  1827, 
one  dose  was  administered  at  night,  the  girl  immediately  went  to  bed, 
and  no  symptoms  were  observed  until  six  o'clock  the  next  morning. 

A  man^  who  took  a  quantity  of  the  trisulfid  by  mistake  went  to 
sleep,  and  was  awakened  three  hours  later  by  violent  abdominal  pain. 

Delayed  symptoms  are  caused  rather  by  the  fact  that  the 
poison  was  taken  in  a  form  difficult  of  solution,  or  by  interfer- 
ence with  absorption,  than  by  smallness  of  dose.  In  nine  cases 
of  delayed  symptoms  in  which  the  doses  are  stated  they  were: 

1  Edinb.   M.  and  S.  Jour.,   1830,      xxvii.,      450.      Christison:      "Poi- 
xxxiii.,  61.  sons,"      Am.      ed.,     236.     Elwell: 

2  Bryant:  Lancet,  1862,  ii.,  299.  "Malpr.  and  Evid.,"  1860,  500. 

=  "Poisons,"  Am.  ed.,  235.  "Devergie:   "M6d.  l^g.,"   3d  ed., 

■•Edinb.   M.   and   S.   Jour.,    1827        iii.,  519. 
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1.3,  2.6,  5.8,  11.7,  15.6,  15.6,  27.2,  62  and  62  gm.  (two  grains 
to  two  ounces). 

When  the  interval  is  long  the  poisoning  has  been  in  most 
instances  severe  and  rapidly  fatal.  Of  twenty-nine  cases  in 
which  symptoms  were  late  in  appearing  twenty-one  terminated 
in  death,  and  of  these  thirteen  in  less  than  twenty-four  hours. 

The  following  are  instances  of  delayed  action  with  rapidly 
fatal  termination: 

A  man'  who  drank  a  pint  of  brandy  daily  was  observed  to  take  ar- 
senic. He  continued  perfectly  tranquil  for  nearly  five  hours,  when  he 
vomited  a  little;  coldness  of  the  extremities  and  spasmodic  flexion  of 
the  legs  soon  followed,  and  in  a  few  minutes  more  he  died. 

A  man^  took  a  teaspoonful  of  arsenious  acid  mixed  with  flour. 
An  emetic  was  administered,  and  acted  in  three  hours.  He  seemed 
quite  well  until,  six  hours  after  taking  the  poison,  he  was  suddenly  at- 
tacked with  diarrhoea  and  vomiting,  and  died  in  about  seven  hours. 

A  man  of  forty-five  years'  took  about  12  gm.  (three  drachms)  of  pow- 
dered white  arsenic  in  water  at  8  a.m.  He  went  about  bidding  adieu 
to  his  friends,  returned  at  about  10  a.m.  and  consented  to  take  an 
emetic.  At  1  p.m.,  not  having  previously  experienced  any  suffering, 
he  complained  of  a  sense  of  constriction  in  the  stomach,  burning  heat, 
thirst,  etc.,  and  died  at  5  p.m. 

A  woman^  took  half  an  ounce  (15.6  gm.)  of  arsenic.  In  one  hour 
vomiting  was  provoked  by  an  emetic.  One  hour  later  she  was  taken 
with  symptoms  of  collapse,  and  died  in  six  and  one-half  hours  after 
having  taken  the  poison. 

On  the  other  hand,  in  eight  cases  of  long  interval  life  has  been 
prolonged  for  from  forty-one  hours  to  twenty-four  days.^ 

Period  Until  Death. — The  usual  duration  of  a  fatal  case  of 
acute  arsenical  poisoning  is  about  twenty-nine  hours. 

»  GiSrard:  Rev.  m6d.,  Paris,  1S22,  hours.     Ryan:     London     M.     Gaz., 

vii.,  105.  1851,  n.  s.,  xii.,  722,   seventy  hours. 

^  Fox:  Lancet,  1848,  iii.,  50.3.  Williams:     Lancet,     1840,     i.,    706, 

=  Missa:  Arch.  g^n.  de  m6d.,  1S25,  fourth    day.     Ogston:    London    M. 

yii.,    14.     Orfila:    "Tox.,"    5th   ed.,  Gaz.,     1851,     n.    s.,    xii.,    iSl,    one 

>-,  390.  hundred  and  seventeen  and  a  half 

*  Booth:  London  Med.  Gaz.,  1834,  hours.  Devergie:  J.  un.  et  hebd. 
xiv.,  62.  d.  m^d.,   etc.,    1832,   vi.,  333,  three 

*  Ward:  Edmb.  M.  and  S.  J,,  cases:  four,  thirteen,  and  twenty- 
1830,  xxxm.,  61,  forty-one  hours.  nine  days.  London  M.  Times,  1842- 
Giraud:    Tr.    M.    and    Phys.    Soc,  43,  viii.,  288,  six  days. 

Bombay,    1849,  ix.,  236,   forty-one 


ACUTE  ARSENICAL    POISONING — DURATION.  453 

Leaving  out  of  consideration  three  doubtful  cases/  the  short- 
est duration  which  has  been  observed  is  one  hour,  in  a  case  in 
which  the  poison  was  taken  in  a  most  exceptional  form,  greatly 
favoring  solution  and  absorption. 

Finlay'  reports  this  case,  which  is  that  of  a  man  of  fifty-one  years 
who  took  twenty-six  grains  (1.7  gm.)  of  white  arsenic  in  glycerol. 
.  He  was  almost  immediately  seized  with  a  feeling  of  faintness  and  with 
collapse;  there  was  slight  pain  in  the  epigastrium.  In  half  an  hour 
the  skin  was  cold;  the  face  covered  with  clammy  sweat;  the  pulse 
slow  and  very  feeble;  the  respiration  shallow;  the  pupils  somewhat 
dilated,  acting  to  light.  There  were  appearances  of  collapse,  head- 
ache, epigastric  pain,  and  a  sense  of  constriction  across  the  chest.  He 
was  quite  conscious,  speedily  became  pulseless,  sank  rapidly,  and  died 
in  one  hour.  The  post-mortem  showed  the  lungs  to  be  emphysema- 
tous and  engorged.  The  right  heart  contained  fluid  blood  and  clots, 
the  left  was  contracted  and  nearly  empty.  There  were  many  ecchy- 
moses  in  the  endocardium  of  the  left  ventricle.  The  mucous  membrane 
of  the  stomach  was  intensely  congested,  and  showed  a  few  small  ecchy- 
moses,  but  no  erosions.  Arsenic  in  large  quantity  was  found  in  the  tis- 
sue and  contents  of  the  stomach. 

The  shortest  duration  which  has  been  observed  under  usual 
conditions  is  two  hours,  and  of  this  several  instances  are 
recorded: 

Foster^  relates  the  circumstance  of  a  woman  aged  thirty-seven 
years,  who  poisoned  herself  and  her  two-and-a-half-year-old  child 
with  arsenic  mixed  with  the  yolk  of  egg.  Both  died;  the  woman  in 
three  and  one-half  hours,  the  child  in  two  hours. 

An  army  oificer*  took  a  large  quantity  of  coarsely  powdered  ar- 
senic, refused  all  treatment,  and  died  in  two  hours. 

A  woman*  took  a  large  dose  of  arsenic  and  died  within  two  hours. 
Upward  of  an  ounce  (31  gm.)  of  arsenic  trioxid  was  found  in  the  stomach. 

An  individual"  died  with  narcotic  symptoms  only  within  two  hours 
after  having  taken  nearly  a  quarter  of  a  pound  (227  gm.)  of  arsenic. 

A  woman'  of  twenty-seven  years  died  in  collapse  two  and  a  half 

'  Iliff's  case  quoted  above:  "im-  'Lancet,  1840-41,  ii.,  305.     . 

mediate."    Thompson's  case,  quote.,  *Dieberg:     Friedr.     BI.     f.     ger. 

by  Taylor:  "Poisons,"  3d  Am.  edd  Med.,  1866,  xvii.,  53. 

303,     twenty     minutes.     Case     of  ^Clegg:   cited   by   Taylor:    "Poi- 

Clara  Ann  Smith:  London  M.  and  S.  sons,"  3d  Am.  ed.,  297,  303. 

Jour.,  1834-35,  760,  and  London  M.  »  Maoauley:  Christison,    "Poi- 

Gaz.,  1835,  xv.,  519,  one  hour.  sons,"  Am.  ed.,  243. 

^  Lancet,  1883,  ii.,  943.     See  also  'Taylor:     Guy's    Hosp.     Repts., 

p.  439.  1850-51,  2  s.,  vii.,  183. 
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hours  after  having  taken  one  hundred  and  fifty  grains  (9.7  gm.)  of 
arsenic  in  fine  powder  suspended  in  water. 

A  woman'  'in  her  twentieth  year  died  two  and  one-half  hours  after 
having  taken  two  ounces  (62  gm.)  of  arsenic.  She  had  had  violent 
vomitings  by  which  most  of  the  poison  was  ejected. 

A  servant  girl  was  seen  well  and  at  work  at  midnight.  At  3  a.m. 
she  was  found  sitting  in  a  privy,  dead,  and  stiff.  Another  young 
woman  went  to  bed  "late,"  and  died  at  10.30  p.m.^ 

Besides  the  above  we  have  collected  from  the  medical  litera- 
ture 53  cases  in  which  death  occurred  in  10  hours  or  less:  3  in 
3  hours;  10  in  4  hours;  6  in  5  hours:  2  in  6  hours;  15  in  7  hours; 
5  in  8  hours;  9  in  9  hours;  and  3  in  10  hours. 

So  far  as  we  are  aware,  no  recent  homicidal  case  has  occurred 
in  which  a  rapid  fataKty  has  been  the  ground  for  question  as  to 
the  cause  of  death,  although  Ca,uvet*  reports  a  French  case  in 
1875  in  which  the  deceased  died  only  four  hours  after  the  sup- 
posed administration,  having  suffered  from  colic,  diarrhoea,  and 
vomiting,  on  the  day  preceding,  and  from  vomiting,  diarrhoea, 
thirst,  weakness  and  cramps  in  the  legs  after  having  taken  the 
soup  alleged  to  have  been  poisoned.  From  a  portion  of  the 
intestine  1 .  73  gm.  of  arsenic  trioxid  were  separated. 

Taylor*  states,  however,  that  in  the  case  of  Rh3'mes,  tried  in 
1841,  it  was  sought  to  refer  the  ulceration  found  in  the  stomach 
to  some  cause  other  than  arsenic,  the  deceased  having  died  in 
ten  hours  after  the  alleged  administration.  Christison  also^ 
states  that  during  the  controversy  which  succeeded  the  trial  of 
Rex  V.  Russell  and  Leny,  at  the  Lewies  Summer  Assizes  in  1826, 
in  which  the  former  was  convicted  of  the  murder  of  her  hus- 
band, who  had  died  three  hours  after  the  alleged  administration, 
it  was  .claimed  by  one  of  the  parties,  among  other  reasons  for 
believing  arsenic  not  to  have  been  the  cause  of  death,  that  this 
poison  never  proves  fatal  in  so  short  a  time  as  three  hours. 
The  same  ground  was  taken  by  several  medical  witne.sses  for 
the  defense  upon  the  trial.     It  does  not  seem  probable  that  a 

■  Dymock:     Edinb.     M.     and     S.  179)  the  short  total  duration  (6  hrs.) 

Jour.,  1843,  lix.,  350.  was  of  interest  in  connection  with  a 

-  Hofmann:  "Lehrb.  d.  ger.  Med.,"  theory  of  suicide. 

9te  Aufi.,  p.  698.  '  "Poisons,"  3d  Am.  ed.,  297,  and 

"  Ann.    d'hyg.,    1875,    2   s.,    xliii.,  Guy's  Hosp.  Rep.,  1841,  vi..  26.5. 

350.     In  a  case  reported  by  (irad-  '"Poisons,"  Am.  ed.,  240. 
wohl  (St.  Louis  M,  Rev.,  1903,  xlvii., 


ACUTE  ARSENICAL    POISONING DURATION.  455 

defense  based  upon  this  grovmd,  if  attempted,  could  be  main- 
tained at  the  present  time. 

In  many  instances  also  the  victim  of  arsenic  has  survived  for 
a  much  longer  period  than  twenty-four  hours  and  has  finally 
succumbed,  either  to  a  prolonged  acute  poisoning  terminating 
in  death  from  exhaustion,  or  to  a  chronic  poisoning  succeeding 
the  acute  attack: 

Paterson'  relates  the  instance  of  a  woman  of  thirty-five  years  who 
took,  with  suicidal  intent,  an  unknown  quantity  of  white  arsenic.  She 
was  found  early  in  the  evening  suffering  from  sickness,  vomiting,  and 
purging,  which  increased  in  severity  until  the  morning,  when  the  symp- 
toms were  very  much  like  those  of  cholera,  except  that  the  vomited 
matter  was  like  thin  coffee  grounds;  pulse  feeble;  tongue  white;  epi- 
gastrium tender.  There  was  then  no  suspicion  of  poisoning,  and  the 
treatment  consisted  in  the  administration  of  opiates  and  the  applica- 
tion of  mustard  cataplasms.  Next  day  the  symptoms  were  all  much 
aggravated;  abdomen  very  tender  to  the  touch;  pulse  much  weaker, 
more  rapid;  everything  taken  into  the  stomach  rejected;  purging  fre- 
quent, with  straining  and  pain.  The  condition  remained  much  the 
same  until  next  morning,  when  she  died  convulsed,  sixty  hours  after 
having  been  found.  Arsenic  in  substance,  tinged  with  sulfid,  was 
found  in  the  stomach,  which  was  inflamed. 

A  somewhat  similar  instance,  but  of  longer  duration,  is  that  of  the 
Due  de  Praslin:^  At  3  p.m.  August  18,  1847,  he  was  seen  in  health. 
(He  was  under  suspicion  of  having  assassinated  his  wife  the  previous 
night.)  At  10  P.M.  he  was  taken  with  vomiting,  had  a  very  feeble 
pulse,  and  vomited  and  purged  during  the  night.  His  condition  went 
from  bad  to  worse,  with  occasional  remissions,  during  one  of  which  on 
the  21st  at  5  a.m.,  he  was  transferred  to  prison,  where  he  was  placed 
under  strict  surveillance,  although  suspicion  of  poisoning  does  not  ap- 
pear to  have  been  seriously  entertained  until  the  22d,  four  days  after 
the  poison  had  been  taken.  The  treatment  was  limited  to  efforts  at 
allaying  the  gastro-intestinal  irritation.  He  died  at  4:35  p.m.  on  the 
24th,  six  full  days  after  the  poisoning,  during  the  greater  part  of  which 
time  it  was  impossible  that  he  could  have  taken  a  further  quantity  of 
poison.     Arsenic  was  found  in  the  liver. 

In  both  of  these  eases  the  cause  of  the  symptoms  was  un- 
recognized, and  the  poison  remained  in  the  stomach,  except  in 
so  far  as  it  was  removed  by  the  efforts  of  nature.     It  was  con- 

'Edinb.  M.  J.,  1857,  iii.,  394.  ^  j_    jgg    conn.    m6d.-chir.,    Oct., 

1847  (from  reprint). 
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sequently  gradually  absorbed,  as  is  indicated  by  its  presence  in 
the  stomach  in  the  first  case,  and  in  the  liver  in  the  second. 

A  case  of  still  longer  duration  is  that  of  Dr.  Alexander'  who  took  a 
quantity  of  arsenic,  mixed  with  arrowroot,  by  mistake.  He  exhibited 
the  usual  symptoms  and  died  on  the  seventeenth  day.  The  stom- 
ach was  found  to  be  ulcerated.  No  arsenic  was  found  in  the  stomach, 
liver,  and  spleen,  which  were  analyzed. 

Taylor^  notes  an  instance  of  death  on  the  twentieth  day  after  an 
external  application  of  arsenic  to  the  head.  The  same  author  quotes 
as  the  longest  duration  of  an  arsenical  poisoning  a  case  reported  by 
Belloc'  in  which  it  is  inferred  that  a  woman  of  fifty-six  years  died  two 
years  after  an  application  of  a  solution  of  arsenic  to  the  skin.  Belloc, 
however,  does  not  specifically  state  that  the  arsenic  was  the  cause 
of  death.  ^ 

In  most  cases  of  protracted  poisoning  the  symptoms  of  gastro- 
enteritis are  succeeded  by  those  of  more  or  less  pronounced 
chronic  poisoning.^ 

If  rapidly  fatal  cases  are  rarely  the  subject  of  legal  inquiry, 
there  have  been  many  instances  of  alleged  homicide  in  which 
several  days  have  elapsed  between  the  time  when  it  has  been 
claimed  that  the  poison  was  administered  and  the  death."     Al- 

'  Geoghegan:     Med.     Times     and  ported,   Ibid.,  1850,    xliv.,  432,  five 

Gaz.,  1857,  n.  s.,  xiv.,  389.  days.     Reg.  v.  Wooler,  1855  (Edinb. 

=  "Poisoiis,"  3d  Am.  ed.,  303.  M.  Jour.,  1856,  ii.,  625),  fifty  days. 

'"Cours    de    m^d.    Ug.,"    Paris,  Case  reported  by  Maschka:  "Samml. 

1807,  p.  153.  gerichtsarztl.  Gutacht.,"  Prag,  1858, 

*  "  EUe  tratna  une  vie  languissante  218,    five    days.     Reg.    v.    Holmes, 

pendant  deux  ans,  au  bout  desquels  1860  (Taylor:  Loc.  cit.,  329),  seven 

elle    mourut,    ayant    touj  ours    con-  days.     Case   of   Franziska   Schmid- 

serv^  un  tremblement  dans  tous  les  maier,  1862  (Freidreich's  Bl.  f.  ger. 

membres."  Med.,    1862,   xiii.,   353),   sixth  day. 

=  See  page  507.  Reg.    v.    Williams,     1863    (Lancet, 

«Rex    V.    Blandy,    1752;    fourth  1863,  ii.,  47),  fifteen  days.     Case  of 

day.     Case  of    ToUner     (Jahrb.    d.  U.    P.,    1869     (Maschka:   Loc.   cit., 

Staatsarznk.,    1809,   ii.,   221),   eight  1873,  232),  eleven  days.     Case  of  T. 

days.     Peo.  v.   Kessler,    1818   (Am.  C.   (Maschka:  Loc.  cit.,   1867,  265), 

Med.    Recorder,     1818,    i.,    386;    3  fourteen    days.     Case    reported    in 

Wheeler's    Crim.    Cases,     19),    five  Friedreich's  Bl.  f.  ger.  Med.,  1870, 

days.     Case      of      Ober-Tcidtmann,  xxi.,   447,   fourth  day.     Case  of  A. 

1819  (Mag.  f.  d.  ges.  Heilk.,  1819,  v.,  E.,    1S71    (Ibid.,    1872,   xxiii.,   395), 
57),    six    days.     Case    reported    by  ■   four  weeks  and  three  days.     Reg. 

Christison:  Edinb.  M.  and  S.  Jour.,  v.     Maybriek,     1889,     eight     days. 

1828,    xxix.,   23,    four    days.     Reg.  State   v.    Marsh   and    Buzzell,    Vt., 

V.   Hunter   (Taylor:   "Poisons,"    3d  1897     (Bartlett:  Bost.  M.  &.  S.  J., 

Am.  ed.,  42,  124,  312),  three  days.  1898,    cxxxviii.,     487),    about    five 

AiTaire      Gloeckler,       1S46       (Ann.  days-  Aff.   Urbain  X.  (Orfila:     Ann. 

d'hyg.,     1847,     xxxvii.,     121),     ten  d'hyg.,   1833,  ix,  410),  one  of  three 

days.     Case  reported  by  Chevallier  victims  died  in  72  days,  another  was 

and   Lassaigne:  Ann.  d'hyg.,   1850,  seriously  ill  for  eight  months, 
xliii.,    420,    four    days.       Case    re- 


ACUTE  ARSENICAL    POISONING — SYMPTOMS.  457 

though  in  some  of  these  cases  death  may  have  been  caused  by 
the  administration  of  a  single  dose,  it  is  certain  that  in  many,  if 
not  in  most  of  them,  repeated  administration  of  small  doses  was 
resorted  to. 

Symptoms. 

The  clinical  history  of  acute  arsenical  poisoning  is  by  no 
means  the  same  in  all  cases.  Apart  from  peculiarities  to  be 
noted  later,  two  distinct  types  are  recognized:  The  first,  of  most 
frequent  occurrence,  is  a  very  intense  toxic  gastro-enteritis; 
the  second,  more  rarely  met  with,  is  marked  by  symptoms  ref- 
erable to  a  severe  cerebro-spinal  action,  the  so-called  narcotic 
or  paralytic  form. 

Gastro -enteric  Form. — ^This  begins  with  a  sense  of  faint- 
ness,  depression,  and  nausea,  accompanied  usually  by  a  feeling 
of  irritation  and  heat  in  the  throat  and  stomach.  Vomiting  and 
retching  occur  early,  increase  in  frequency  and  in  severity,  and 
continue  even  after  the  stomach  has  been  emptied  completely 
of  its  contents  except  such  portions  as  adhere  to  its  walls.  The 
vomited  matters  at  first  consist  of  whatever  food,  drink,  etc., 
the  stomach  may  contain;  later  they  are  mucous  or  watery  in 
character,  and  still  later  may  be  tinged  with  blood  either  in 
streaks  or  in  spots.  In  most  cases  the  vomited  matters  are 
tinted  or  highly  colored,  yellow,  green  or  bluish,  from  admixture 
with  bile  regurgitated  from  the  intestine  by  the  violent  efforts  at 
vomiting.  The  yellow  color  is  sometimes  ascribed  to  the  yellow 
sulfid  of  arsenic.  It  is  in  part  or  in  whole  due  to  this  cause 
when  King's  yellow  has  been  taken,  but  never  otherwise,  as 
white  arsenic  is  not  converted  into  the  sulfid  in  the  stomach 
during  life  to  any  considerable  extent.* 

A  bright  green  color  points  to  the  strong  probability  that 
Paris  green  has  been  taken,  yet  Day^  has  reported  the  case  of  a 
boy  of  sixteen  years  who  on  the  second  day  after  having  accident- 
ally taken  "rough  on  rats"  vomited  about  a  pint  of  a  grass- 
green  fluid.  He  had  vomited  about  twenty  times  previously. 
In  some  cases  the  vomited  matters  are  brown  in  color.  This 
may  be  due  to  the  administration  of  ferric  hydrate  as  an  anti- 
dote, but  in  some  instances  it  certainly  is  not,  as  in  a  case  re- 

1  See  Paterson's  case,  p.  455.  ^  N.  Y.'Med.  Jour.,  1885,  xli.,  189. 
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ported  by  Paterson/  in  which  the  appearance  of  the  ejecta  was 
"hke  thin  coffee  grounds,"  although  the  arsenical  origin  of  the 
trouble  was  not  recognized  and  opiates  only  were  administered; 
also  in  a  case  of  Taylor's^  in  which  the  brown  color  changed  to 
green  on  exposure  to  air,  which  it  might  if  due  to  bile,  but  not 
if  due  to  ferric  compounds.  A  black  or  blue-black  color  is 
sometimes  observed  when,  as  in  England,  the  arsenic  has  been 
mixed  with  lampblack  or  indigo.  A  greenish-black  color  has 
also  been  observed,''  and  a  pinkish  color  in  another  instance.'' 
The  quantity  of  blood  in  the  ejecta  is  usually  small  and  in 
streaks,  although  an  exceptional  instance  is  recorded  by  Dennott" 
in  which  the  matter  discharged  was  dark  and  glutinous,  with 
clots  of  blood,  and  about  a  tablespoonful  of  bright  florid  blood 
followed  after  each  effort  at  vomiting.  It  was  the  case  of  a 
suicide  who  had  taken  an  unknown  quantity  of  arsenic  in  water, 
but  who  recovered.  Possibly  the  hemorrhage  was  due  to  some 
cause  other  than  arsenic.  The  quantity  of  vomited  liquid  is 
sometimes  very  great,  particularly  if  large  quantities  of  liquid 
are  taken.  Thus  a  suicide  who  took  half  an  ounce  (15. 6  gm.)  of 
arsenic"  was  known  to  have  ejected  fourteen  pints  (6.620  c.c.) 
although  the  first  vomit  was  not  measured  and  the  stomach  had 
been  pumped  out.  The  ejecta,  particularly  those  first  dis- 
charged, should  be  carefully  examined  for  fragments  of  the  poi- 
son, which  are  very  frequently  present  either  in  the  form  of 
lumps  or  masses  or  of  a  gritty  powder  which  tends  to  sink  to 
the  bottom  of  the  vessel,  or  is  imprisoned  in  shreds  or  masses 
of  mucus. 

The  vomiting  is  soon  accompanied  by  pain,  first  in  the 
stomach,  then  extending  from  the  epigastric  to  the  umbihcal 
region  as  the  intestines  become  involved,  and  radiating  toward 
the  back  and  loins'.  The  pain  is  burning  in  character,  frequently 
described  as  "like. a  red-hot  coal  in  the  stomach,"  and  increases 
rapidly  in  severity  until  the  patient  writhes  in  agony.  The 
abdomen  is  tender  to  the  touch  and  later  distended,  and  the 
pain  is  increased  by  pressure,  even  the  most  gentle.  Early  in 
the  poisoning  the  tongue  becomes  coated  with  a  white  fur,  the 

•  Edinb.  M.  Jour.,  1857,  iii.,  394.  *  ^Yilks:  Guy's  Hosp.  Rep.,  1855, 

2  Guy's  Hosp.   Rep.,    1851-52,  n.  3  s.,  i.,  .364. 
s.,  vii.,  187.  5  Lancet,  1851,  ii.,  552. 

=  Beresford:  South.  Pract.,   1881,  "Ryan:  London    M.    Gaz.,    1851, 

iii.,  109.  n.  s.,  xii.,  722. 
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mouth  is  dry  and  parched,  and  there  is  frequently  a  sense  of 
constriction  in  the  throat,  which  is  sometimes  painful.  Great 
thirst  is  an  early  and  persistent,  and  probably  the  most  constant, 
symptom.  To  relieve  it  large  quantities  of  liquid  are  greedily 
taken  at  first,  although  the  victim  soon  finds  that  this  but  in- 
creases the  pain  and  the  vomiting.  Sometimes  a  persistent  hic- 
cough torments  the  patient  and  causes  severe  abdominal  pains.' 

Later  the  vomiting  is  attended  with  purging,  the  discharges 
being  suddenly  expelled  and  frequently  passed  involuntarily. 
Soon  the  purging  is  accompanied  by  tenesmus  and  pain  and 
irritation  about  the  anus.  The  stools  are  at  first  dark-colored 
and  extremely  fetid,  later  yellowish  and  finally  watery,  colorless 
and  odorless,  resembling  the  "rice-water"  stools  of  cholera. 
The  urine  is  diminished  in  quantity,  sometimes  completely  sup- 
pressed, and  darker  in  color  than  normal."  There  are  severe 
cramps  in  the  calves  of  the  legs,  and  other  muscles^  which  usually 
appear  with  the  beginning  of  purging.  The  respiration  is  inter- 
fered with  only  in  so  far  as  abdominal  respiration  is  rendered 
painful  by  the  tenderness  of  the  abdomen.  The  patient  is  very 
restless,  rapidly  becomes  greatly  prostrated,  and  in  a  short  time 
enters  into  the  stage  of  collapse.  The  pulse  is  small,  frequent, 
irregular,  and  subsequently  becomes  imperceptible.  The  surface 
is  cold  and  covered  with  clammy  perspiration.  The  face  is 
anxious,  at  first  pale,  later  cyanosed.  There  are  attacks  of 
syncope  and  convulsive  movements  of  the  arms  and  legs.  Death 
is  usually  quiet,  without  impairment  of  intellect  until  the  last, 
and  occurs  in  about  twenty-four  hours.* 

In  its  most  acute  form  (asphyxia  arsenicalis)  arsenical 
gastro-enteritis  closely  resembles  Asiatic  cholera — vomiting, 
purging  of  "rice-water"  stools,  tenesmus,  tonic  convulsions  of 

>  Meyerhoff  (Bed.  kl.  Wchnschr.,  Med.    Corps,    1905,    iv.,    647),    the 

1905,    xlii.,    1044)    reports    a    case,  average     time     of     appearance     of 

fatal  in  eight  days,   in  which  per-  cramps  was  2^  hours.     The  muscles 

sistent  singultus  began  on  the  first  affected  were  those  of  the  calf  in  1.3, 

day  and  continued  to  the  end.  soles   of   feet   and   toes,    12;   thighs 

^  In    Meyerhoff 's    case,    loc.    cit.,  (principally  flexors),  6;    gluteal,    1; 

there  was  complete  anuria  for  the  upper  limb,  3;    back    of    neck,    2; 

first  two  days,  and  only  725  c.c.  of  diaphragm      in      1.      The      cramps 

urine  was  passed  during  the  succeed-  usually  began  in  the  calf,  and  the 

ing  days.     The  patient  had  but  one  severity    of    the    case    was    propor- 

kidney.  tionate  to  their  intensity. 

'  In  the  cases  of  twenty-eight  sold-  *  See  p.  452  et  seq. 

iers  observed  by  Beggs  (J.  Roy.  Army 
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the  lower  and  later  of  the  upper  extremities,  cyanosis  and  col- 
lapse, and  death  within  a  few  hours.  ^ 

Narcotic  Form. — The  gastro-enteric  symptoms,  if  present 
at  all,  are  not  severe.  There  is  some  pain,  nausea,  and  one  or  a 
few  acts  of  vomiting,  but  the  patient  rapidly  becomes  somno- 
lent, with  a  small  pulse  and  cool  surface,  experiences  a  feeling 
of  formication,  has  vertigo,  is  sometimes  delirious,  soon  becomes 
comatose,  and  dies  without  regaining  consciousness.  The 
duration  of  cases  of  this  class  is  usually  short,  less  than  twenty- 
four  hours,  more  frequently  from  four  to  eight  hours. 

The  two  following  cases  may  be  quoted  as  instances  of  this 
form: 

A  woman  of  twenty-three  years,  who,  as  was  subsequently  ascer- 
tained, had  taken  a  teaspoonful  of  "rough  on  rats"  with  suicidal  in- 
tent, was  found  unconscious,  with  matter  about  her  that  had  evidently 
been  vomited.  She  could  not  be  aroused,  but  threw  her  hands  about 
and  pressed  them  upon  her  abdomen;  there  were  no  spasms  of  either 
extremities  and  no  resistance  to  pressure  over  the  stomach;  the  face 
was  extremely  pale,  the  pupils  widely  dilated  and  not  responsive  to 
light,  the  eyeballs  slightly  congested.  The  pulse  was  feeble,  about  80, 
and  the  respiration  30.  There  were  involuntary  discharges  from  the 
bowels,  and  an  emetic  caused  the  vomiting  of  about  a  pint  of  liquid. 
About  five  hours  later  there  were  signs  of  returning  consciousness  and 
in  two  hours  later  she  became  conscious  and  answered  questions  intelli- 
gently, but  felt  weak  and  sleepy.  The  stupor  increased  and  she  died 
comatose,  fifteen  hours  after  the  poisoning,  without  any  convulsions 
or  struggling.  At  the  autopsy  the  stomach  was  found  to  be  highly 
inflamed.^ 

A  family  of  four  persons  were  poisoned  by  arsenic  in  coffee.  Soon 
after  all  had  abdominal  pain  and  vomiting,  two  were  carried  to  bed  un- 
conscious. One  of  them,  a  girl  of  six  years,  awoke  in  three  hours, 
complained  of  pain  in  the  abdomen  and  asked  to  drink.  She  drank 
sweetened  water  and  again  went  to  sleep.  A  short  time  after  she  was 
found  to  be  dead.  Arsenic  was  found  in  the  coffee  and  in  the  girl's 
stomach.' 

D6ry^  has  reported  a  poisoning  of  this  type  in  a  man  who  died  in 
thirty-five  hours  from  the  effects  of  fly  stone. 

'  See  p.  480.  ^Friedberg:  "  Gerichtsarztl.  Gut- 

'  Willard:    Maryl.    M.    J.,    Bait.,       acht.,'  Ite  R.,  1875,  271. 
1884-85,  xii.,  333.  "Pest:    med.-chir.    Presse,    1898, 

xxxiv.,  985. 
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The  condition  of  the  pupils  has  not  been  often  noted,  but  it 
affords  one  of  the  points  of  distinction  between  opium  narcosis 
and  that  sometimes  observed  in  arsenical  poisoning.  In  four- 
teen out  of  twenty-two  cases  in  which  the  condition  of  the  pupils 
was  described  they  were  dilated,  even  in  one  homicidal  case  in 
which,  according  to  the  theory  of  the  state,  morphin  was  ad- 
ministered as  well  as  arsenic.^  In  one  of  these,^  in  which  the 
symptoms  were  of  the  cerebro-spinal  type,  the  pupils  were  not 
sensitive  to  light.  In  one  case,'  in  which  the  patient  hadviolent 
tetanic  convulsions,  the  pupils  from  being  minutely  contracted 
became  much  dilated.  In  another,*  in  which  there  were  marked 
gastro-enteric  symptoms,  the  pupils  in  one  and  a  half  hours 
alternately  dilated  and  contracted,  and  in  four  hours  there  was 
little  movement  of  the  iris.  In  another,  rapidly  fatal,  case^  the 
pupils  in  two  hours  were  somewhat  dilated  and  susceptible  to 
light.  Shortly  before  death,  in  collapse,  they  became  con- 
tracted and  fixed.  In  one  case*  in  which  there  was  some  con- 
traction of  the  pupils,  which  remained  sensitive  to  light,  lauda- 
num had  been  given  along  with  the  arsenic  and  the  symptoms 
of  opium  poisoning  predominated.  Of  the  four  cases  in  which 
the  pupils  were  contracted,  one'  was  that  of  a  man  in  whom 
the  pupils  were  contracted  on  the  afternoon  of  the  second  day, 
he  having  manifested  the  characteristic  gastro-enteric  symptoms 
during  the  first  day.  Another*  was  a  homicidal  case,  in  which 
the  pupils,  although  contracted,  were  sensitive  to  light,  and  in 
which  Hofmann,  by  reason  of  the  lack  of  intense  inflammation  of 
the  stomach  and  intestines  and  the  slight  development  of  symp- 
toms during  life,  did  not  feel  justified  in  attributing  the  death  to 
arsenic.  Only  a  small  quantity  was  found  in  the  stomach.  In  a 
third  case,'  in  which  the  pupils  were  much  contracted,  the 
patient  remained  perfectly  rational  to  the  end,  and,  although  he 
vomited  copiously  and  the  urine  was  suppressed,  there  is  no 

'Com.    V.    Francis     E.     Hayden.  "Friedreich's    Bl.    f.    ger.    Med., 

Jewett:    Boston    M.    and    S.    Jour.,  1862,  xiii.,  353. 

1880,  cii.,  148.  '  Taylor:  Guy's  Hosp.  Rep.,  1851- 

^Williard:    Maryland    M.     Jour.,  52,  2s,  vii.,  190. 

1884-85,  xii.,  333.  'Friedreich's    Bl.    f.   ger.     Med., 

'Foster:  Lancet,  1840-41,  ii.,  305.  1862,     xiii.,     353;     and     Hofmann: 

*  Kelso:  Lancet,  1844,  ii.,  154.  Ztschr.   f.   S  t  aatsarznk  . ,    1^64, 

=  Booth:   London   M.    Gaz.,  1834,  Ixxxvii.,  260-284. 

xiv.,  62.  »  Beresford:    Southern    Pract., 

1881,  iii.,  109. 
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mention  made  of  his  having  suffered  from  pain  or  thirst,  and  the 
bowels  were  constipated.  He  died  without  a  struggle  and  ap- 
parently without  pain  in  forty  hours.  As  the  case  was  a  suicide 
it  seems  probable  that  morphin  may  also  have  been  taken.  There 
is  no  mention  of  an  analysis.  In  the  fourth  case'  the  gastro- 
enteric symptoms  were  prominent. 

It  is  clear  that  none  of  these  cases  could  have  been  mistaken 
for  one  of  opium  narcosis. 

Another  mixed  form  of  arsenical  poisoning  is  sometimes 
designated  as  subacute.  In  cases  of  this  character  the  beginning 
of  the  attack  is  violent  and  the  symptoms  those  of  either  of  the 
forms  above  described,  almost  always  those  of  the  gastro-enteric 
form.  In  from  twenty-four  to  forty-eight  hours  the  manifesta- 
tions of  gastric  and  intestinal  irritation  diminish  in  intensity,  and 
the  condition  of  the  patient  seems  to  be  ameliorated.  The 
tenderness  of  the  epigastrium  usually  disappears,  although  in  a 
non-fatal  poisoning  which  Dr.  Sanborn  observed  in  his  own 
person^  considerable  burning  pain  at  the  epigastrium  and  right 
hypochondrium,  increased  on  exercise,  persisted  until  the  tenth 
day.  The  lower  abdomen  remains  sensitive  longer.  The 
mouth  and  tongue  become  sore,  dry,  and  painful,  the  latter  white 
in  the  centre,  red  at  the  tip  and  margins.  The  salivary  glands 
and  tonsils  swell  in  some  cases. ^  There  is  complete  loss  of  ap- 
petite and  continued  severe  thirst.  The  pulse  is  small,  weak  and 
rapid  (100-130).  The  temperature  is  said  to  be  high,  although 
Roth^  reports  a  case  in  which  upon  the  fourth  day  (the  day  of 
death)  the  temperature  was  "  very  low."  The  urine  is  diminished 
in  quantity,  and  has  been  known  to  be  completely  suppressed 
for  three  days  preceding  death,^  and  contains  albumin  and 
arsenic.  The  skin  is  marked  by  the  most  varied  exanthemata;  gen- 
eral redness,  hke  scarlatina,  roseola,  petechise,  urticaria,  herpes, 
pemphigus,  eczema.  Sometimes  there  is  oedema"  and  occasion- 
ally icterus.'     The  patient  is  extremely  restless,  tosses  about,  is 

'Isidore    et    al.;    Rec.    d.    mfei.  <"  Laure:  Lyon  m^d.,  1869,  iii.,  4S. 

m(5d.  mil.,  1868,  3  s.,  xx.,  419.  '  Taylor  (quoting  Marshall) :  "Poi- 

=  Boston  M.  and  S.  Jour.,   18-17,  sons,"  3d  Am.  ed.,  293.     Jaundice 

xxxvn.,  239.  as  a  symptom  of  arsenical  poisoning 

^Kersten:Deut.Klin.,1851,iii.,393.  was  the  subject  of  inquiry  on  the 

"  Arch.     f.     path.     Anat.,     1868,  trial  of  Madeleine  Smith  (Morison's 

xliv.,  131.  Report,  pp.  28,  29,   176).     See  also 

'Roth's   case,    above.     Merbach:  Dery:  Pest,  med.-chir.  Presse,  1898, 

■Vrtljschr.  f.  ger.  Med.,  1S75,  n.  P.,  xxx'iv.,  9S5. 
xxiii.,  48. 
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sleepless  and  has  pain  in  the  head.  The  eyes  are  suffused  and  the 
conjunctivae  are  injected/  although  this  is  not  so  universally  the 
case  as  was  claimed  by  Dr.  Tidy  in  the  Maybrick  case.  SeideP 
in  describing  this  form  of  poisoning  does  not  mention  these  eye 
symptoms.  In  Kersten's  case  {I.  c.)  they  are  not  mentioned, 
although  strabismus  and  double  vision  are  referred  to  as  occurring; 
nor  in  the  equally  typical  cases  reported  by  Laure  (l.  c),  Merbach 
{I.  c),  Roth  {I.  c),  and  WiUiams.^' 

The  strength  fails,  the  limbs  become  weak  or  paralyzed,  the 
surface  cold,  the  heart's  action  weak  and  irregular,  respiration 
difficult,  and  the  pulse  imperceptible.  There  are  wandering  de- 
lirium, loss  of  consciousness,  and  sometimes  spasmodic  contrac- 
tions of  the  muscles,  and  death  in  convulsions  (Merbach's  case). 
More  usually  death  occurs  quietly  in  from  three  to  ten  days. 

It  is  from  this  form  of  poisoning  that  James  Maybrick  died, 
a,ccording  to  the  theory  of  the  prosecution.  The  principal  points, 
from  the  symptomatology,  raised  by  the  defense  in  opposition  to 
this  theory  were:  1.  The  late  onset  of  diarrhoea,  and  the  succes- 
sion of  tenesmus  and  diarrhoea,  concerning  both  of  which  there 
seems  to  have  been  a  variation  in  the  statements  of  fact.  2. 
The  slightness  of  the  abdominal  pain.  3.  The  fact  that  the 
urine  was  increased  in  quantity.  4.  The  absence  of  suffusion 
of  the  eyes  and  injection  of  the  conjunctivae. * 

The  sequence  of  symptoms  is  usually  continuous.  Occa- 
sionally, however,  there  are  remissions  or  even  complete  inter- 
missions. Such  cases  are  of  rare  occurrence,  and  in  homicidal 
or  other  cases  in  which  the  possibility  of  a  second  administra- 
tion is  not  distinctly  excluded  a  cessation  of  symptoms  followed 
bj^  another  attack  points  strongly  to  a  repetition  of  the  ingestion 
of  poison.  This  view  was  held  by  Maschka^  in  a  homicidal  case 
in  which  there  was  almost  complete  cessation  of  symptoms  on 
the  fourth  day  and  death  on  the  fifth. 

In  the  case  of  the  Due  de  Praslin,  however,  there  were  dis- 
tinct remissions  and  intermissions  of  individual  symptoms.  At 
some  times  there  was  no  pain,  at  others  the  vomiting  ceased. 

'Taylor:     Guy's    Hosp.     Repts.,  ^  Lancet,  1840,  i.,  706. 

1851-52,    2    s.,    vii.,    190;    Ward:  *  Carter:    Liverp.     Med.-Chir. 

Edinb.     M.    and    S.    Jour.,     1830,  Jour.,  1890,  x.,  117. 

xxxiii.,  61.  ="Samml.    Gutacht.   Prag.    med. 

maschka:     "  Handb.     d.     ger.  Fak.,"  1858,  ii.,  218. 
Med.,"  ii.,  242. 


464  TOXICOLOGY WITTHAUS. 

Yet  in  this  instance  it  was  practically  impossible  that  there 
could  have  been  more  than  the  first  large  dose  taken.  This 
was,  however,  a  case  of  long  duration  (six  days)  whose  arsenical 
character  was  not  recognized  until  very  late  and  in  which,  con- 
sequently, absorption  from  the  stomach  and  intestine  continued 
for  some  days,  producing,  so  far  as  absorption  is  concerned,  the 
same  effect  as  a  continuous  administration.  Maclagan'  cites  a 
case  in  which,  on  the  second  day  after  having  been  taken  with 
vomiting  and  purging,  the  patient  was  much  better  and  had 
ceased  to  vomit.  On  the  fourth  day  vomiting  recommenced, 
and  he  died  on  the  seventh  day.  Although  Taylor,  in  quoting 
this  case,  states  that  "the  symptoms  recurred  without,  so  far  as 
could  be  ascertained,  any  fresh  dose  of  poison  having  been 
given,"  the  case  was  an  alleged  homicide,  and  there  does  not  ap- 
pear to  be  sufficient  evidence  that  a  fresh  dose  was  not  given. 

Lothrop^  has  reported  the  case  of  a  girl  of  ten  years  in  whom 
the  intermissions  were  quite  marked: 

Soon  after  taking  the  poison  she  vomited  at  short  intervals,  with 
considerable  retching,  but  between  the  attacks  of  vomiting  she  was  ap- 
parently well.  This  continued  until  midnight,  when  the  vomiting  oc- 
curred at  longer  intervals  and  toward  morning  ceased  and  she  went  to 
sleep.  The  next  morning  the  trouble  seemed  over.  Vomiting  began 
again  and  continued  until  the  next  day  at  noon,  when  it  ceased.  Then 
there  was  considerable  retching,  pain,  distress,  and  soreness.  She  was 
excited,  restless,  and  thirsty.  After  midnight  on  the  second  night  she 
slept  some,  and  during  the  following  morning  vomited  occasionally,  but 
had  no  pain.     She  ultimately  recovered. 

Shepard^  reports  a  suicidal  case  in  which  pain  was  absent  during 
three  hours,  although  very  violent  before  and  after  the  interval. 

Storer*  relates  an  accidental  poisoning  in  a  workman  who,  after 
taking  the  poison  at  9  p.m.,  and  exhibiting  the  usual  symptoms,  was 
much  better  and  made  no  complaint  of  pain  during  the  following  day, 
but  in  the  evening  again  suffered  great  pain. 

Ogston^  reports  the  poisoning  of  a  girl  of  sixteen  years  in  which 
there  were  not  only  remissions  and  intermissions  of  symptoms,  but 
other  peculiarities.  She  was  seen  October  28th,  at  1 :30  p.m.,  two  hours 
after  having  taken  the  poison.     The  eyes  were  much  injected,  the 

'  London   and   Edinb.    Mthly.    J.  *  Boston  M.  and  S.  Jour.,  1841, 

M.  Sc,  1853,  xvi.,  1.5.  xxiii.,  348. 

=  Buffalo  M.  and  S.  Jour.,  1865-  =  London  M.  Gaz.,  1851,  n.  s.,  xii., 

06,  v.,  66.  181. 

=  Tr.  S.  Car.  M.  See,  1880,  xxx.,  21. 
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countenance  was  livid,  the  pulse  slow  and  feeble.  There  were  saliva- 
tion and  involuntary  passages  of  urine  and  iseces.  She  was  drowsy  and 
complained  of  pain  in  the  head.  Zinc  sulfate  did  not  produce  emesis, 
which  was,  however,  provoked  by  tickling  the  fauces,  and  was  kept  up 
for  two  hours.  In  the  matter  first  vomited  a  white  powder  was  found 
and  identified  as  arsenic.  In  the  evening  there  were  severe  thirst  and 
headache,  the  lower  extremities  cold.  She  passed  a  restless  night, 
with  frequent  evacuation  of  fetid  material  from  the  bowels,  and  fre- 
quent vomiting.  On  the  morning  of  the  29th  vomiting  continued. 
The  abdomen  was  not  tender  and  there  was  neither  pain  nor  uneasi- 
ness. In  the  evening  the  vomiting  ceased,  there  was  no  thirst  and  she 
was  hungry.  On  the  morning  of  the  30th  she  walked  four  hundred  to 
five  hundred  yards  to  the  infirmary.  The  face  was  flushed;  the  pulse 
weak,  quick,  and  compressible;  thirst  urgent;  tongue  red  and  dry; 
lips  parched,  cuticle  exfoliated.  .There  were  epigastric  pain  and  incli- 
nation to  vomit  everything  swallowed.  Micturition  painful  and  diffi- 
cult. On  the  31st  vomiting  ceased  and  she  was  nearly  free  from  pain. 
She  suffered  from  thirst  and  the  lips  and  tongue  were  dry  and  parched. 
She  had  no  motion  for  twenty-four  hours.  November  1st,  castor  oil 
was  vomited,  still  no  movement  of  the  bowels ;  thirst  urgent,  otherwise 
she  was  better.  November  2d  she  was  incoherent  at  times  during  the 
night,  and  passed  faeces  in  bed.  At  5  a.m.,  when  raised  to  the  night 
stool,  she  was  seized  with  rigidity  of  the  joints,  then  clonic  convulsions, 
which  gradually  ceased,  when  she  was  returned  to  bed.  At  8:50  a.m. 
the  convulsions  returned,  and  she  died  at  9  a.m.  Arsenic  was  found  in 
the  first  vomit  to  the  extent  of  23.312  grains  in  two  fiuidounces,  and 
also  in  the  blood,  liver,  and  stomach  after  death. 

All  of  the  symptoms  described  above  may  not  be  met  with  in 
every  case.  In  some  instances  prominent  symptoms  have  been 
either  entirely  absent,  very  slight,  or  have  occurred  only  late  and 
shortly  preceding  death.  Such  exceptional  cases  have  been 
usually,  though  not  always,  observed  in  old  persons  or  in  individ- 
uals under  the  influence  of  opium  or  of  alcohol: 

A  family  of  five  persons  were  all  accidentally  poisoned  by  arsenic 
baked  in  a  cake  in  mistake  for  soda.  They  all  suffered  from  the  usual 
symptoms  except  an  elderly  lady  in  whom  there  was  great  prostration 
of  strength  and  only  slight  vomiting.  She  died  in  six  hours  with  little 
pain  or  suffering.'     (See  Clegg's  case,  p.  450.) 

A  man,  who  had  been  very  drunk  the  day  before,  and  who  had 
eaten  nothing  for  two  days,  took  two  drachms  (7.8  gm.)  of  arsenic  in 

'  O'Reilly:  Dublin  J.  M.  So.,  1841,  xx.,  429. 
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solution  at  2  p.m.  At  3  p.m.  he  eame  down-stairs  so  weak  he  could 
hardly  stand;  appeared  very  feeble,  with  a  pale  countenance,  and  ^ery 
thirsty.  The  water  which  he  drank  did  not  provoke  vomiting.  At 
4  P.M.  an  emetic  which  had  been  administered  had  failed  to  act.  There 
were  slight  cramps  in  the  legs,  which  were  very  weak.  There  was  no 
pain  and  no  swelling  of  the  abdomen.  The  eyes  were  red  and  blood- 
shot. The  skin  was  not  cold  or  damp  even  soon  after  death.  He  died 
at  7  P.M.  perfectly  rational  and  without  a  struggle.  Twitchings  of  the 
muscles  were  seen  about  twenty  minutes  after  death.' 

In  a  young  woman,  free  vomiting  of  matters  in  which  arsenic  was 
shown  to  be  present  was  produced  by  an  emetic,  but  she  manifested 
none  of  the  prominent  painful  symptoms  which  follow  arsenical 
poisoning.^ 

In  an  attempted  homicide,  although  arsenic  was  found  in  the  vomit, 
there  was  no  abdominal  pain,  tenderness,  or  diarrhoea.  Practically  the 
only  symptom  was  severe  and  continued  vomiting  and  retching.^ 

In  some  cases  only  one  of  the  prominent  symptoms  is  pres- 
ent. Thus  in  Clegg's  case,  cited  above,  pain  was  the  only  one 
observed,  and  that  occurred  quite  late.  Ludicke^  and  May* 
have  reported  cases  in  which  vomiting  occurred,  but  neither  pain, 
purging,  nor  thirst.  In  Storer's  case,  quoted  above,  thirst  was 
the  only  one  of  the  prominent  symptoms  present,  and  this  may 
have  been  due  to  alcohol. 

In  other  cases  either  pain,  vomiting,  purging,  or  thirst,  or 
two  of  them  have  been  absent.  Instances  in  which  there  was 
no  pain  have  been  reported  by  Choulant,"  Fox,'  Headland,' 
Taylor,"  Kerr,'"  Hakes,"  and  Roche;'^  others  in  which  it  was 
very  slight  by  Taylor, '^  Paterson,"  Beck,i'  and  still  others  in 
which  it  only  appeared  late  in  the  history  of  the  case  by  Hodgson, '° 


'  Storer:  Boston  M.  and  S.  Jour.,  »  Guy's   Hosp.    Rep.,    1865,   3  s., 

1841,  xxiii.,  349.  xi.,  277. 

^Seymour:   Lancet,    1842-43,   ii.,  '»  Edinb.   M.  and  S.  Jour.,  1831, 

587.  xxxvi.,  94. 

=  Boyd:    Australas.    M.    J.,    1894,  '^  Edinb.  M.  and  S.  Jour.,  1846, 

n.  s.,  xvi.,  529.  Ixvi.,  43. 

'Woehenschr.    f.    d.    ges.    Heilk.,  '^  Bull.     soc.     m^d.    de    I'Yonne, 
1X39,  viii.,  201.                                          ■    1871,  xii.,  59. 
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'  Lancet,  1848,  ii.,  503.  iii.,  395  (Case  7). 
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Ogston,^  and  Hofmann.^  In  Paterson's  case  the  woman 
had  determined  to  poison  herself  l.)y  small  doses,  as  she  supposed 
they  would  cause  death  without  pain.  The  doses  were  very 
small,  measured  on  the  point  of  a  pen  knife,  but  taken  daih', 
and  caused  griping  pains  of  the  abdomen  and  diarrhcea.  Roche's 
patient  was  a  woman  of  sixty-two  years  who  took  a  teaspoonful 
of  white  arsenic  by  mistake.  Vomiting  was  delayed  for  half  an 
hour.  There  was  no  pain  in  abdomen  or  epigastrium  even  on 
pressure,  and  no  tenesmus,  but  cramps  in  the  legs  were  frequent 
and  very  painful.  Vomiting  and  purging  were  abundant  in  the 
earlier  stages.  In  ten  hours  narcotism  appeared  and  continued 
to  increase  in  depth  until  her  death  in  thirteen  and  one-half  hours. 

In  a  report  of  the  medical  history  of  the  case  of  Com.  v. 
Francis  E.  Hayden,  Dr.  Jewett^  remarks  that  "  there  was  and  had 
been  entire  absence  of  thirst,  painful  or  difficult  deglutition, 
heat  in  the  throat,  and  pain  or  tenderness  at  the  epigastrium." 
An  analysis  of  the  viscera  of  the  deceased  by  Professors  Hills  and 
Wood  showed  the  presence  of  5.78  grains  (0.3746  gm.)  of  ar- 
senic trioxid  in  the  stomach  of  the  deceased,  2.72  grains  (0. 1767 
gm.)  in  the  intestine,  and  2.77  grains  (0. 1799  gm.)  in  the  liver. 
The  theory  of  the  prosecution  was  that  the  deceased  was  poisoned 
by  her  brother,  a  medical  student,  by  the  administration  of  about 
20  grains  (1 . 3  gm.)  of  arsenic,  followed  about  two  hours  later  b)' 
a  large  dose  of  morphin. 

In  the  Maybrick  case,*  the  slightness  of  the  abdominal  pain 
was  one  of  the  points  dwelt  upon  by  the  defense. 

A  case  is  reported  by  Spengler'  in  which  no  vomiting  occurred 
during  the  entire  poisoning.  Another  by  Pyl  and  Kastner"  in 
which  even  the  exhibition  of  emetics  failed  to  provoke  vomiting; 
and  still  another  by  Davies'  in  which  four  children  were  poisoned 
and  all  vomited  after  the  administration  of  an  emetic  except  a 
girl  of  five  years  who  did  not.  She  and  one  of  the  others  died. 
In  one  of  twelve  persons  whose  poisoning  by  arsenic  in  fowl  soup 
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is  related  by  Ramsay'  there  was  no  purging.  Indeed  cases  have 
been  reported  in  which  the  bowels  were  constipated.  In  those 
recorded  by  Kelso/  Paterson/  Bridges/  Beresford/  and  Worm- 
ley,"  the  poison  was  taken  by  the  mouth.  In  the  last-mentioned 
case  the  victim  suffered  from  flying  pains  in  the  head,  dizziness, 
thirst,  constipation,  and  swollen  feet.  Five  days  later  he  got  up 
and  fell  dead.  At  the  time  death  was  attributed  to  apoplexy  (he 
was  seventy  years  old).  Seventeen  months  later  the  accused 
while  intoxicated  confessed  to  having  given  three  doses  of 
arsenic.  Arsenic  was  found  in  the  stomach,  liver,  and  other 
viscera.  Constipation  has  also  been  observed  in  two  cases  of 
external  application  reported  by  Barker^  and  Graham.*  Cases 
are  reported  in  which   there   was   neither   pain   nor  thirst  by 

Yellowly,'  Warren,'"  Shipman,"  Haughton,'^  and  A P.  E.,'^ 

one  by  Taylor"  in  which,  while  jjain  was  present  at  first,  later 
there  was  neither  thirst  nor  pain,  and  the  patient  complained  of 
a  sense  of  coldness  at  the  pit  of  the  stomach;  and  another  by 
Cotting'^  in  which  there  was  neither  thirst  nor  pain  until  imme- 
diately before  death. 

Hitchcock'®  relates  the  instance  of  a  woman  in  whose  ca- 
daver, fourteen  years  after  death.  Professor  Webster  found  over 
four  grains  (0.26  gm.)  of  arsenic  trioxid,  during  whose  last  illness 
there  were  neither  vomiting  nor  purging,  nor  M^ere  these  pro- 
voked by  the  administration  of  ipecac,  zinc  sulfate,  and  purga- 
tive enemata.  Christison"  also  reports  the  case  of  a  girl  of 
fourteen  who  only  vomited  a  little  at  first,'  but  had  no 
diarrhoea. 

Heebner'*  reports  the  case  of  a  girl,  fatally  poisoned  by 
"rough  on  rats,"  who  suffered  no  pain  except  shortly  before 
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death,  and  did  not  purge.  A  somewhat  similar  case  is  reported 
by  Ward.i 

Although  usually  the  urine  is  scanty  and  micturition  is  dif- 
ficult and  painful,  cases  are  not  wanting  in  which  the  urine  is 
passed  freely^  or  even  involuntarily.^  The  urine  maj-  be  sup- 
pressed in  the  first  stages  of  the  poisoning,  and  subsequently  ex- 
creted, even  in  cases  terminating  in  death;*  or,  on  the  contrary, 
suppression  may  only  occur  at  a  later  stage."  In  a  case  reported 
by  Stanley,"  which  presented  other  abnormalities,  there  was  in- 
continence of  urine  on  the  fourth  day  of  the  poisoning,  and  reten- 
tion on  the  fifth,  when  over  a  pint  was  drawn  with  the  catheter. 
Another  instance  of  painful  distention  of  the  bladder,  relieved 
by  the  catheter,  in  an  advanced  stage  of  a  non-fatal  case,  is  re- 
ported by  Jones.''  There  have  also  been  instances  in  which  the 
quantity  of  the  urine  was  increased.  Thus  Spengler'  reported 
a  case  in  which  the  urine  was  increased  in  quantity  and  dark 
brown  in  color;  and  Angouard"  one  in  which  urine  was  not  passed 
for  the  first  seven  hours,  after  which  ten  litres  (ten  and  a  half 
quarts)  were  passed  in  ten  hours.  Potassium  nitrate  was  ad- 
ministered in  large  quantity. 

The  urine  responds  to  Fehling's  reaction  for  sugar,'"  probably 
by  the  reducing  action  of  arsenious  acid  contained  in  it. 

The  temperature  in  acute  arsenical  poisoning  does  not  vary 
much  from  the  normal,  and  in  the  few  cases  in  which  it  has  been 
noted  it  has  been  slightly  subnormal  in  some  and  in  others 
somewhat  above  the  normal.  In  a  somewhat  protracted  non- 
fatal poisoning  by  Fowler's  solution,  in  which  the  patient  was 
discharged  on  the  fourteenth  day,  the  temperature  on  the  first 
day  was  98.6°,  on  the  second  day  97.8°  F.,  and  on  the  third  day 
98°. "  In  a-homicidal  case  in  which  the  victim  died  on  the  eighth 
day,  the  temperature  was  "natural"  on  the  first  day,  and  "suh- 
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normal"  on  the  fifth.'  In  a  non-fatal  case  presenting  the 
characteristic  symptoms,  in  which  the  patient  was  discharged  on 
the  ninth  day,  the  temperature  was  99°  F.  on  the  morning  of  the 
second  day,  and  97.5°  on  the  morning  of  the  third.^  In  a  homi- 
cidal case — in  which,  however,  there  were  probably  more  than 
one  administration,  and  in  which  the  death  occurred  on  the  ninth 
day — the  temperature  was  100°  on  the  second  and  sixth  days  and 
"  natural"  on  the  morning  of  the  seventh.^  In  one  case  only  do 
we  find  record  of  a  marked  elevation  of  temperature,  and  in  that 
the  symptoms  departed  widely  from  the  typical  clinical  picture 
of  arsenical  poisoning,  although  there  is  no  reason  to  doubt  that 
arsenic  was  taken.  In  this  poisoning,  from  which  the  patient 
recovered  very  slowly,  the  temperature  on  the  first  day  was  102° 
and  on  the  evening  of  the  eighth  day  104°  F.,  having  been  at 
about  100°  during  the  interval;  on  the  evening  of  the  eleventh 
day  it  was  105°;  on  the  twenty-second  day  it  dropped  to  100° 
and  remained  at  99°-100°  for  five  months.^ 

In  experiments  upon  animals  Tamassia'  observed,  after  in- 
jection of  0.01  to  0.02  gm.  of  arsenic  in  solution,  a  fall  of  one- 
tenth  degree  (Centigrade)  per  minute  in  the  first  two  minutes; 
in  the  following  fifty  minutes  of  one-tenth  degree  every  two 
minutes,  and  in  the  last  eight  minutes  a  fall  of  one-tenth  degree 
per  minute.  The  range  was  from  an  initial  temperature  of 
39.6°  (103.3°  F.)  to  that  at  death  of  36.4°  (97.5°  F.),  a  fall  of 
3.2°  (5.76°  F.). 

Unusual  Symptoms. — In  some  instances  the  convulsions 
exhibit  a  marked  tetanic  character.  Indeed  in  some  of  the  cases 
recorded  the  symptoms  have  so  much  more  closely  resembled 
those  of  strychnin  than  those  of  arsenical  poisoning  that  it  is 
difficult  to  avoid  the  suspicion  that  strychnin  may  not  have 
been  taken  along  with  arsenic. 

Foster"  relates  the  case  of  a  woman  of  thirty-seven  years  who  was 
seized  with  violent  vomiting,  burning  pain  at  the  pit  of  the  stomach, 
constant  tenesmus,  with  dejection  of  mucous  stools.  She  had  violent 
dilirium  and  tetanic  convulsions  of  such  severity  as  to  require  the 

'  Whitford:   Lancet,  1884,  i.,  419.  ■'Stanly:    Amer.     Lancet,     1890, 

2  Day:   N.   Y.   Med.  Jour.,    1885,       n.  s.,  xiv.,  446. 
xli-,  189.  =Friedr.    BL   f.   ger.   Med.,   1878, 

^Durell:  Boston  M.  and  S.  Jour.,      xxix.,  140;  ex  Riv.  sper.  med.-leg., 
1889,  cxxi.,  200.  1876,77. 

»  Lancet,  1840-41,  ii.,  305. 
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efforts  of  four  persons  to  hold  her  in  bed.  The  conjunctivae  were  in- 
tensely injected,  the  eyeballs  fixed  upward  and  the  pupils  from  being 
minutely  contracted  became  much  dilated.  The  mouth  was  dra-wn  in 
all  directions,  exhibiting  a  most  horrid  spectacle.  This  condition  con- 
tinued for  some  minutes,  when  she  became  (luitc  calm  and  died  three 
and  one-half  hours  after  taking  the  poison.  At  the  autopsy  the  mu- 
cous membrane  was  found  intensely  inflamed  and  a  white  powder, 
which  proved  to  be  arsenic,  adherent  to  it  in  places. 

Thompson'  describes  the  non-fatal  poisoning  of  eight  persons  at  the 
same  meal.  All  had  vomited,  and  had  epigastric  pain  and  some  diar- 
rhoea. Two  women  of  about  twenty-five  years  were  in  violent  convul- 
sions in  about  eight  hours  with  the  hands  clenched,  the  feet  spasmodi- 
cally extended,  the  jaws  locked,  and  occasional  opisthotonos.  r)ne  of 
these  women  again  had  tetanic  spasms  early  the  following  morning. 
One  of  the  men,  aged  nineteen  years,  had  tetanic  spasms  on  the  e^^cning 
of  the  first  day  (the  poisoned  meal  was  eaten  at  midday)  and  early  the 
following  morning;  during  the  following  day  he  had  frequent  violent 
tetanic  seizures,  struggling  furiously  at  times  and  requiring  four  men 
to  prevent  him  from  harming  himself. 

Donnelly'  relates  the  case  of  a  girl  of  eleven  years  who  attempted 
to  destroy  herself  with  arsenic,  in  whom,  six  hours  after  taking  the 
poison,  there  were  rigid  spasms  of  the  muscles  of  the  arms  and  legs,  the 
heels  and  tendons  Achillis  being  very  painful.  Arsenic  was  detected 
in  the  urine. 

Jones^  describes  a  case  more  closely  simulating  strychnin  poison- 
ing. A  man  of  twenty-two  years  took  nearly  a  tablespoonful  of  arsenic 
in  cold  coffee  after  a  hearty  meal,  presuming  it  to  be  quinin.  In  five 
minutes  be  suffered  from  dizziness,  slight  distress  in  the  stomach,  great 
swimming  in  the  head,  vertigo,  retching,  slight  vomiting,  slight  gen- 
eral pain,  and  spasms.  During  the  first  hour  he  only  vomited  once,  but 
had  three  or  four  fits  or  spasms  which  grew  more  severe,  it  requiring 
three  men  to  hold  him  in  bed.  Vomiting  was  provoked  by  an  emetic. 
In  the  third  hour  there  were  furious  convulsions,  succeeding  each 
other  rapidly,  so  that  it  w^as  impossible  to  fiex  any  joint  by  force; 
the  jaws  were  locked,  the  patient  entirely  unconscious,  the  tongue 
swollen,  and  the  eyes  bloodshot.  After  hypodermics  of  morphin  there 
were  no  convulsions;  the  spasms  gradually  subsided;  there  was  pro- 
fuse perspiration,  and  six  hours  later  not  a  muscle  moved.  After  a 
peaceful  night's  sleep  he  was  perfectly  conscious  and  complained  only 
of  general  soreness  and  a  painfully  distended  bladder. 

'Northwest.    M.    and    S.    Jour.,  =Pac.  M.  and  S.  Jour.,   1880-81, 

1851-52,  viii.,  89.  xxiii.,  70. 

=  Virg.  M.  Monthly,  1S75,  ii.,  194. 
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Kortum'  gives  an  extended  account  of  the  poisoning  by  a  girl  of  her 
father  and  two  brothers,  in  which,  from  the  moral  evidence  and  from 
the  detection  of  arsenic  in  the  alimentary  canal  of  one  of  the  victims  and 
in  articles  of  food  and  vessels,  it  is  certain  that  arsenic  was  administered, 
probably  upon  three  occasions,  while  the  probability  of  the  accessi- 
bility of  strychnin  at  that  early  date  is  extremely  remote.  The  father 
suffered  from  violent  vomiting,  purging,  and  burning  abdominal  pain 
after  the  first  administration ;  after  the  second,  of  which  he  took  little, 
from  vomiting;  and  after  the  third  from  violent  pain,  after  which  he 
was  seized  with  tetanic  spasms  and  pronounced  opisthotonos.  He 
shrieked  so  loudly  that  the  assistants  fled  in  panic  terror,  and  when 
they  returned  they  found  him  dead.  One  of  the  boys  died  about  an 
hour  afterward  under  similar  circumstances. 

McLeod,^  in  the  year  succeeding  the  discovery  of  strychnin,  re- 
lates the  poisoning  of  three  maidservants  by  arsenic,  in  which  all  three 
suffered  the  characteristic  gastro-enteric  symptoms,  while  two  on  the 
fourth  and  fifth  days  exhibited  marked  tetanic  symptoms,  convulsive 
seizures,  loss  of  speech  and  of  the  power  of  swallowing,  locked  jaws,  etc. 
All  ultimately  recovered. 

Benedict*  reported  the  case  of  a  man  of  33  years,  who  died  in 
general  tremor  with  seminal  emission,  seven  hours  after  having  taken 
a  large  dose  of  arsenic. 

Hofmann'  refers  to  the  case  of  a  girl  who  died  very  rapidly,  having 
shown  strychnin  symptoms.  No  strychnin  was  found  in  the  stomach, 
but  a  notable  quantity  of  arsenic. 

In  a  few  cases  the  delirium  which  is  frequently  observed, 
particularly  in  the  later  stages  of  the  poisoning,  and  in  the 
cerebro-spinal  form,  becomes  very  violent.  Thus  one  of  Mc- 
Leod's  patients,  in  the  instance  jUst  cited,  on  the  evening  of 
the  fifth  day  was  highly  delirious,  insensible  of  her  situation, 
not  knowing  the  attendants,  and  giving  foolish  answers  to  ques- 
tions, and  remained  in  this  condition  until  early  the  following 
morning.  Rademacher*  relates  the  case  of  a  man  of  forty-five 
years  who  during  the  entire  third  and  fourth  nights  was  sleep- 
less and  delii-ious.  He  had  taken  an  ounce  (31  gm.)  of  arsenious 
acid,  but  made  a  slow  recovery. 

In  the  following  case  reported  by  Stanly"  the  mental  condi- 

■  Ztschr.    f.    Staatsarznk.,     1833,  <"Lehrh.      d.     ger.    Med.,"    Ote 

XXVI.,  1-72.  Aufl.,  698. 

2  Edmb.   M.   and   S.   Jour.,    1819,  =  Richm.  and  Louisville  M.  Jour., 

XV.,  5.5.3-.57.  1873,  xv.,  3S3. 

'  Internat.     M.    Mag.,    189S,    vii.,  «  .\mer.  Lancet,  1890,  n.  s.,  xiv., 
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tion  of  the  patient  w;i„s  probaV)ly  due  to  causes  other  than  the 
arsenic : 

A  girl  of  fourteen  years  took  a  large  quantity  of  "rough  on  rats" 
with  suicidal  intent.  When  seen  she  was  actively  delirious ;  tempera- 
ture 102°,  pulse  110,  respiration  25;  abdomen  tender;  stomach  not 
retentive.  In  three  or  four  hours  she  became  maniacal,  struggled 
furiously  with,  and  bit  at,  the  attendants,  using  vulgar  and  abusive 
language,  the  face  flushed,  the  eyes  wild,  and  the  expression  painful. 
She  was  quieted  by  opium.  The  next  day  the  delirium  had  almost 
passed  away,  but  she  was  sullen  and  uncommunicative.  The  bowels 
were  very  loose.  The  subsequent  recovery  was  very  slow,  she  having 
paralyses,  atrophy  of  muscles,  and  othersymptomsof  chronic  arsenical 
poisoning. 

Among  the  symptoms  of  unusual  occurrence  the  following 
may  be  noted: 

Pain  in  the  mouth  and  -pharynx,  which  is  frequently  ob- 
served in  the  later  stages  of  the  poisoning,  has  been  noted  as 
occurring  early  by  Shafer,^  Meriwether,'  Kersten,'  Powell,*  and 
Delarne.'*  In  the  report  last  referred  to,  the  burning  sensation  in 
the  alimentary  canal  is  described  as  being  particularly  in  the 
pharynx.  Clemens  reports  the  ease  of  a  man  who  took  a  large 
quantity  of  arsenic,  in  whom  the  abdominal  pain  was  limited  to 
colic  on  the  second  day,  and  in  whom  the  pain  due  to  excoria- 
tions in  tlie  mouth,  pharynx,  and  tongue  was  the  only  painful 
symptom." 

Salivation  has  been  observed  bj^  Bunnell,^  Greening,*  Og- 
ston,°  Delarne,"  Hamill,"  and  Netolitzky.^^ 

The  voice  is  frequently  hoarse,  and  in  some  cases  there  has 
been  complete  loss  of  the  power  of  speech,^^  or  the  difficulty  of 
articulation  has  been  such  that  only  unintelligible  sounds  or  un- 
connected words  were  uttered.  ^* 

'  Nelson's  North.  Lancet,  1853-.54,  '  London  M.  Gaz.,  1851,  n.  s.,  xii,, 

viii.,  145.  181. 

■'  Transylv.  J.  M.,  1829,  ii.,  233.  ■»  Loc.  cit. 

'  Deutsche  Klin.,  1851,  iii.,  393.  "  Chicago   M.    Exam.,    1865,    vi., 

'  Westm.    Hosp.    Rep.,    1889,    v.,  643. 

215.  '^Prag.    med.    Wchnschr.,     1876, 

°  Journ.     d.     chim.     m6d.,     etc.,  i.,  225. 

1858,  4  s.,  iv.,  107.  i^McLeod:  Edinb.   M.   and   S. 

«  Wurzb.  med.  Ztschr.,  1865,  vi..  Jour.,  1819,  xv.,  553.     Morley:  Br. 

62.  M.  Jour.,  1873,  i.,  88. 

'N.    Y.    Med.    and   Phys.    Jour.,  '*Beck:  Am.  J.  M.  Sc.,  1814,  n.  s., 

1829-30,  n.  s.,  ii.,  114.  i.,     57.     Hartmann:    Cleveland    M. 

»  Lancet,  1835,  i.,  812.  Gaz.,  1859-60,  i.,  201.     Cohn:  Arch. 

f.  Kinderhlk.,  1868,  vii.,  418. 


474  TOXICOLOGY WITTHAIS. 

Disturbances  of  vision  and  audition  have  also  been  observed. 
Intolerance  of  light,  usually  with  dilated  pupils,  has  been  noted 
by  Ramsay,'  Cornish,^  Morton,^  and  Donnelly;''  total  bhnd- 
ness  by  Vogler^  and  Morley;®  strabismus  and  double  vision  by 
Kersten'  and  "disordered  vision"  by  Bridges.^  Tinnitus 
aurium  has  been  observed  by  Schumacher"  and  Roche,'"  and 
total  deafness  was  one  of  the  symptoms  observed  in  the  case 
of  William  Chapman." 

Respiration  is  in  many  instances  seriously  interfered  with, 
particularly  toward  the  approach  of  a  fatal  termination,  and 
death  may  be  due  to  asphyxia.     (See  method  of  death  below.) 

Although  arsenic  has  been  frequently  taken  or  administered 
with  the  view  of  producing  abortion,  and  although  it  has  been 
known  to  bring  on  menstruation  in  non-pregnant  women, '^  in 
one  case  even  in  a  woman  of  fifty  years  who  had  not  menstru- 
ated for  five  years,  '^  many  pregnant  women  who  have  taken  it 
as  an  abortifacient  have  died  from  its  effects  without  its  having 
caused  the  expulsion  of  the  foetus."  In  one  case  reported  by 
Edwards,'^  the  woman  recovered,  and  three  months  later  the 
fcEtus  in  utero  was  vigorous.  In  one  of  Kratter's  cases'^  in  which 
arsenic  trisulfid  was  taken  the  woman  survived  and  was  de- 
livered at  term.  Three  cases  are,  however,  recorded  in  which  the 
woman  died  of  the  poisoning  after  having  been  delivered  of  a 

1  Am.  J.  M.  Sc,  1834,  XV.,  259.  »  Elwell:     "Malpr.    and    Evid." 

2  Lancet,  1849,  i.,  35.  (1860),  505  (Peo.  v.  Eldridge);  six  to 
^  M.     Reptr.     W.     Chester,    Pa.,       eight  weeks,  death.     Paterson:  Ed- 

1S55,  iii.,  55.  inb.  M.  J.,  1S57,  iii.,  393  (Case  III.), 

*Pac.   M.  and  S.  Jour.,  1880-81,  three  months,  death.     Lesser:  "Atl. 

xxiii.,  70.  d.  ger.  Med.,"  89,  about  four  months, 

^  Ztschr.    f.    Staatsarznk.,    1846,  death.     Paterson:    hoc.    cit..    (Case 

Hi.,  276.  I.),   five  months,   death.     De   Bar- 

0  Brit.  M.  Jour.,  1873,  i.,  88.  tolome:    Prov.    M.    and    S.    Jour., 

'  Deut.  Klin.,  1851,  iii.,  393.  1849,  72,  five  to  six  months,  death. 

« Am.  Med.  Bi-monthly,  1879,  x..  Beck:    Am.    Jour.    M.    Sc,    1841, 

298.  n.    s.,    i.,    57;    six    months,    death. 

»  Wien.    med.    Presse,    1868,    ix.,  Taylor:  Guy's  Hosp.  Rept.,  1850-51, 

11-  n.  s.,  vii.,  186;  eighth  month,  death. 

'"BulLSoc.mM.del'Yonne,  1871,  Greaves:    London    M.    Gaz.,    1850, 

xii-,  59.  n.  s.,  X.,  677;  ninth  month,  death. 

"  Trial  of  Lucretia  Chapman,  Du  Taylor:  "Med.  Jur.,"  11th  ed.,  542. 

Bois'  report,  p.  33.  Kratter:  Vrtljschr.f.ger.  Med.,  1902, 

'"  "  Med.-ger.  Beobacht.,"  1789,  ii.,  3  P.,  xxiii.,  7;  two  cases.  Lewin  and 

361.     Taylor:    Guy's    Hosp.   Rep.,  Brenning:    "Fruchtabtr.,"   p.     171 

1837,   ii.,   77.     Demuth:  Ver.-Bl.  d.  (Case  5); 
ptalz.  Aerzte,  1887,  iii.,  153.  i=  London    M.    and    Phys.    Jour., 

'2  Ramsay:  Am.  J.   M.  Sc,  1834,  1823,  Ixix.    117 
XV.,  260.  16  Loc.  cit. 
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living  child.'  In  a  case  in  which  arsenic  was  introduced  into 
the  vagina  of  a  woman  eight  months  pregnant,  for  the  purpose 
of  producing  abortion,  both  mother  and  child  were  s«,ved.-  In 
four  other  cases  of  similar  administration  the  women  died, 
having  previously  aborted.^  In  five  cases  of  administration  bj^ 
the  mouth  the  woman  aborted  and  died  in  from  half  an  hour  to 
one  month  afterward.*  In  but  four  instances  in  thirty-three  re- 
ported cases  did  the  women  abort  and  survive.^  In  two  cases  the 
women  were  not  pregnant.* 

Acute  arsenical  poisoning  is  frequently  followed  and  some- 
times preceded  by  chronic  symptoms.  Even  when  a  single 
large  dose  has  been  taken,  the  acute  poisoning  has  gradually 
merged  into  a  chronic  form  in  which  death  has  finally  resulted 
or  from  which  a  slow  recovery  has  been  made.^  A  similar  con- 
dition might  be  produced  by  the  administration  of  a  large, 
though  non-fatal  dose  followed  by  smaller  quantities  repeated 
at  intervals.  The  occurrence  of  acute  symptoms  following 
those  of  chronic  poisoning  indicates  the  administration  of  a 
larger  dose  to  a  person  already  under  the  influence  of  arsenic 
either  by  previous  repeated  small  doses,  by  exposure  to  the  in- 
halation of  arsenical  fumes,  or  otherwise.  A  case  of  this  char- 
acter was  the  subject  of  inquiry  in  Germany.' 

When  arsenic  is  applied  to  the  skin  or  when  it  is  introduced 
by  a  channel  other  than  the  mouth,  the  symptoms  are  the  same, 
with  the  addition  of  other  manifestations  due  to  its  local  action. 
When  it  is  applied  to  the  head  or  neck  the  face  swells  greatly, 
and  there  is  severe  pain  at  the  point  of  application  and  in  neigh- 
boring parts,  with  the  formation  of  a  well-defined  slough.  Local 
paralysis  of  neighboring  parts  has  been  observed.^  If  the  surface 
of  skin  acted  upon  by  a  strong  solution  be  extensive,  the  burns 

'  Christison:     Edinb.    M.    and    S.  i.,     348.     Fagerlund:     Vrtljschr.    f. 

Jour.,     1828,     xxix.,     23.     Brown:  ger.  Med.,  1894,    3  P.,  viii.,  Suplh. 

Assoc.  M.  Jour.,  London,  1853,  878.  68     (trisulfid).     Kratter:     loc.     cit. 

Elwell:  "Malpr.  and  Evid."  (I860"),  Hedr6n:     loc.    cit.     Stich:     Munch. 

501  (Rex  V.  Wishart).  med.  Wchnschr.,  1901,  xlviii.,  425. 

'  Schallgruber:    Ztschr.  f.  Staats-  ^  Filomusi-Guelfi:     Ann.   univ.   di 

arznk.,  1825,  Erg.-hft.  iv.,  302.  med.   e   chir.,    1888,    cclxxxi.,   401. 

"  Brisken:    Vrtljschr.  f.  ger.  Med.,  Hedr^n:  loc.  cit. 

1864,  XXV.,  110.    Edling:  Deut.  Klin.,  «  Hedr^n,  Haberda:  loc.  cii. 

1873,    xli.,    381.    Kratter:    loc.    cit.  '  See  p.  508. 

Hedr^n:  Vrtljschr.  f.  ger.  Med.,  1905,  '  Virtljschr.  f.  ger.  Med.,  1871,  n. 

3  F.,  xxix.,  Suplh.,  56;     See  also  p.  F.,  xiv.,  1. 

432.  "Prentiss:  Therap.  Gaz.,  Detroit, 

*  London  Med.  Repos.,  1824,  n.  s.,  1892,  3  s.,  viii.,  105. 


476  TOXICOLOGY — WITTHAUS. 

may  become  quite  as  important  an  agency  in  causing  death  as 
the  toxic  action  of  the  absorbed  poison.'  When  applied  to  or 
about  the  scrotum,  the  cuticle  separates  and  the  testes  enlarge 
and  become  extremely  painful.-  When  introduced  into  the 
vagina,  local  inflammation,  ulceration,  and  vaginal  discharge 
are  added  to  the  usual  symptoms.^ 

Mode  of  Death. — Death  from  acute  arsenical  poisoning 
usually  occurs  either  from  exhaustion  and  heart  failure,  in  col- 
lapse, or  in  coma  from  central  paralysis,  according  as  the  gastro- 
enteric or  the  cerebro-spinal  action  predominates.  In  such 
cases  the  death  is  gradual,  easy,  and  quiet,  however  much  the 
patient  may  have  previously  suffered.  Instances,  however,  are 
by  no  means  infrequent  of  deaths  from  arsenic  attended  by  vio- 
lent manifestations.  Cases  in  which  death  has  occui-red  during 
violent  convulsions  have  been  reported  by  Crowfoot,*  Coates,^ 
Ryan,"  Paterson,'  Friedreich,*  and  others.  Deaths  during  vio- 
lent paroxysms  of  pain,  consciousness  remaining  perfect  to  the 
last,  have  been  recorded  by  Kaiser,*  Grabadier,'"  and  Colting." 
On  the  other  hand,  Wright'-  relates  the  case  of  a  woman  who 
died  in  sleep  four  hours  after  having  taken  an  ounce  (31  gm.)'of 
white  arsenic.  Death  in  several  cases  has  occurred  suddenly  and 
unexpectedly.  Thus  Christison'^  reports  the  case  of  a  girl  of 
fourteen  years  who  suddenly  became  blue  in  the  face,  seemed  to 
be  fainting,  and  expired  without  a  struggle;  Taylor"  that  of  a 
woman  of  twenty-five  years  who  sat  up  in  bed,  and,  while  in  the 
act  of  drinking,  had  a  slight  convulsive  fit,  and  died  almo.st  in- 
stantly; Dymock"^  that  of  a  woman  of  twenty-five  years  who 
walked  across  the  room  unassisted,  sat  down,  slipped  to  the  floor, 

'Ingerslev:    Virch.-H.  Jbt.,  1867,  '  Edinb.    M.    J.,    lSo7,    iii.,   394, 

i.,  432.     See  also  cases  cited  in  notes  395  (two  cases). 

9,  p.  433   and  1,  p.  434.  « Friedr.    Bl.    f.   ger.    Med.,   lS(i2, 

^Michell:   Med.  Times  and   Gaz.,  xiii.,  353. 

185a,  n.  s.,  vii.,  62.  »  Ztschr.     f.     Staatsarznk.,     1S27, 

^  Schallgruber:    Ztschr.    f.  Sts-  xiii.,  264. 

arznk.,  1825,  Ergh.,  iv.,  302.  Brisken:  i»  Oest.  Ztschr.  f.  prk.  Hlk.,  1866, 

Vrtljschr.,  f.  ger.  Med.,  1S64,  xxv.,  xii.,  172. 

110.    Haberda:  Wien.  kl.  Wchnschr.,  "Boston   M.   and   S    Jour     1S3S, 

1897,  X.,  201.     Stich:  Munch,  med.  xviii.,  78. 

Wchnschr.,       1901,      xlviii.,      425.  '^  Lancet,  1829,  ii.    612 

Hedrfe:     Vrtljschr.     f,     ger.     Med.,  '^  Tr.  M.-Chir.  Soc.,  Edinl).,  1826, 

1905,  3  F.,  XXIX.,  Suph.  .56.  ii.,  298. 

J  Med.  and  Phys.  Jour.,  London,  '■*  Guy's  Hosp.  Rep.,  1S37,  ii.,  68. 

1815,  xxxiv.   441.  .5  Edinb.    M.   and   S.  Jour.,  1843, 

-  London  M.  Gaz.,  1S37,  xx.,  308.  lix     350 

"Lancet,  1S51,  i.,  410. 
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was  put  to  bed  again,  and  died  without  a  struggle;  Wormley' 
that  of  a  man  of  seventy  years  who  got  up  to  stool  alone  and  fell 
dead,  so  that  at  the  time  the  death  was  attributed  to  apoplexy; 
and  Graham^  that  of  a  woman  who  had  been  treated  for  cancer 
of  the  breast  by  a  quack,  who  called  out  suddenly  "there  it  is 
again"  (meaning  a  paroxysm  of  pain),  went  into  a  fit,  and  died 
immediately. 

In  some  cases  death  is  due  to  asphyxia.  Thus  in  the  case 
of  Soufflard^  during  the  last  hours  the  interference  with  respira- 
tion was  the  predominant  phenomenon;  two  hours  before  death 
the  symptoms  of  asphyxia  declared  themselves  in  the  highest 
degree;  and  in  the  last  moments  there  were  no  convulsions,  no 
cerebral  symptoms,  nor  any  disorder  of  the  nervous  system. 

Death  may  also  result  from  secondary  effects,  the  arsenical 
poisoning  being  the  remote  but  not  the  immediate  cause.  Thus 
the  case  is  reported*  of  a  man  who  was  found  dead,  hanging 
partly  out  of  a  window;  he  had  vomited,  the  mouth  was  open 
and  the  face  blue.  Arsenic  was  proved  to  have  been  adminis- 
tered and  the  stomach  was  found  inflamed,  but  a  ruptured 
aneurysm  of  the  aorta  was  also  discovered  at  the  autopsy. 

Diagnosis. 

As  acute  arsenical  poisoning  does  not  present  any  symptom 
peculiar  to  itself,  unless  it  be  the  existence  of  arsenic  in  the 
urine,  diseased  conditions  arising  from  natural  causes,  particu- 
larly those  affecting  the  alimentary  canal,  which  present  re- 
semblances to  the  effects  of  arsenic,  frequently  render  a  posi- 
tive diagnosis  difficult,  if  not  impossible,  from  the  symptoms 
alone. 

Acute  Gastritis,  Enteritis,  and  Gastro -enteritis. — Catarrhal 
inflammation  of  the  intestines  is  of  frequent  occurrence.  In  its  dif- 
fuse form  affecting  the  whole  or  nearly  the  whole  alimentary  canal, 
it  is  usually  not  an  essential  disease,  but  is  symptomatic,  as  an  ac- 
companiment of  measles,  scarlet  fever,  cholera,  etc.  When  the 
inflammation  is  limited  to  the  lower  small  intestine  and  upper 
large  intestine  (ileo-colitis),  to  the  duodenum  (duodenitis),  or  to 

'  Ohio  M.  and  S.  Jour.,  1863,  xv.,  =  James:    Bull.  Ac.  M6d.,  1838-39, 

467.  iii.,  664. 

2  Glasgow   M.   Jour.,    1868-69,   n.  ■■  Mag.     f.   ger.   Arzneiwis.,    1832, 

s.,  i.,  56.  i.,  222. 
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portions  of  the  lower  intestine  (typhlitis,  appendicitis,  proctitis), 
the  diagnosis  may  be  easily  made  from  the  history  of  the  onset, 
the  existence  of  high  temperature  and  other  febrile  symptoms, 
the  localization  of  the  pain,  the  absence  of  pain  in  the  throat, 
and  the  duration  and  course  of  the  disease. 

It  is  now  generally  conceded  that  idiopathic  gastritis  and 
gastro-enteritis  do  not  occur,  that  when  they  exist  they  are  the 
results  of  some  obvious  cause,  to  the  action  of  a  thermal,  me- 
chanical, or  chemical  irritant  or  corrosive.  The  theory  or  pos- 
sible idiopathic  gastro-enteritis  is,  however,  frequently  ad- 
vanced by  the  defense  in  cases  of  alleged  homicide  by  arsenic. 
Taylor'  states  that  "the  case  of  Reg.  v.  Hunter  (Liverpool 
Spring  Assizes,  184.3)  was  successfully  defended  on  the  theory 
of  gastro-enteritis  from  natural  causes,  in  spite  of  the  strongest 
suspicions  that  arsenic  was  the  cause  of  death."  In  the  May- 
brick  case  one  of  the  witnesses  for  the  defense  expressed  the 
opinion  that  gastro-enteritis  might  be  produced  by  "getting 
wet."= 

It  being  conceded  that  gastro-intestinal  inflammation  does 
not  arise  spontaneously,  the  differentiation  of  causes  becomes 
the  only  important  point  of  diagnosis.  Thermal  causes,  such  as 
overheated  fluids,  or  even  large  quantities  of  ice-water  in  some 
cases,  are  most  unusual.  The  former  would  produce  scalds  in 
the  mouth  and  lips  if  sufficiently  hot,  and  the  history  of  the 
taking  of  either  would  usually  be  clear. 

Gastro-enteritis  produced  by  mechanical  irritants  presents 
symptoms  practically  identical  with  those  of  arsenical  poison- 
ing.    Maschka^  relates  the  following  case: 

J.  B.  on  April  13th  mixed  about  a  tablespoonful  of  pounded  glass 
in  coffee  which  was  taken  by  R.  F.,  a  woman  of  seventy-six  years. 

'  "Poisons,"  3d  Am.  ed.,  97.  teritis,  this  acute  inflammation, 
"  Dr.  McXamara,  of  Dublin,  in  the  may  be  produced  in  the  stomach 
Maybrick  case  testified  for  the  de-  and  bowels?  A.  That  I  think  is  the 
fense  that  gastro-enteritis  may  be  evidence  I  have  given"  In  this 
produced  without  the  introduction  opinion  Dr.  McNamara  differs  from 
of  any  substance  from  the  outside.  Professor  Tidy,  also  called  for  the 
In  answer  to  a  question  he  said:  "I  defense,  from  all  the  medical  wit- 
can  perfectly  believe  that  a  wetting,  nesses  called  for  the  crown,  and 
coupled  with  neglect  of  precautions  from  all  writers  upon  the  subject 
and  a  weak  stomach  and  circulation,  of  whom  we  have  knowledge, 
may  produce  these  consequences.  '"Samml.  ger.  Gutacht.  Prag. 
Q.  Then  do  you  mean  to  say  that  by  med.  Fak.,"  1858,  ii.,  213. 
getting  wet  this  illness  of  gastro-en- 
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After  she  had  drunk  the  coffee  and  noticed  a  considerable  glassy  sedi- 
ment, she  was  seized  with  abdominal  pain  and  diarrhosa,  which  ceased 
toward  the  morning  of  the  14th.  On  the  15th  he  again  mixed  two  table- 
spoonfuls  of  pounded  glass  in  a  soup  of  which  R.  F.  took  a  part  and 
again  noticed  the  peculiar  sediment,  which  she  collected  and  sub- 
mitted to  the  authorities.  On  the  night  of  the  15th  and  16th  she  suf- 
fered severe  abdominal  pain  and  had  a  frequent  diarrhoea.  On  the 
17th  she  complained  of  headache,  vertigo,  loss  of  appetite,  and  increased 
thirst.  The  tongue  was  dry  and  coated  white;  the  epigastrium  \-ery 
tender  to  the  touch;  the  abdomen  distended  and  painful;  the  urine 
voided  only  in  drops;  the  skin  dry;  and  the  pulse  small  and  irregular. 
On  the  18th  the  diarrhoea  was  diminished,  the  pains  less,  and  the  symp- 
toms gradually  improved  until  she  was  completely  restored  to  health 
April  27th.  The  sediment  was  found  on  examination  to  be  coarsely 
powdered  glass. 

The  effects  of  other  chemical  irritants  and  corrosives  may  be 
distinguished  from  those  of  arsenic  by  the  existence  of  other 
attendant  symptoms,  salivation  and  pain  in  the  mouth  in  the 
case  of  mercurials,  corrosion  of  the  mouth  and  lips  by  the  cor- 
rosives, lumbar  pain  in  poisoning  by  oxalic  acid,  the  appear- 
ance of  the  urine  and  of  stains  with  carbolic  acid,  the  luminous 
appearance  of  the  vomit,  and  the  garlic  taste  in  the  mouth  with 
phosphorus,  etc.  It  is  clear  that  the  diagnosis  is  made  positive 
by  the  detection  of  one  or  another  of  these  poisons  in  the  urine 
or  vomit,  by  an  analysis  conducted  with  proper  precautions,  in 
the  absence  of  its  medicinal  administration. 

Gastro-enterie  symptoms  are  produced  by  poisonous  foods, 
sausage,  mussels,  decayed  fish,  meat,  etc.,  and  cheese.  In 
these,  however,  a  number  of  persons  are  usually  attacked  simul- 
taneously, and  the  source  of  the  poisoning  is  directly  suspected; 
the  interval  preceding  the  manifestation  of  sj'mptoms  is  usually 
longer  than  with  arsenic,  and  with  all,  except  in  some  cases  of 
cheese  poisoning,  there  are  nervous  symptoms  and  effects  upon 
the  eye  which  are  not,  or  but  most  exceptionally,  met  with  in 
arsenical  poisoning.  Cheese  poisoning,  which  more  nearly  re- 
sembles arsenical  poisoning,  although  frequently  attended  with 
very  severe  symptoms,  has,  so  far  as  we  know,  been  fatal  in 
one  case  only,  that  of  a  child  of  three  years  who  was  poisoned 
along  with  four  other  persons.* 

'  Glasel:  Ugeskr.  f.  Lager,  Kjobenh.,  1879,  3  R.,  xxvii.,  309. 
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In  a  homicidal  case'  in  which  the  arsenic  was  administered 
spread  upon  cheese,  which  was  described  as  spoiled  and  stink- 
ing, and  in  which  neither  symptoms  nor  post-mortem  appear- 
ances were  well  marked,  Hofmann  very  properly  considered 
cheese  poisoning  as  a  possible  factor  in  the  cause  of  death. 

Asiatic  Cholera. — Although  the  statement  of  Taylor^  to 
the  effect  that  the  symptoms  with  arsenic  and  other  irritant 
poisons  are  wholly  different  from  those  of  Asiatic  cholera,  ex- 
cepting the  intense  thirst  which  is  present  in  both,  is  true  so  far 
as  it  relates  to  the  ordinary  type  of  arsenical  poisoning  either 
in  its  gastro-enteric  or  its  cerebro-spinal  form,  it  does  not  hold 
good  with  regard  to  the  rapidly  fatal  variety,  designated  as  as- 
phyxia arsenicalis,  which  in  many  respects  bears  a  striking  re- 
semblance to  an  attack  of  Asiatic  cholera.  In  cholera,  how- 
ever, purging  usually  precedes  vomiting  in  time,  which  is  never 
the  case  with  arsenical  poisoning.  The  stools  in  cholera  rap- 
idlj^  assume  the  characteristic  "rice-water"  appearance — liquid, 
whitish,  grumous,  resembling  whey  or  a  decoction  of  rice  or 
meal,  nearly  clear,  exceptionally  tinged  with  blood  or  bile,  and 
emitting  an  insipid  spermatic  odor,  and  are  discharged  in  an 
almost  continuous,  involuntary  jet.  These  differ  entirely  from 
the  usual  feculent,  highly  colored,  fetid  stools  of  arsenical  poi- 
soning, discharged  with  straining  and  tenesmus.  Nevertheless 
cases  of  arsenical  poisoning  in  which  the  alvine  discharges  have 
assumed  the  "rice-water"  character  have  been  reported  by 
Wyss,«  Taylor,*  Wilks,=  Fox,"  Headland,^  Storer,^  and  Gaird- 
ner.°  Of  these  cases  Headland's  recovered,  Storer's  died  in 
thirty-six  hours,  and  the  others  died  in  fourteen  and  one-half 
hours  or  less.  In  cholera  the  voice  has  a  pecuHar,  rough,  whis- 
tling tone  (vox  cholerica)  which  has  been  observed  in  arsenical 
poisoning  but  once.'"  According  to  Tardieu,''  the  eruption  in 
cholera  is  limited  to  the  forms  of  roseola,  erythema,  or  urticaria, 

'  Case  of  Franciska  Schmidmaier,  '  Ibid.,  p.  697. 

Friedreich's  Bl.  f.  ger.  Med.,  1862,  «  Boston  M.  and  S.  Jour.,   1841, 

xiii.,   353;   Ztschr.   f.   Staatsarznk.,  xxiii.,  345. 

1864,  Ixxxvii.,  260.  »  Edinb.   M.   and  S.  Jour.,   1829, 

^"Poisons,"  3d  Am.  ed.,  94.  xxxii.    305. 

»  Arch.  d.  Heilk.,  1870,  xi.,  15.  ">  Maclagan:   London  and  Edinb. 

*  Guy's  Hosp.  Rep.,  1851-52,  2  s..  Monthly  J.  M.  Sc,  1852,  xiv.,  132. 

V"-.  194.  11  "Empoisonnement,"  2^me  ed., 

=  Ibid.,  1855,  3  s.,  i.,  364.  369 

"  Lancet,  1848,  ii.,  503. 
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while  in  arsenical  poisoning  it  takes  on  the  most  manifold  forms, 
and  to  it  the  petechial  form  belongs  almost  exclusively. 

In  cases  of  death  the  diagnosis  may  be  established  by  the  re- 
sults of  the  autopsy.  After  death  from  arsenic  the  venous  con- 
gestion which  is  observed  in  cholera  cadavers  is  not  present. 
The  serous  surfaces  after  death  from  cholera  are  found  coated 
with  a  sticky,  viscid  exudation,  which  is  absent  after  death  from 
arsenic.  The  blood  in  the  vessels  of  those  who  have  died  from 
cholera  is  thicker  than  normal,  usually  contains  small  clots, 
coagulates  slowly,  and  the  separation  into  clot  and  serum  is  very 
imperfect.  Virchow'  has  described  coagula  found  in  the  heart 
in  cholera,  which  extend  from  the  right  heart  into  the  pulmonary 
artery,  and  from  the  pulmonary  veins  into  the  left  heart." 
Arsenical  poisonings  simulating  cholera  are  rapidly  fatal  cases 
resulting  from  the  ingestion  of  large  doses,  a  notable  proportion 
of  which  is  found  in  the  stomach.  Hoffmann^  reported  three 
such  cases  in  one  of  which  only  eleven  hours  elapsed  between 
the  taking  of  the  poison  and  the  autopsy. 

If  the  cholera  bacillus  of  Koch  were  peculiar  to  cholera  it  is 
clear  that  its  identification,  either  ante-  or  post-mortem,  would 
prove  the  existence  of  that  disease. 

It  is  only  during  epidemics  of  cholera,  or  in  India  where  it 
is  endemic,  that  a  diagnosis  between  it  and  arsenical  poisoning 
is  of  interest,  but  instances  are  not  wanting  in  which  poisoners 
have  availed  themselves  of  a  cholera  epidemic  to  more  safely 
murder  by  arsenic. 

Jackson''  makes  mention  of  the  exhumation  in  1858  of  the  body  of 
a  man  who  died  in  1849  of  a  disorder  supposed  to  have  been  Asiatic 
cholera,  in  which  an  abundance  of  arsenic  was  found.  The  finding 
of  arsenic  in  the  cadaver  of  another  supposed  victim,  who  died  in  1850, 
led  to  this  investigation. 

Niemann^  gives  an  account  of  the  case  of  Bernh.  Hartung,  who  was 
executed  for  having  poisoned  his  aunt  during  a  cholera  epidemic.  His 
first  wife  and  mother-in-law  had  died  during  a  previous  outbreak,  and 
his  second  wife  twenty  months  after  the  first,  having  suffered  from  the 
symptoms  of  arsenical  poisoning.  The  bodies  of  the  aunt  and  second 
wife  were  exhumed;  four  and  one-half  grains  (0.28  gm.)  of  arsenic 

'  Med.    Reform,  1849,  No.  12,  82.  *Extr.    Rec.  See.  M.  Impr.,  Bos- 

"See  Kraus:    Friedreich's   Bl.  f.  ton,  1859,  iii.,  291. 
ger.  Med.,  1888,  xxxix.,  278.  '  Ztschr.    f.    Staatsarznk.,     1862, 

'  Virchow's  Arch.,    1870,  L,  455.  Ixxxiv.,  153. 
IV.— 31 
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trioxid  were  obtained  from  the  stomach  of  the  former,  and  6 .  08  grains 
(0.38  gm.)  from  the  cadaver  of  the  latter.  Keber'  describes  a  case  of 
homicidal  poisoning  by  arsenic  of  a  person  suffering  from  Asiatic  chol- 
era, in  whose  cadaver  both  arsenic  (although  in  small  quantity)  and 
the  lesions  of  cholera  were  found.  In  this  case  it  was  difficult  to  de- 
cide which  was  the  cause  of  death.  The  defendant  was  convicted  of 
an  attempt  to  murder. 

Tardieu^  relates  the  case  of  a  young  girl  who  was  supposed  to  have 
committed  suicide  by  taking  an  arsenical  green  during  the  cholera  epi- 
demic of  1849.  The  autopsy  and  analysis  showed  that  she  had  died  of 
the  disease  and  not  of  poison. 

In  the  case  of  the  Due  de  Praslin,  who  committed  suicide  by  taking 
a  large  dose  of  arsenic,  the  symptoms  were  at  first  attributed  by  the  at- 
tending physicians  to  an  attack  of  cholera.^ 

Taylor*  also  cites  the  cases  of  Reg.  v.  Chesham  (1847)  and  Reg.  v. 
Foster  (1847)  in  which  arsenical  poisoning  was  mistaken  for  cholera, 
and  the  fact  of  poisoning  remained  concealed  until  an  analysis  was 
made. 

Cholera  Morbus — Cholera  Nostras. — The  diagnosis  between 
this  disorder  and  arsenical  poisoning  is  more  difficuft  than  in  the 
case  of  Asiatic  cholera,  and  it  is  questionable  whether  a  positive 
distinction  can  be  made  from  the  symptoms  alone.  Cholera 
morbus  occurs  in  the  summer  and  autumn,  usually  follows  some 
indiscretion  of  diet,  and  does  not  attack  all  or  several  persons 
eating  of  the  dish  or  article  of  food  which  provokes  the  outbreak. 
It  is  very  rarely  fatal  except  in  the  ver}-  young  and  the  very  old, 
and,  when  it  is  fatal,  death  only  occurs  in  three  or  four  days  from 
exhaustion,  while  in  that  form  of  arsenical  poisoning  whose 
symptoms  simulate  those  of  cholera  death  follows  rapidly, 
usually  in  less  than  twenty-four  hours.  In  cholera  morbus, 
moreover,  the  throat  symptoms  usually  observed  in  arsenical 
poisoning  are  absent.  The  detection  of  arsenic  in  the  urine, 
vomit,  or  dejecta  is  the  only  ground  for  a  positive  diagnosis. 

Peritonitis. — The  onset  of  peritonitis  resembles  that  of 
arsenical  poisoning.  There  is  usually  no  initial  rigor.  Pain, 
severe,  burning  or  boring  in  character,  at  first  located  in  some 
particular  part  of  the  abdomen,  rapidly  extends  over  a  large 

■  Vrtljschr.    f.    ger.    Med.,    1S63,  '  J.    des    conn,    m^d.-chir.,    Oct., 

XXIV.,  131.  1847.     Reprint. 

^"Empoisonnement,"    2eme    ed.,  '  "Poisons,"  3d  Am.  ed.,  96. 
36. 
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area;  vomiting,  great  thirst,  diminished  or  suppressed  urine, 
cramps  in  the  legs  are  common  to  both.  The  chief  points  of 
distinction  during  hfe  are  the  localization  of  the  early  pain  in  the 
abdomen  elsewhere  than  in  the  region  of  the  stomach;  the  al- 
most constant  occurrence  of  constipation,  the  absence  of  throat 
symptoms,  the  rapidly  increasing  tympanites  producing  a  deep 
resonant  note  on  percussion,  and  great  diminution  of  the  normal 
dullness  of  the  liver  and  spleen,  arjd  sometimes  an  elevation  of 
temperature  in  peritonitis. 

The  autopsy  will  remove  all  doubt;  the  injection  of  the 
peritoneum,  sometimes  very  intense,  extravasations,  the  thin 
grayish-yellow  coating  of  plastic  lymph  covering  and  in  places 
causing  adhesions  of  the  peritoneal  surfaces,  and  the  serum  col- 
lecting in  the  peritoneal  cavity  to  a  greater  or  less  extent  in 
peritonitis  are  not  observed  after  death  from  arsenic.  Moreover, 
peritonitis  is  almost  invariably  the  result  of  a  cause  detectable 
at  the  autopsy:  a  perforation  of  the  stomach  or  intestine,  rup- 
.ture  of  a  hydatid  cyst  of  the  liver,  strangulated  hernia,  cancer, 
cystic  and  other  tumors,  tubal  or  abdominal  pregnancy,  etc.,  or 
of  an  altered  condition  of  the  blood,  as  in  septicaemia,  pyaemia, 
Bright's  disease,  small-pox,  and  other  eruptive  fevers.' 

Intussusception — Ileus. — Although  these  disorders,  due 
either  to  the  invagination  of  one  portion  of  the  intestine  into 
another  or  to  its  strangulation  within  the  abdomen,  are  attended 
by  the  most  obstinate  constipation,  Taylor  states^  that  in  one 
case  at  least  intussusception  in  an  infant  was  mistaken  for  ar- 
senical poisoning,  and  the  mistake  nearly  led  to  the  conviction 
of  the  mother  and  grandmother  of  the  child  on  an  unfounded 
charge  of  murder  (Reg.  ■;;.  Dore  and  Spry,  Central  Criminal 
Court  August  28th,  1848). 

Method  of  Action. 

The  views  of  authors  concerning  the  corrosive  action  of  ar- 
senic have  differed  widely  at  different  times.  The  older  writers 
attributed  to  it  a  corrosive  power  but  little  inferior  to  that  of  the 
mineral  acids.  In  the  Affaire  Mercier  in  1839,  Rognetta^  ad- 
vanced as  one  of  the  reasons  in  opposition  to  the  theory  of  ar- 

'  See  also  Schuchardt,  in  Masch-  ^  "Poisons,"  3d  Am.  ed.,  99. 

ka's   "Handb.,"  ii.,   34  #.  Tardieu  '  Gaz.  d.  hop.,  1839,  2  s.,  i.,  581. 

and   Roussin:    "Empoisonnement," 
2eme  ed.,  28. 
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senical  poisoning  that  there  was  no  cauterization  of  the  mouth 
and  tongue  of  the  deceased,  which  he  claimed  to  occur  as  a 
characteristic  of  arsenical  poisoning.  At  a  later  date  Taylor 
held  the  opposite  view:  that  arsenic  is  not  a  corrosive.  Concern- 
ing it  he  says:  "Arsenic  is  an  irritant  poison;  it  has  no  decided 
chemical  or  corrosive  action  on  the  animal  tissues,  and  the 
changes  met  with  in  the  stomach  and  bowels  of  a  person  poi- 
soned by  it  are  referable  to  the  effects  of  inflammation.  I  have 
not  found  that  arsenic  produces  any  effect  on  dead  mucous 
membrane."' 

The  truth  lies  between  these  extreme  views.  While  arsenic 
is  not  a  corrosive  in  the  sense  in  which  we  have  used  the  word,^ 
since  it  does  not  produce  death  by  its  chemical  action  upon  a 
tissue  with  which  it  comes  in  direct  contact,  but  always  as  a 
true  poison — that  is,  after  entrance  into  the  blood,  and  by  its 
subsequent  action  upon  tissues,  including  the  alimentary  canal, 
to  which  it  is  carried  by  the  circulation — it  certainly  does  exert 
a  local  chemical  action,  particularly  when  swallowed  in  the 
solid,  crystalline  form,  and  does  produce  alterations  in  dead 
mucous  membranes  as  well  as  in  living.  Its  corrosive  action  is, 
however,  secondary  to,  and  independent  of,  those  powers  which 
render  it  so  powerful  a  poison.^ 

The  local  chemical  action  of  arsenic  has  been  utilized  from 
early  times  in  the  various  depilatory  and  escharotic  preparations 
of  which  it  is  an  ingredient:  Pulvis  arsenicalis  Cosmi,  Dupuy- 
tren's  caustic  powder,  Plunket's  caustic.  Hunter's  caustic, 
Rousselot's  powder,  Esmarch's  paste.  Sir  Astley  Cooper's  oint- 
ment, Marsden's  mucilage,  and  Hebra's  caustic — all  contain  ar- 
senic in  the  form  of  the  trioxid.  When  applied  to  the  skin  it  pro- 
duces a  pustular  eruption  and  severe  pain.  Thus  Wagner*  relates 
a  fatal  poisoning  of  a  man  of  twenty-five  years  caused  by  washing 
the  entire  body  with  a  solution  of  arsenic  trioxid.  It  immedi- 
ately produced  severe  pain  all  over  the  body,  as  if  the  person 
were  laid  on  a  fire  or  upon  needles,  which  constantly  increased  in 
spite  of  the  external  appHcation  of  remedies,  and  over  most  of 
the  body  the  cuticle  was  raised  in  blisters.     Tardieu^  quotes  an 

■  "Poisons,"  2d  ed.,  1859,  355;  3d  «  Wchnschr.  f.  d.  ges.  Hlk.,  1839, 

Am.  ed.,  1875,  288.  viii.,  213. 

^  See  Definition,  p.  51.  =  "Empois.,"  2eme  ed.,  p.  458. 

^  See  Mittenzweig:  Ztschr.  f.  Med.- 
Beamte,  1890,  iii.,  175,  460. 
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almost  parallel  case  in  a  woman  of  fifty  years  from  Belloc.  Where 
arsenic  is  applied  to  mucous  membranes  it  produces  a  local 
inflammation,  followed  by  the  formation  of  a  well-defined 
eschar.  This  has  been  repeatedly  noted  in  the  cases  of  extra- 
gastric  administration  already  cited  (see  p.  475),  and  in  some 
instances  in  the  mouth  when  arsenic  has  been  swallowed;  not 
only  as  a  late  symptom  and  in  chronic  poisoning,  but  also,  as  in 
the  case  of  Soufflard,  who  poisoned  himself  with  12  gm.  of  arsenic, 
as  one  of  the  earliest  manifestations.  Dr.  James,  who  saw  him 
very  shortly  after  he  took  the  poison,  says  that  the  lower  lip  was 
strongly  cauterized  and  extremely  painful  to  the  touch.'  All 
doubt  as  to  the  nature  of  the  poison  taken  is  removed  by  the  fact 
that  Orfila  separated  from  the  stomach,  liver,  etc.,  of  Soufflard 
a  quantity  of  arsenic  such  that  he  estimated  the  amount  ab- 
sorbed at  four  to  five  grains.  At  the  post-mortem  also,  the 
gums,  inner  surface  of  the  cheeks,  palate,  fauces,  uvula,  were 
found  to  be  bright  red;  the  lower  lip  strongly  cauterized,  of  double 
its  natural  size;  the  tongue  saburral,  its  epithelium  destroyed  in 
places,  leaving  the  enlarged  and  reddened  papillae  exposed  and 
greatly  swollen.     Death  occurred  in  thirteen  hours. 

Nor  can  it  be  doubted  that  arsenic  has  a  distinct  action  upon 
dead  mucous  membrane.  This  subject  will  be  discussed  under 
the  head  of  "Post-mortem  Appearances"  (g.  v.). 

On  the  other  hand,  the  inflammation  of  the  alimentary  canal 
which  is  the  cause  of  the  intense  gastro-intestinal  disturbances 
observed  in  arsenical  poisoning,  is  produced  only  in  part,  and 
probably  only  in  a  comparatively  slight  degree  by  the  local  or 
corrosive  action.  This  is  shown  to  be  the  case  by  numerous 
observations  of  the  symptoms  of  gastro-enteritis  during  life,  pro- 
duced by  arsenic  which  has  not  been  taken  by  the  alimentary 
canal,  but  by  application  to  the  skin  or  introduction  into  the 
vagina,  etc.  In  these  cases  the  post-mortem  appearances  of  the 
stomach  and  intestine  are  absolutely  identical  with  those  ob- 
served when  arsenic  has  been  taken  by  the  mouth. ^  In  several 
instances  of  extra-gastric  administration  arsenic  has  also  been 
found  in  the  stomach,  although  the  quantity  has  always  been 

'  Bull.    Ac.    med.,    1838-39,    iii.,  y    provoquait    une    excessive    dou- 

664.     "  La  levre  inf^rieure  avait  6t4  leur." 

fortement  cauteriz^e,   car  sa  mem-  ^  See    Boehm    and    Unterberger: 

brane  muqueuse  etait  blanche,  fen-  Arch.    f.    exper.   Path.    u.    Pharm., 

dilMe,  et  le  moindre  attouchement  1874,  ii.,  96. 
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quite  small.'  These  observations,  taken  in  conjunction  with 
the  fact  that  an  interval  of  about  half  an  hour  or  more  elapses 
in  all  but  the  most  exceptional  cases  between  the  taking  of  the 
poison  by  the  mouth  and  the  manifestation  of  symptoms,  prove 
conclusively  that  the  violent  gastro-enteric  symptoms  of  arseni- 
cal poisoning  are  produced  in  some  way  by  arsenic  which  has 
entered  the  circulation,  rather  than  by  that  which  is  placed  in 
contact  with  the  gastro-intestinal  mucous  membrane.^ 

The  method  by  which  the  inflammation  is  produced  has  been 
variously  interpreted.  Boehm  and  Unterberger^  conclude  from 
their  experiments  that  arsenic  trioxid  injected  into  the  circula- 
tion causes  great  diminution  of  the  blood  pressure,  which  may 
be  attributed  partly  to  paralysis  of  the  abdominal  vessels  and 
partly  to  a  diminished  force  of  the  heart  muscle;  and  they  at- 
trilDute  arsenical  gastro-enteritis  to  a  vasomotor  paralysis  of  the 
terminations  of  the  sympathetic,  resulting  in  diminished  blood 
pressure  and  great  congestion  of  the  abdominal  viscera,  which, 
extending  to  the  gastro-intestinal  mucous  membrane,  there  pro- 
duces the  appearances  of  intense  gastro-enteritis.  Both  arse- 
nites  and  arsenates  cause  diminished  frequenc3'of  contraction,  and 
magnitude  of  the  systole  in  the  frog's  heart,  with  arrest  in  di- 
astole.* Under  the  direction  of  Boehm,  Pistorius^  has  shown  by 
experiments  upon  animals  that  arsenic  trioxid,  administered  by 
the  stomach  or  hypodermically,  causes  congestion  of  the  vessels 
of  the  intestinal  villi  and  the  formation  of  a  false  membrane,  con- 
sisting of  amorphous  coagulated  masses,  which  enclose  large 
numbers  of  epithelial  and  adenoid  cells,  and  which,  being  thrown 
out  between  the  body  of  the  villus  and  its  epithelial  covering, 
causes  the  detachment  of  the  latter,  shreds  of  which  are  found  in 

'  Taylor:  Guy's  Hosp.  Rep.,  1864,  the    wound.      Brodie    concludes:  it 

3   s.,   X.,    220.     Brisken:    Vrtljschr.  may    be    inferred    that    arsenic   in 

f.  ger.  Med.,  1864,  xxv.,  110.     Tidy:  whatever    way    it    is    administered 

Lancet,   1878,  ii.,   250   (two  cases).  does  not  produce  its  effect  even  on 

Boehm  and  Unterberger:  Loc.  cil.,  the  stomach  until  it  is  carried  into 

p.  98  (experiments  upon  animals).  the  blood  (Phil.  Trans.,  1812,  Pr.  i., 

'  As  early  as  1812  it  was  shown  by  209,  210). 

John    Hunter,    Sir   Everard  Home,  '  Loc.  cit.,  89-98. 

and    Sir    Benj.    Brodie    that    when  <  Sklavek:     Arch.     f.     Anat.     u. 

arsenic   is   applied    to   a    wound   it  Physiol.,  1866,  481.     Lesser:  Virch. 

produces    more    violent    and    more  arch.     1S78,     Ixxiii.,     398.     Loewi: 

immediate     inflammation     of     the  Arch.    f.    exp.    P.    u.    P.,    1896-7, 

stomach    than    when    administered  xxxviii.,  259. 

internally,    and    that    this    inflam-  *  Arch.    f.    exp.    P.    u.   P.,    1883, 

mation    of    the    stomach    precedes  xvi.,  188. 
any  appearance  of  inflammation  in 
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the  contents  of  the  gut  (Fig.  12).  Lesser'  attributes  the  diar- 
rhoea to  an  irritation  of  the  ganglia  located  in  the  intestinal  walls. 
Heinz  at  Breslau,^  and  Heilbronn  at  Wiirzburg^  have  simul- 
taaeously  given  another  explanation  of  the  method  of  production 
to  arsenical  gastro-enteritis  by  showing  that  arsenic  produces 
thrombi  in  the  minute  blood-vessels.  They  differ,  however,  in 
that  the  former  found  that  the  coagulation  was  always  in  the 
small  arteries  and  veins,  never  in  the  capilla;ries,  while  the  lat- 


FiG.  12. — Villi  of  Duodenum.  Dog.  X  320.  A,-  vertical  section;  B, 
transverse  section;  (z)  body  of  villus,  with  (a)  adenoid  elements,  (m)  mus- 
cular fibres,  (c)  capillaries,  (g  A)  adenoid-like  tissue,  with  round  cells, 
separating  end  of  villus  and  epithelial  layer  (e),  which  still  adheres  at  x; 
(i,  B)  large  transudation  coagulum,  with  a  few  adenoid  cells,  between 
epithelium  and  body  of  villus;  (s,  B)  somewhat  oblique  section  of  adenoid- 
like  tissue.     (Pistorius.) 


ter  found  the  coagulation  to  take  place  in  the  capillaries  also 
(Fig.  13).*  It  is  probable  also,  from  the  presence  of  arsenic, 
albeit  in  small  quantity,  in  the  stomach  after  its  external  appli- 
cation, that  the  mucous  membrane  of  that  organ  and  of  the  in- 
testines performs  to  some  extent  an  excretory  function  for  ab- 
sorbed arsenic,  an  action  which  would  necessarily  be  attended 


'  Arch.  f.  path.  Anat.,  etc.,  1881, 
Ixxxiii.,  230. 

^  "Natur  und  Entstehungsart  der 
bei  Arsenick-Vergiftung  auftre- 
tenden  Gefass-Verlegungen,"  Diss., 
Breslau,  1891. 


' "  Veranderungen  im  Darme," 
etc.,  Diss.,  Wiirzburg,  1891. 

*  A  similar  effect  is_  produced  by 
other  poisons:  cyclamin,  sapotoxin, 
ricin,  and  abrin. 
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with  irritation  and  inflammation.  Finally  Binz  and  Schultz' 
have  offered  an  original  and  ingenious  explanation  of  this  and 
other  actions  of  arsenic  on  the  animal  economy.  They  found 
that  the  protoplasm  of  many  tissues,  intestine,  brain,  spleen, 
etc.,  have  the. power  of  setting  the  oxygen  atoms  combined  with 
arsenic  in  alternating  motion,  of  converting  arsenious  into  ar- 
senic acid,  and  reversing  the  process.  According  to  them,  this 
continuous  series  "of  oxidations  and  reductions  within  the  pro- 
tein molecule  finally  causes  the  disintegration  of  the  cell  and 


Fig.  13. — Numerous  Thrombi  in  the  Capillary  Plexus  and  two  Large 
Plugs  in  a  Larger  Vessel.  The  capillary  thrombi  very  numerous  and  of 
varying  size.      X  80.     (Heilbronn.) 


fatty  degeneration.  =  Eulenberg^  had  previously  found  arsenic 
acid  in  the  urine  of  Dr.  Vohl,  poisoned  by  inhalation  of  the 
vapor  of  the  trioxid. 

As  no  one  of  these  methods  of  action  is  inconsistent  with 
the  others,  it  is  quite  probable  that  all  are  operative,  aided  in 
some  sHght  degree  by  the  local  action. 

Aside  from  its  action  upon  the  alimentary  canal,  arsenic  also 
produces  serious  modifications  in  the.  normal  chemism  of  the 
body.     It  has  been  shown  by  Saikowski*  to  cause  fatty  degen- 


'  Arch.  f.  exp.  Path.  u.  Pharm., 
1S70,  xi.,  200.  Binz:  ibid.,  lSf)5, 
xxxvi.,  275;  ibid.,  1897,  xxxviii., 
259.  Binz  and  Laar:  ibid.,  1898,  xli., 
179.  See  also  Vitali:  Jahresb.  f. 
Thierch.,  1893,  xxiii.,  74;  1896, 
xxvi.,  83. 


=  See  p.  500. 

'"Schadl.  u.  gift.  Gasen,"  1865, 
411,  note. 

"  Arch.  f.  path.  Anat.,  1865, 
xxxiv.,  73. 
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eration  in  the  kidneys,  liver,  heart,  diaphragm,  and  stomach. 
In  consequence  of  fatty  degeneration  in  the  tissues  of  the  blood- 
vessels multiple  hemorrhages  occur  in  different  organs.  Death 
by  heart  failure  is  produced  by  degeneration  of  the  heart  mus- 
cle, which,  with  large  doses,  may  also  involve  the  heart  ganglia. 
The  occurrence  of  coma,  delirium,  and  eclamptic  seizures  may 
be  traced  to  the  degeneration  of  cerebral  ganglia  and  to  imper- 
fect nutrition,  due  to  diminished  blood  pressure.  When  the 
dose  is  too  small  to  cause  a  degeneration  sufficiently  extensive 
or  complete  to  impede  the  function  of  heart  or  brain,  the  case 
terminates  in  recovery  or  merges  into  a  chronic  form  which  is 
frequently  observed  to  follow  an  acute  poisoning.  The  skin 
symptoms  produced  by  arsenic  are  due  to  the  excretion  of  small 
quantities  of  the  poison  by  the  skin  and  consequent  irritation 
of  that  organ.  Arsenic,  contrary  to  phosphorus,  retards  auto- 
lysis in  its  earlier  stages,  the  influence  diminishing  to  ultimate 
cessation.' 

The  chemical  relation  between  arsenic  and  phosphorus  has 
suggested  the  possibility  that  the  former  element  may  replace 
the  latter  in  the  phosphorized  constituents  of  nerve  tissue.  There 
is,  however,  no  evidence  that  this  does  occur,  beyond  the  estab- 
lishment of  the  fact  that  arsenic  is  localized  in  the  nucleins." 
Reynolds^  analysed  the  brains  of  victims  of  chronic  arsenical 
poisoning  and  found  arsenic  much  more  abundantly  in  the  white 
than  in  the  gray  matter,  in  one  instance  0.8  mgm.  in  240  gms. 
of  the  former  to  mere  traces  in  the  same  quantity  of  the  latter. 
He  points  out  that  neurokeratin  is  15  times  more  abundant  in 
the  white  than  in  the  gray  matter,  and  suggests  that  arsenic 
probably  causes  neuritis  by  combining  with  neurokeratin, 
affecting  the  cells  of  the  central  nervous  system  as  well  as  those 
of  the  peripheral  nerves,  and  preventing  them  from  storing  up 
oxygen  in  their  protoplasm.* 

The  hypothesis  has  also  been  advanced  that  arsenic  may  re- 
place phosphorus  in  the  phosphates,  particularly  those  in  the 

'  Hess  and  Saxl:     Arch.   f.   exp.  385.   Lugaro:  Riv.   di  path,   nerv., 

Path.  u.  Ther.,  1008-9,  v.,  89.  1897,  ii.,   49.   Bettmann:   Beitr.   z. 

"  See  p.  545.  path.   An.    u.   z.   allg.   Path.,    1898, 

'  Lancet,  1901,  ii.,  385.     Roberts:  xxiii.,    377.   Soukhanoff:    Bull.    Ac. 

ibid.,  p.  560.  r.  de  mM.  de  Belg.,  189S,  4  s.,  xii., 

*For   action    on   nerve   cells,    see  374;  J.  de  neurol.,  1899,  iv.,  41. 
Popoff:    Virch.    Arch.,    1888,    cxiii., 
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bones;  and  in  an  Italian  case  Albertoni'  involved  this  theory  to 
ascribe  traces  of  arsenic  found  in  bones  which  had  been  exhumed 
to  ante-mortem  administration. 

Treatment. 
When  the  poison  has  been  taken  with  or  soon  after  a  meal 
it  is  usually  in  large  part  removed  by  the  vomiting  which  it 
provokes;  but  when  taken  in  powder  into  the  empty  stomach,  it 
tends  to  become  agglutinated  to  the  walls  of  the  organ,  and  is 
then  removable  with  difficulty  and  incompletely.  In  any  event 
lavage  should  be  resorted  to  promptly,  except  if  the  stomach  be 
full  of  food,  when  an  emetic  is  preferable  at  first.  This  may 
consist  of  apomorphin  hypodermically,  or  zinc  sulfate,  ipecac- 
uanha, or  mustard  in  warm  water  by  the  mouth,  but  tartar 
emetic  should  be  avoided.  The  antidote  should  then  be  ad- 
ministered or  introduced  through  the  syphon.  The  Ferri 
hydroxidum  cum  Magnesii  oxido  of  the  U.  S.  P.,  corresponding 
to  the  Antidotum  arsenici  (Fuchsii)  of  the  Ph.  Germ.,  is  a  com- 
bination of  the  normal  ferric  hydroxid,  suggested  by  Bunsen  in 
1834,^  and  the  magnesium  oxid  suggested  by  Bussy  in  1846,^ 
and  should  be  given  in  doses  of  about  120  c.c.  (4  fl.  oz.)  of  the 
mixed  liquids.  The  purpose  of  the  mixture  is  to  bring  about  the 
formation  of  the  very  sparingly  soluble*  ferric  or  magnesium 
arsenite.  When  arsenic  has  been  taken  in  the  form  of  powder  the 
administration  of  small  doses  of  the  antidote  should  be  continued 
at  intervals  for  a  day  or  two.  The  antidote  may  also  be  pre- 
pared extemporaneously  by  diluting  an  ounce  of  a  solution  of  a 
ferric  salt,  Liq.  ferri  chloridi,  or  preferably  Liq.  ferri  tersulfatis 
(not  Liq.  ferri  subsulfatis),  to  a  pint  with  water,  adding  excess  of 
Liq.  Ammonise,  collecting  the  brown,  gelatinous  precipitate  in 
muslin,  and  washing  out  the  excess  of  ammonia.  It  must  be 
freshly  prepared,  and  should  be  given  in  doses  of  2-4  tablespoon- 
fuls,  repeated  every  ten  minutes.  Magnesia  usta  suspended  in 
water  may  be  given  along  with  the  ferric  antidote.  Dialysed 
iron  has  been  used  as  a  substitute,  but,  although  it  has  proved 
beneficial  in  some  cases,  it  is  not  so  trustworthy  as  the  antidote 

'Cantalamessa:    Giorn.    di    med.  '  J.  de  pharm.  et  de  chim.,  1846, 

leg.,  18117,  iv.,  33.  3  s.,  x.,  81. 

=  "Das     Eisenoxydhydrat,     ein  'As    to    the    solubility    of    ferric 

Gegengift  der  arsenigen  Saure,"  arsenite  see  Schlagdenhauffen  and 
Gottingen,  1S34.  Reeb:  J.  d.  Pharm.  v.  Elsass-Lothr., 

Stnissb.,  ISSS,  XV.,  191. 
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of  the  pharmacopoeia.  De  Buscher^  from  the  results  of  ex- 
periments upon  animals,  has  claimed  that  the  arsenical  antidote 
is  not  only  useless  in  poisoning  by  Fowler's  solution,  but  det- 
rimental when  white  arsenic  has  been  taken.  As,  however,  his 
results  with  stomach  lavage  were  but  little  more  satisfactory,  his 
conclusions  are  not  convincing  in  the  face  of  the  great  number  of 
reported  cases  in  which  the  antidote  has  proved  of  value  in  the 
human  subject.  Strzyzowski^  in  examining  forty-one  samples 
of  magnesium  oxid  found  twenty-six  to  contain  arsenic  in  the 
proportion  of  0.1  to  5  mgm.  in  100  gm.  He,  however,  points 
out  that,  while  the  fact  is  of  medico-legal  interest,  the  quantity  is 
too  small  to  affect  the  clinical  value  of  the  antidote. 

In  the  further  treatment  castor  oil  may  be  given  to  clear 
the  bowels.  Narcotics  are  indicated  to  control  the  pain  of  the 
earlier  stages,  and  fragments  of  ice  to  relieve  the  thirst.  Mas- 
sage and  faradization  applied  to  the  limbs,  and  small  doses  of 
strychnin  should  be  resorted  to  to  control  the  cramps.  Tendency 
to  collapse  may  be  combated  by  warmth  applied  by  hot  blank- 
ets, and  by  hypodermics  of  cardiac  stimulants.  Although  milk, 
melted  butter,  or  lard  have  no  chemical  action  upon  arsenic, 
their  administration,  if  the  poison  have  been  taken  in  the  solid 
form,  are  of  service  in  interfering  with  its  solution,  and  conse- 
quently with  its  absorption.  The  alkaline  reaction  of  milk, 
which  is  equivalent  to  1.64  gm.  of  sodium  hydro xid  per  litre, 
would  contraindicate  its  administration  as  favoring  the  solution 
of  arsenic,  were  it  not  for  the  presence  of  the  fat,  whose  deterrent 
influence  in  the  same  regard  is  more  potent.^ 

Attempts  have  been  made  to  produce  antitoxic  sera  from 
animals  treated  with  repeated  doses  of  arsenic,  but  the  results 
have  not  been  satisfactory.* 

Post-mortem  Appearances. 

The  post-mortem  appearances  after  death  from  arsenical 
poisoning   are  the   same,    irrespective   of  whether  it   has   been 

■  Arch.  int.  de  pharmacod.,  1902,  Pasteur,  1899,  xiii.,  49.     Morishima: 

X.,  415.     Bull.  Soc.  m^d.  de  Gand,  Arch.    int.    de.    pharmacod.,    1900, 

1903,  Ixx.,  11.  vii.,  65.     Serena:     Pohclin.,  Roma, 

^  Munch,   med.   Wchnschr.,   1904,  1900,  vii.,   1900,   Hausmann:  Deut. 

h.,  1001.  med.   Wchnschr.,   1903,  xxix.,   987. 

"  See  pp.  407,  408.  Arch.   f.   d.   gesam.   Physiol.,    1906, 

*  Besredka:    Ann.     de    I'inst.  cxiii.,  327. 
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taken  by  the  mouth  or  introduced  through  some  other  channel 
of  absorption,  except  that  in  the  latter  event  its  local  effects  will 
be  found  at  the  point  of  application.  The  appearances  differ 
somewhat,  however,  with  variations  in  the  nature  of  the  symp- 
toms, and  according  as  the  duration  of  the  case  has  been  short 
or  has  extended  over  several  days. 

The  external  appearance,  if  diarrhoea  and  vomiting  have 
been  profuse,  as  is  usually  the  case,  will  be  that  of  emaciation, 
although  the  quantity  of  subcutaneous  fat  remains  undiminished. 
The  skin  is  cyanosed,  particularly  that  of  the  hands  and  feet, 
although  by  no  means  so  deeply  as  after  death  from  Asiatic 
cholera.  The  process  of  putrefaction  is  delayed,  and  the  body 
remains  odorless  longer  than  usual.  These  effects  are  due  to  a 
diminution  in  the  quantity  of  water  in  the  cadaver. 

In  rapidly  fatal  cases  it  is  rare  that  any  change  is  met  with 
in  the  mouth,  pharynx,  or  oesophagus.  Occasionally,  how- 
ever, they  are  the  seat  of  inflammation,  or  even  of  ulceration. 

Thus  in  Fahrenhorst's  case'  death  occurred  in  six  hours,  and  the 
pharynx  and  larynx  were  found  to  be  inflamed.  Booth^  reported  a 
case  of  death  in  six  and  a  half  hours  in  which  the  oesophagus  was  in- 
flamed to  within  half  an  inch  of  the  cardia.  Taylor'  reported  two 
cases,  in  one  of  which  death  occurred  in  seventeen  hours,  and  the 
oesophagus  was  inflamed  and  the  mucous  membrane  of  the  lar3Tix  and 
trachea  highly  injected.  In  the  other  the  patient  died  in  two  and  a 
half  hours  after  taking  one  hundred  and  fifty  grains  (9 .  72  gm.)  of  ar- 
senic in  fine  powder,  and  the  oesophagus  was  found  to  be  inflamed  in 
places.  In  one  of  Rayner's  cases*  the  guUet  was  highly  inflamed.  In 
a  case  reported  by  Knott,  ^  in  which  the  poison  was  taken  in  powder, 
suspended  in  brandy  and  water,  the  oesophagus  was  found  vascular  in 
the  upper  half  to  a  distinct  line,  below  which  there  were  "gangrene  of 
the  mucous  coat "  and  thinning  of  the  tube  to  within  about  one  and  a 
half  inches  of  the  cardia.  Greenhow"  reported  a  case  of  death  in  six 
hours  and  ten  minutes,  in  which  the  upper  half  of  the  oesophagus  was 
found  to  be  pale,  but  the  lower  half  purple,  with  silvery-white  patches 
which  could  not  be  detached  without  injury  to  the  mucous  coat,  and 
several  slightly  raised  opaque  granules  at  the  cardiac  end.     In  an  al- 

'  Mag.  f.  d.  ges.  Hlk.,  1825,  xx.,  'Prov.  M.  and  S.  J.,  1840,  i.,  155. 

483.  5  Lancet,  1849,  ii.,  1. 

2  London  M.  Gaz.,  1834,  xiv.,  62.  «  Med.  Times  and  Gaz.,  1878,  ii., 

'Guy's  Hosp.  Rep.,  1837,    ii.,  77;  626. 
1850-51,  2  s.,  vii.,  190. 
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leged  homicidal  case  Demuth'  found  a  parchment-like  drying  of  the 
mucous  membrane  at  the  angle  of  the  lips.  The  exceptional  post- 
mortem appearances  of  the  lips,  mouth,  and  tongue  in  the  case  of 
Soufflard  have  already  been  referred  to.^  In  this  case  the  pharynx 
and  oesophagus  were  also  found  injected. 

It  is  in  the  stomach  that  the  most  prominent  lesions  are 
observed.  Its  mucous  membrane  over  a  greater  or  less  extent, 
or  in  spots,  is  swollen,  thickened,  somewhat  spongy  and  cov- 
ered with  a  thick,  viscid  mucus  tinged  with  blood  or  bile.  The 
color  of  the  mucous  surface  is  sometimes  a  uniform  dull  or 
brownish-red,  becoming  brighter  on  exposure  to  air,  and  pre- 
senting a  velvety  appearance.  In  some  cases  the  color  has  been 
described  as  "bright  scarlet"^  either  throughout  or  in  portions;* 
in  others  it  has  been  said  to  be  vermilion'  uniformly  or  in  places.^ 
Usually,  however,  the  color  is  not  uniform,  the  redness  appearing 
in  spots  or  patches,  more  frequently  toward  the  greater  end  and 
chiefly  on  the  prominences  of  the  rugae.  Frequently  the  red- 
ness is  in  the  form  of  minute  dots  (petechise)  arranged  in  striations 
stretching  in  curved  lines  between  the  cardia  and  pylorus,  or 
scattered  uniformly  over  the  entire  mucous  membrane.  This 
appearance,  which   is   undoubtedly  due   to  minute  extravasa- 

'  Vereinsbl.  f.  pfalz.  Aerzte,  1887,  found   to   be  dark  red,  inflamed, 

iii.,  153.  the    mucous    membrane    thickened 

'  See  p.  485.  and  corrugated,  drawn  up  in  folds," 

=  Booth:  London  M.  Gaz.,   1834,  and  one  of  the  medical  witnesses  for 

xiv.,  62.     Foster:  Lancet,  1840-41,  the  people  testified  that  such   "is 

ii.,  305.     Buchner:  Friedreich's  Bl.  the     characteristic     result     of     the 

f.  ger.  Med.,  1884,  xxxv.,  170.  operation  of  arsenic  administered  in 

*Dymock:    'Edinb.     M.     and     S.  the   life-time;    it    will    not   produce 

Jour.,     1843,     lix.,     350.     Milford:  such   a    result   after   death."     This 

Australian   M.    Gaz.,    1889-90,    ix.,  trial    was    terminated    by    the    dis- 

90,  95.  charge    of    the    prisoner,    after    the 

''Foster:     Lancet,     1840-41,     ii.,  evidence  for  the  people  had   been 

305.     Silliman:  West.  Journ.  M.  and  completely  presented,  and  without 

S.,  1850,  3  s.,  v.,  49.     Carter:  Liver-  the  introduction  of  any  testimony 

pool,  Med.-chir.  Jour.,  1890,  x.,  130.  for  the  defendant,  information  hav- 

"  The  fact  that  the  gastric  ing  l^ieen  conveyed  to  the  Court  that 
mucous  membrane  has  the  gross  the  cadaver  examined  was  a  dis- 
appearances of  inflammation  cannot  secting-room  subject  which  the 
be  taken  as  sufficient  evidence  of  defendant  and  others  had  secured 
ante-mortem  action,  as  arsenical  from  a  medical  college,  for  use  m  a 
preservatives  may  cause  changes  mock  funeral  as  a  part  of  a  con- 
post-mortem  which  are  similar  in  spiracy  to  defraud  life  insurance 
appearance.  In  the  singular  case  companies,  the  man  for  wliose 
of  Peo.  vs.  Orin  C.  Thomas,  tried  in  murder  Thomas  had  been  indicted 
Erie  Co.,  N.  Y.,  in  1882,  the  stomach  being  stih  alive  and  one  of  the 
of    the    cadaver    in    the    case    was  conspirators. 
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tions  caused  by  the  plugging  of  small  vessels/  is  claimed  by  Tidy 
to  be  characteristic  of  arsenical  poisoning.  ^  It  is  certain,  how- 
ever, that  it  is  by  no  means  always  present  after  death  from 
arsenic,  and  that  it  is  frequently  observed  after  death  from 
other  causes.  Indeed,  Professor  Tidy,  who  laid  great  stress 
upon  the  absence  of  this  appearance  in  the  Maybrick  case, 
himself  goes  no  further  in  his  work  than  to  say  that  ft  is  "  gen- 
erally" present.^  Submucous  extravasations  of  blood  also 
occur  frequently  and,  by  their  dark  or  even  black  appearance, 
may  be  mistaken  for  gangrene.  When  the  body  has  been  long 
buried  the  mucous  membrane  is  frequently  of  a  bright-yellow 
color,  due  to  the  formation  of  the  yellow  arsenic  trisulfid.* 
Ulcerations  and  erosions  of  the  stomach  are  not  of  frequent  oc- 
currence, and  are  more  frequently  observed  when  arsenic  has 
been  taken  in  the  solid  form,  or  in  cases  of  longer  duration. 
Ulcerations  and  erosions  have  been  observed  in  cases  in  which 
death  followed  in  thirteen,^  twelve,"  ten,'  and  even  six  and  one- 
sixth*  hours  after  the  poison  was  taken.  Perforation  has  not, , 
so  far  as  we  are  aware,  been  observed  in  any  rapidly  fatal  case." 
It  requires  but  a  short  time  to  produce  these  inflammatory 
changes  in  the  gastric  mucous  membrane.  Indeed,  as  the 
gastric  symptoms  are  the  result  of  the  gastric  inflammation,  the 
supposition  that  the  latter  precedes  the  former  in  all  cases  is  not 
unwarrantable.  Observation  has  also  shown  that  in  those  cases 
in  which  death  has  occurred  with  the  greatest  rapidity  the  evi- 
dences of  gastric  inflammation  have  been  present. 

In  Finlay's  case"  of  death  in  one  hour  the  mucous  membrane  of 
the  stomach  was  intensely  congested,  and  was  the  seat  of  a  few  ecchy- 
moses,  but  there  were  no  erosions. 

'  See  p.  487.  s  Qreenhow:     Med.     Times     and 

^See   Woodman  and  Tidy:   "Fo-  Gaz.,  187S,  ii.,  626. 

rensic  Med.,"  PI.  i.  »  Chevallier    (Ann.   d'hyg.,    1852, 

'Woodman  and  Tidy:  "Forensic  xlvii.,  446),  in  a  criminal  case,  tiie 

Med.,"  (1877),  142.     See  also  Prof.  duration    of    wliich    is    not    stated, 

Tidy's  testimony  in   Liverp.     Post  found    a    round   perforation  at  the 

Rep.,  and  Carter:  Loc.  cit.  cardia,    the    size    of   a    franc   piece, 

*  See  p.  506.  having  regular,  soft  and  thin  edges, 

■"  Wyss:  Arch.  d.  Heilk.,  1870,  xi.,  and  peritonitis  in  its  neighborhood. 

'-^■.  _  ...           .^  In  an  early  Scotch  homicidal  case 

Cotting:     Boston     M.     and    S.  (Rex.    vs.  Wishart;  Elwell:  "Malpr. 

Jour.,  1838,  xviii.,  78.  and   Evid.,    p.  501)  a  small  perfor- 

•    ^7}°'^\^t^  ^°®P-  ^eP-'  IS^l-  ation  was  found. 

vu     265.       Poisons,"   3d   Am.   ed.,  i"  Lancet,  1883,  ii.,  943. 
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In  Foster's  case'  of  death  in  two  hours  the  villous  coat  of  the  stom- 
ach was  of  a  vermilion  hue.  In  Dieberg's  case^  of  death  in  the  same 
time  the  mucous  membrane  of  the  stomach  was  marbled  red,  with 
black  spots  the  size  of  peas  here  and  there.  In  Clegg's  case/  which 
also  proved  fatal  in  two  hours,  the  stomach  was  found  intensely  in- 
flamed. In  a  case  reported  by  Taylor/  in  which  death  occurred  in 
two  and  a  half  hours,  the  stomach  presented  internally  several  red 
patches,  especially  toward  the  pylorus.  In  another  case,  fatal  in  the 
same  time,  reported  by  Dymock'  the  ruga  were  numerous,  prominent, 
and  firm;  in  the  fundus  and  at  the  pylorus  were  bright  scarlet  patches 
which  disappeared  near  the  center  of  the  stomach,  except  a  few  isolated 
ones.  Some  patches  had  a  bruised  and  purplish  appearance,  but  there 
were  no  extravasations,  and  on  microscopic  examination  they  showed 
the  color  to  be  due  to  enlarged  veins.  Taylor"  mentions  another  case, 
fatal  in  barely  three  hours,  in  which  there  was  intense  inflammation, 
especially  at  the  pyloric  end.  Jeffreys'  also  reports  a  case  in  which 
death  occurred  in  less  than  three  hours,  in  which  the  mucous  coat  of 
the  stomach  was  covered  with  a  tenacious  mucus,  red,  highly  inflamed, 
and  ecchymosed.  A  dark,  tenacious,  bloody  patch  three  inches  in  cir- 
cumference existed  near  the  cardiac  end.  The  rugse  were  corrugated, 
and  there  was  an  appearance  of  disorganization.  The  pyloric  end  was 
highly  inflamed. 

It  cannot  be  denied,  on  the  other  hand,  that  death  may  be 
due  to  arsenic  and  still  no  signs  of  inflammatory  action  remain 
detectable  in  the  mucous  membrane  of  the  stomach  or  intes- 
tines. Several  such  cases  are  upon  record,  in  none  of  which, 
unfortunately,  is  the  dose  taken  stated,  and  in  only  three  the 
duration. 

O'Reilly'  reports  the  case  of  an  elderly  lady  who  died  in  six  hours, 
with  little  pain  or  suffering.  There  was  scarcely  a  trace  of  change  of 
structure  in  the  whole  alimentary  canal.  The  stomach  exhibited 
vascularity  in  two  or  three  points  only.  A  boy  of  twenty  months" 
died  in  eight  hours  after  having  taken  an  arsenical  mouse  poison.  He 
vomited,  but  had  no  pain.  In  the  intestine  and  stomach  there  was  little 
deviation  from  the  normal  appearance.     Taylor  refers  to  two  homici- 

1  Lancet,  1840-41,  ii.,  305.  =  Edinb.   M.   and  8.   Jour.,   1843, 

2  Friedreich's    BI.    f.    ger.    Med.,      lix.,  3.50. 

1866,  xvii.,  53.  "  "Poisons,"  3d  Am.  ed.,  327. 

^Taylor:  "Poisons,"  3d  Am.  ed.,  'London  M.  Times,    1851,   n.  s., 

297.  iii.,  229. 

^  Guy's  Hosp.  Rep.,  1850-51,  2  s.,  «  Dublin  J.  M.  Sc,  1841,  xx.,  429. 

vii.,  183.  8  May:    Prov.    M.    and    S.    Jour., 

1845,  453. 
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dal  cases.'  In  one  (Reg.  v.  Newton)  the  coats  of  the  stomach  were 
thickened  and  pulpy,  but  entirely  free  from  inflammation,  although 
the  "death  was  clearly  due  to  arsenic."  In  the  other  (Reg.  v.  Me- 
Cracken)  a  large  quantity  of  arsenic  was  found  in  the  stomach  of  the 
deceased,  but  there  was  no  appearance  of  inflammation,  either  in  that 
organ  or  in  the  intestines.  In  the  Klose  case^  the  mucous  membrane 
of  the  stomach  of  one  of  the  victims  was  free  from  any  semblance  of 
inflammation.  Arsenic  was  found  in  the  stomach  in  small  quantity, 
and  a  little  more  than  half  a  grain  (0.032  gm.)  of  arsenic  trioxid  was 
separated  from  the  liver  and  kidneys. 

In  a  clear  case  of  suicide  by  Paris  green,  in  which  death  occurred  in 
less  than  sixty  hours,  there  was  entire  absence  of  inflammation  of  the 
alimentary  tract,  although  vomiting  and  purging  had  been  excessive.* 

Virchow  has  described''  a  modification  of  the  minute  struc- 
ture of  the  gastric  mucous  membrane,  under  the  name  of  gastro- 
adenitis  arsenicalis  parenchymatosa,  which  is  said  to  occur  in 
arsenical  poisoning  even  when  the  coarser  gross  appearances  are 
wanting.  The  surface  of  the  mucous  membrane  is  covered  with 
a  thick,  granular  mass,  which  penetrates  its  whole  substance, 
dipping  into  the  peptic  glands,  the  epithelium  of  which  is  cloudy 
and  partly  fatty.  The  interstitial  tissue  is  infiltrated  with  round 
cells.  Kobert^  considers  this  appearance  as  typical  of  arsenical 
poisoning,  and  states  that  it  may  be  produced  in  animals  by 
hypodermic  injection  of  Fowler's  solution,  and  that  it  has  been 
observed  in  the  human  subject  after  external  application  of 
arsenic.  In  Haberda's  case  of  vaginal  administration  minute 
ecchymoses  were  found,  particularly  at  the  fundus  of  the  stomach.' 

An  examination  of  the  surface  of  the  mucous  membrane 
with  the  aid  of  a  magnifying  glass  will,  if  the  poison  have  been 
taken  in  the  shape  of  a  crystalline  powder,  usually  reveal  the 
presence  of  minute  particles  firmly  adherent  to,  and  embedded 
in,  the  layer  of  mucus  or  even  in  the  substance  of  the  mem- 
brane. These  particles  are  in  the  form  of  octahedral  crystals, 
which  sometimes  glisten  as  little  diamond-like  specks  when  the 
surface  is  exposed  to  the  sunlight,  and  which  communicate  a 

'  "Poisons,"  3d  Am  ed.,  298.  ^  Arch.  f.  path.  Anat.,  etc.,  1869, 

2  Davidson:  Buff.  M.  and  S.  Jour.,  xlvii.,  524. 
1^?2,  xxii.,  117.  '"intoxicationen,"  2te  Aufl.,  ii., 

^Chittenden    and    Smith:    Med.-  256 
leg.  J     N.  Y.    1885,  iii.,   148.     See  »  Wien.    klin.    Wchnschr.,     1897, 

also  Harvey:  Indian  Lancet,   1897,  x     201 
X.,  7. 
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"sandy"  sensation  when  the  finger  is  drawn  over  the  surface. 
They  arei  usually  white,  but  sometimes  assume  a  yellowish  or 
yellow  color  from  conversion  into  the  yellow  sulfid.'  They  are 
surrounded  by  a  reddened  area,  due  to  injection  of  the  vessels, 
land  beneath  them  the  mucous  membrane  is  frequently  distinctly 
eroded.  Sometinies  the  particles  are  of  nearly  uniform  size,  or 
they  may  vary  from  coarsely  granular  fragments  to  the  finest 
powder,^  according  to  the  method  of  manufacture  of  the  arsenic 
used.  From  these  and  other  characters  it  is  sometimes  possible 
to  show  that  arsenic  found  in  two  cadavers  was  not  of  the  same 
origin,  or  not  of  a  certain  given  origin.*  The  quantity  of  arsenic 
found  adherent  to  the  stomach  is  usually  not  great,  although 
it  may  be.  Thus  Taylor*  refers  to  a  case  in  which  up- 
ward of  an  ounce  was  found  spread  over  the  mucous 
membrane  in  a  pasty  state.  Bartley  separated  three  hun- 
dred grains  (19.5  gm.)  of  arsenic  from  the  stomach  of  a  girl 
who  had  died  of  arsenical  poisoning.  In  the  case  of  Reg.  v. 
Madeleine  Smith,  Professor  Penny  separated  5.2  grains  (0.337 
gm.)  of  crystallized  arsenic  from  the  stomach.^  These  particles 
are  most  frequently  found  in  the  stomach,  but  they  have  also 
been  found  elsewhere:  in  the  duodenum,'  in  the  ileum  and  jeju- 
num,' in  the  large  intestine,^  and  in  the  mouth  and  between  the 
teeth.'  In  an  early  case^"  a  cyst  containing  crystallized  white 
arsenic  was  found  in  the  stomach.  These  particles  must  be 
shown  to  be  arsenical,  which  is  easiest  accomplished  by  heating 
a  small  portion  in  a  subliming  cell  and  collecting  the  sublimed 
product  partly  on  a  dry  glass  cover  and  partly  on  one  upon  which 
is  a  drop  of  water.  The  octahedral  crystals  upon  the  first,  and 
the  formation  of  a  yellow  color  or  precipitate  in  the  second 
upon  the  addition  of  ammonio-silver  nitrate  solution  are  suffi- 

'  See  p.  506.  s.,  x.,  677.     Wyss:  Arch.  d.  Heilk., 

2  Med.  Times  and  Gaz.,  1872,  ii.,  1870,  xi.,  15. 

490.  'Wyss:  Loc.  cit.     Hodgson :  Prov. 

=  See  p.  397.  M.  and  S.  Jour.,  1851,  490. 

*  "Poisons,"  3d  Am.  ed.,  297.  *  Hodgson:     Loc.  cii.  Greaves  : 

^  Morison's  Report,  p.  34.  Loc.  cit. 

"James:    Bull.    Ac.    m6d.,   Paris,  «  Kissel:  Deut.  Ztschr.  f.  Staats- 

1818-39,  iii.,  664  (case  of  Soufflard).  arznk.,     1852,     xi.,     137.     Reuter: 

Ewen:  Prov.  M.  and  S.  Jour.,  1842,  Med.    Jahrb.    f.    d.    Herz.    Nassau, 

iii.,     505.     Wimmer:     Mag.     f.     d.  1846,    97,    236.     Grabacher:    Oest. 

Staatsarznk.,    1846,    v.,    227.     Case  Ztschr.  f.  prk.  Hlk.,  1866,  xii.,  172. 

of    Mad.    Smith,    loc.    cit.,    p.    32.  '"  Tonnelier:    J.    d.   m^d.,    chir.. 

Greaves:  London  M.     Gaz.,  1850,  n.  pharm.,  etc.,  1802,  iv.,  15. 
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cient  evidence  that  the  material  in  question  was  arsenic,  when 
taken  in  conjunction  with  its  original  crystalline  form. 

One  case  is  reported'  in  which  the  powdered  porcelainous 
form  had  been  taken,  and  in  which  more  than  0.36  gm.  (five 
and  a  half  grains)  of  the  amorphous  white  powder  was  scraped 
from  the  mucous  membrane  of  the  stomach.  Kratter  in  a 
homicidal  case  separated  1.6319  gm.  (25.2  gr.)  of  white  arsenic 
in  substance  from  the  stomach  and  intestines.^ 

If  the  body  has  been,  long  buried  non-arsenical  crystalline 
deposits  may  exist.  Maschka^  found  the  walls  of  the  alimen- 
tary canal  (which  were  well  preserved)  of  a  cadaver  exhumed 
eighteen  months  after  death  to  contain  numerous,  hard,  firmly 
adherent  incrustations,  varying  in  size  from  that  of  a  hemp- 
seed  to  that  of  a  pea,  which  consisted  of  ammonio-magnesian 
phosphate.  Three-quarters  of  a  grain  (0.048  gm.)  of  arsenic 
trioxid  was  also  obtained  from  a  portion  of  the  viscera.* 

The  contents  of  the  stomach  are  usually  fluid,  sometimes 
quite  thin,  generally  viscid,  red-brown  in  color  from  the  pres- 
ence of  blood,  or  yellowish  from  the  presence  of  bile,  varying 
in  quantity  from  one  or  two  ounces  to  two  or  three  pints,  and 
containing,  if  vomiting  have  not  been  abundant,  particles  of 
food  substances.  These,  however,  by  reason  of  the  copious 
vomiting,  are  usually  absent.  In  some  cases  the  stomach,  and 
indeed  the  entire  alimentary  canal,  is  found  empty  or  nearly  so, 
and  in  some  cases  the  stomach  is  distended  with  gas — usually  a 
product  of  putrefaction. 

The  appearances  of  inflammation  observed  in  the  stomach 
are  frequently  extended  into  the  intestine,  usually  in  patches; 
the  duodenum  and  rectum  being  the  portions  of  the  gut  most 
frequently  affected.  It  is  possible,  however,  that  these  portions 
may  not  be  inflamed,  while  patches  of  inflammation  are  found  in 
other  portions  of  the  intestine.  Thus  Taylor^  describes  a  case 
in  which  the  duodenum  and  rectum  were  not  inflamed,  but  red 
patches  existed  in  the  jejunum  and  ileum.  The  intestinal 
hyperemia  varies  greatly  in  degree,  and  does  not  necessarily 
increase   with   the    duration   of   the   poisoning.     Thus    Lesser* 

'  Casper- Liman:  "Handb.  d.  ger.  *  See  p.  506 

Med.,"  Ste  Aufl.,  400.  =  Guy's     Hosp.     Rep.,     1851-52, 

^  "  Beitrage,"  p.  .3.  vii.,  194. 

'"Samml.    Gutacht.   Prag.    med.  ""Atlas  d.  ger.   Med.,"  PI.  xiv., 

Fak./'  1S67,  iii.,  253.  Figs.  2,  5,  pp.  90,  93. 
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gives  examples  of  portions  of  the  small  intestine  from  two 
fatal  cases:  one  that  of  a  woman  of  twenty-two  years  who 
died  in  eighteen  and  a  half  hours  after  taking  white  arsenic,  in 
whom  the  intestinal  mucous  membrane  was  aneemic,  the  in- 
jection being  limited  to  the  larger  vessels;  the  other  that  of  a  man 
of  twenty-two  years  who  died  in  seven  hours  after  having  taken 
Schweinfurth  green,  in  whom  the  intestinal  mucous  membrane 
was  reddened  by  capillary  and  venous  congestion,  and  in  places 
corroded  and  marked  with  minute  hemorrhages.  The  solitary 
follicles  and  Peyer's  patches  are  swollen,  prominent,  and  yellow- 
ish-white from  extensive  cell  infiltration.  The  mucous  mem- 
brane is  extensively  denuded  of  epithelium,  shreds  of  which  float 
in  the  intestinal  contents,  communicating  to  it,  in  the  lower  part 
of  the  small  intestine,  a  "rice-water"  or  "thin  gruel-like"  ap- 
pearance.' The  contents  of  the  duodenum  usually  resemble 
those  of  the  stomach.  Multiple  ecchymoses  throughout  the  in- 
testinal tract  are  not  infrequently  met  with.  In  the  large  in- 
testine the  mucous  membrane  is  also  denuded  of  epithelium  in 
great  part,  and  abundantly  infiltrated  with  white  corpuscles. 
The  colon  is  frequently  found  contracted.  Wilks'  reports  a 
case,  fatal  in  twelve  hours,  in  which  the  contraction  was  such 
as  barely  to  admit  the  point  of  the  enterotome.  The  end  of  the 
ileum  was  also  contracted,  as  well  as  other  parts  of  the  small 
intestine  to  a  less  degree.  The  omentum  and  mesentery  have 
been  found  congested  and  the  mesenteric  glands  enlarged  and 
reddened  in  some  cases,  and  Wyss^  reports  a  case  of  death  in 
thirteen  hours  in  which  there  were  evidences  of  peritonitis  of 
recent  origin,  without  perforation  or  extensive  ulceration  of  the 
stomach  or  intestine.  The  viscid  exudation  on  the  peritoneum, 
observed  in  Asiatic  cholera,  was  absent.  The  gall-bladder  is 
rarely  empty,  more  usually  distended  with  bile.  The  urinary 
bladder  is  almost  always  empty,  or  nearly  so. 

The  heart  usually  contains  loosely  coagulated  blood  in  mod- 
erate quantity,  and  ecchymoses  have  frequently  been  observed 
beneath  the  endocardium  and  in  the  muscle  of  the  left  ventricle 
in  cases  which  have  been  rapidly  fatal,*  as  well  as  in  others  in 


'  See  pp.  480,  486.  "Finlay:  Lancet,  1883,  ii.,  943; 

-  Lancet,  1862,  i.,  325.  death  in  one  hour. 

'Arch.  d.  HIk.,  1870,  xi.,  15. 
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which  life  has  been  prolonged  for  several  days.'  The  heart 
muscle  may  show  beginning  fatty  degeneration.  The  blood  is 
dark,  and,  if  the  autopsy  be  made  soon  after  death,  becomes 
brighter  on  exposure  to  air,  and  is  thicker  than  normal,  owing 
to  the  loss  of  water  by  purgation  during  life.  The  coagula  are 
not  firm,  and  the  corpuscles  are  normal.  The  lungS  are  usually 
congested,  with  subpleural  ecchymoses,  and  occasionally  oedema. 
The  appearances  in  the  brain  and  its  membranes  are  not  constant. 
In  rapidly  fatal  cases  there  may  be  hypersemia  of  the  meninges 
and  effusion  in  the  ventricles.  In  protracted  cases  there  is 
vascular  degeneration  of  the  large  ganglion  cells  of  the  brain.- 
The  condition  of  the  liver  and  kidneys  may  be  dealt  with  in 
passing  from  the  consideration  of  cases  with  rapidly  fatal  termi- 
nation to  {hat  of  those  of  longer  duration.  Although  in  many 
early  accounts  of  autopsies  in  cases  of  arsenical  poisoning  the 
liver  has  been  described  as  "greatly  enlarged,"  "mottled," 
"pale,"  or  even  "yellow-fatty,"^  the  occurrence  of  fatty  infiltra- 
tion and  degeneration  of  that  and  other  organs  as  a  censequence 
of  poisoning  by  arsenic  (and  antimony)  was  not  recognized  until 
the  experiments  of  Saikowsky*  upon  animals  demonstrated  its 
occurrence.  Nor  was  an  observation  of  the  same  changes  in 
the  liver,  kidneys,  heart,  and  diaphragm  in  the  human  subject 
long  wanting,  for  in  the  same  volume^  may  be  found  the  ac- 
count of  the  autopsy,  by  Grohe  and  Mosler,  of  a  child  of  two 
years  which  died  in  thirteen  hours  after  an  accidental  taking  of 
an  arsenical  green,  in  which  these  lesions  were  found  to  exist. 
This  infiltration  and  degeneration  proceeds  progressively,  and 
is  consequently  best  marked  in  cases  in  which  death  is  post- 
poned for  some  days.  When  the  patient  succumbs  during  the 
first  twenty-four  hours,  the  gross  appearances  of  the  liver  and 
kidneys  usually  present  nothing  abnormal;  yet  even  in  rapidly 
fatal  cases  microscopic  examination  will  show  the  existence  of 
fatty  infiltration  and  beginning  degeneration  in  the  liver,  kid- 
neys, and  later  in  the  heart,  diaphragm,  and  central  organs 
generally.     The  most  rapid  development  of  this  lesion  was  in 

'  Roth:  Arch.  f.  path.  Anat.,  etc.,  '  Williams:  Lancet,  1840,  i.,  706. 

1868,  xhv.,  131;  death  on  the  fourth  '  Arch.  f.  path.  Anat.,  etc.,  1865, 

day.     See    also    Wilks:    Tr.    Path.  xxxiv.,  73-80.     See  also  Munk  and 

Soc,  London,  1862,  xiii.,  54.  Levden:      Bed.     klin.     Wchnschr., 

=  For  lesions  of  the  brain  and  cord  IsAf),  ii.,  503. 
see  authors  quoted  in  note  4,  p.  480.  =■  Ibifl.,  pp.  208-225. 
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the  case  reported  by  Lesser,'  in  which  a  man  of  twenty-two 
years  died  in  seven  hours  after  taking  Schweinfurth  green. 
The  liver  was  enlarged,  presented  the  gross  appearances  of  fatty 
degeneration,  and  on  microscopic  examination  showed  the 
liver  cells  to  be  the  seat  of  acute  parenchymatous  degeneration. 
In  other  instances  the  same  changes  have  been  observed  in 
death  after  eight  and  a  half,  nine,  thirteen,  and  eighteen  hours.  ^ 
Pointer^  in  1856  reported  a  death  from  arsenic  in  twelve  hours, 
in  which  some  fatty  degeneration  was  observed  in  the  liver. 
Hoffmann''  found  advanced  fatty  degeneration  in  the  liver  of  a 
man  who  had  died  after  fourteen  hours'  illness,  supposedly  of 
cholera,  but  in  whose  stomach  a  large  amount  of  crystallized 
arsenic  was  found,  which  had  caused  erosions  of  the  gastric 
mucous  membrane.  When  death  is  postponed  for  some  days 
these  changes  extend  in  this  and  other  parenchymatous  organs, 
and  in  the  heart  and  muscular  system,  attended  by  extensive  de- 
rangements of  nutrition'  and  by  extravasations  beneath  the 
serous   membranes. 

Justus,  by  his  method,^  has  shown  that  after  administration 
of  sodium  arsenite,  atoxyl  or  arsycodile,  arsenic  in  some  form 
convertible  into  arsenic  trisulfid  by  hydrogen  sulfid,  is  deposited 
in  granules  or  flakes,  in  the  tubules  and  glomeruli,  and  in  the 
erythrocytes  in  the  vessels  of  the  kidneys,  but  not  in  the  nuclei  in 
the  cortex ;  in  the  protoplasm,  but  not  in  the  nuclei  of  the  liver  cells  ; 
in  the  peritoneal  and  muscular  coats  of  the  small  and  large  intestine, 
and  particularly  in  the  epithelium  of  the  villi ;  and  in  the  peritoneum, 
lymph  spaces,  subcutaneous  tissue,  epithelial  layers  of  the  skin, 
medullary  canal  of  hairs,  heart  muscle,  erythrocytes,  and 
endothelium  of  arteries  and  veins.  In  the  cells  arsenic  is  first 
localized  in  the  protoplasm. 

In  fatal  cases  of  long  duration  other  lesions  are  sometimes 
observed,  some  of  which  have  been  already  noted  as  occurring 
in  a  less  marked  form  and  exceptionally  in  rapidly  fatal  cases. 
Among  these  are  inflammation  and  ulceration  of  the  mouth, 
tongue,  pharynx,  and  oesophagus.  Glossitis,  with  swelling  of 
the  salivary  glands,  has  been  observed  even  after  external  ap- 

'"  Atlas  f.   ger.   Med.,"  PI.  xvi.,  ^  Am.  med.  Monthly,  1856,  v.,  310. 

Fig.  9,  p.  133.  *  Virchow's  Arch.,  1870,  1.,  455. 

^Lesser:     Loc.     cit.,  and     Wyss:  *  Dermatol.    Ztschr.,     1905,    xii., 

Arch.  d.  Hlk.,  1870,  xi.,  15.  277.     See  also  p.  622. 
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plication.  1  Cystitis  has  been  noted  in  some  cases.^  Gangren- 
ous cliscolorations  have  occurred  in  the  scrotum,  glans  penis, 
and  beneath  the  ears,  when  the  poison  has  been  taken  by  the 
mouth,^  and  similar  changes  are  said  to  have  been  observed  in 
the  female  genitals  and  at  the  anus  under  like  conditions.* 

When  the  application  has  been  to  the  skin,  the  cuticle  is 
raised  in  blisters,  or  the  points  of  application  present  excoria- 
tions, ulcerations,  or  eschars.  When  the  poison  has  been  intro- 
duced into  the  vagina,  the  vulva,  vagina,  and  uterus  rapidly 
become  intensely  inflamed,  and  soon  become  gangrenous.' 

Post-mortem  Changes — Mummification.— During  the  eigh- 
teenth century  the  general  opinion  among  writers  on  forensic 
medicine  was  that  the  cadavers  of  those  who  have  died  from  the 
effects  of  poisons,  including  arsenic,  putrefy  more  rapidly  than 
usual.  At  the  present  time  the  opposite  view,  so  far  as  arsenic 
is  concerned,  is  very  generally  entertained  by  those  who  have  not 
made  a  special  study  of  the  subject. 

That  arsenic,  when  present  in  sufficient  quantity,  acts  as  an 
antiseptic  cannot  be  doubted.  The  embalming  liquids  now  so 
generally  used  are  very  frequently  arsenical  solutions,  and  when 
used  secundum  artem  and  in  sufficient  quantity,  they  certainly 
perform  their  intended  purpose  of  preventing  decay.  We  have 
seen  a  cadaver  embalmed  with  arsenic  exhumed  after  fifty-four 
days'  burial  whose  external  appearance,  save  for  patches  of 
mould  on  the  eyes,  lips,  and  forearm,  did  not  differ  from  that  of  a 
living  person,  while  the  internal  organs,  even  to  the  brain,  were 
as  firm  in  texture  and,  so  far  as  gross  appearances  went,  as  well 
preserved  as  are  those  of  a  body  within  a  day  after  death  in 
winter.  But  to  produce  this  result  a  notable  quantity  of  arsenic 
is  required,  and  if  the  quantit}-  be  insufficient,  or  if  the  injection 
be  limited  to  the  abdominal  cavity,  putrefaction  proceeds  as 
usual,  notwithstanding  the  rapid  diffusion  of  arsenic  throughout 
the  cadaver. ° 

As  arsenic   does  not   act  as   a  dehydrating  or  coagulating 

'Fristo:   Ann.   d'hyg.,    1830,   iv.,  MVard:  Edinb.  M.  and  S.  Jour., 

437.     Ingerslev:     Hosp.-Tid.,     Kjo-  1S30.  xxxiii.,  61. 

benh.,  1867,  x.,  161.  ■"  Seidel-Maschka:  "Handb.  d.  ger. 

"  Taylor:  Guy's  Hosp.  Rep.,  1S.51-  Med.,"  ii.,  246. 

52,    2    s.,    vii.,    187.     Hemann:    St.  *  Haberda:  Wien.  klin.  Wchnschr., 

Petersb.    med.    Ztschr.,    1S69,    xvi.,  1S07,  x.,  201. 

104.  MVitthaus:   "Researches  Loomis 

Lab.,"  ISOO,  i.,  48. 
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agent,  and  as,  of  course,  it  cannot  prevent  putrefaction  by  re- 
moval of  air  or  restraint  of  temperature,  its  antiseptic  power 
must  depend  entirely  upon  its  germicidal  action.  That  its  toxic 
action  toward  the  lowest  forms  of  life  is  very  greatly  inferior 
to  that  which  it  exerts  upon  the  higher  forms  is  shown  by  many 
observations.  MiqueP  found  that  to  prevent  putrefaction  of 
beef  tea  by  arsenic  trioxid  a  solution  of  the  strength  of  1 :  166  is 
required,  and  with  sodium  arsenite  the  strength  must  be  increased 
to  1:111,  while  the  same  end  is  attained  by  a  solution  of  mercuric 
chlorid  of  1 :  14,300,  and  by  mercuric  iodid  in  the  dilution  of 
1:40,000.  The  experiments  of  Johannsohn^  have  shown  that 
although  arsenic  trioxid  by  long  contact  with  yeast  gradually 
destroys  its  power  of  causing  alcoholic  fermentation,  it  acceler- 
ates putrefaction  of  the  ferment,  if  present  in  small  amount,  by 
favoring  the  development  of  bacterium  termo.  The  growth  of 
moulds  is  not  interfered  with  by  arsenic,  and  we  have  repeatedly 
seen  solutions  of  arsenious  acid  become  mouldy  on  exposure  to 
air. 

That  a  cadaver  may  putrefy  rapidly  after  having  been  more 
than  usually  impregnated  with  arsenic  during  life  is  evidenced 
by  the  case  of  an  arsenic  eater  who  died  from  an  overdose,  which 
is  reported  by  Parker.^  He  had  taken  arsenic  daily  for  four 
years,  the  dose  per  diem  during  the  last  few  months  having 
been  between  two  and  three  grains  (0. 13-0.2  gm.).  In  twenty- 
four  hours  after  death  the  whole  body  was  swollen  and  disfigured, 
the  abdomen  was  distended  to  its  utmost  limits,  all  voluntary 
muscles  were  very  rigid,  the  countenance  was  livid,  the  skin  of 
the  face  glistened  with  emphysematous  distention  and  venous 
congestion;  there  were  general  emphysema  and  capillary  con- 
gestion of  the  surface, of  the  body;  and  the  penis  and  scrotum 
were  black  and  swollen  from  decomposition  and  gaseous  dis- 
tention.    This  occurred  in  November. 

On  the  other  hand,  numerous  observations  show  that  the 
cadavers  of  those  who  die  from  arsenical  poisoning  generally 
putrefy  less  rapidly  than  other  bodies  under  hke  conditions  and 

'  " Les  organismes  vivants  de  I'at-  1905,  xlii.,  1044)  reports  a  case  of 

mospWre,"  Paris,  1883,  c.  ix.,  acute  poisoning  by  Paris  green  in 

^  Arch.  f.  exp.  Path.   u.  Pharm.,  which  the  body    was    in   advanced 

1874,  ii.,  99-122.  putrefaction  66  hours  after  death  in 

"Edinb.  M.  Jour.,   1864,  x.,   123.  March. 
Mayerhoff     (Berl.     kl.     Wchnschr., 


504  TOXICOLOGY WITTHAUS. 

are  frequently  exempted  from  the  usual  odorous  putrefactive 
changes.  This  we  believe  is  in  many  instances  due  to  extensive 
loss  of  water  by  purgation  during  life,  rather  than  to  any  truly  an- 
tiseptic influence  of  the  arsenic.  Exceptional  instances  have, 
however,  been  observed  in  which  this  cause  could  not  have  been 
operative.  Hedley'  reports  the  case  of  a  man  of  twenty-four 
years  who  died  in  twenty-four  hours  without  having  purged,  and 
whose  body  one  hundred  and  forty-one  days  after  death  was 
sufficiently  preserved  to  admit  of  identification.  Hitchcock^ 
describes  the  case  of  a  woman  who  died  in  eighteen  hours  from 
the  effects  of  arsenic  (more  than  four  grains  of  which  were  sepa- 
rated from  the  cadaver)  whose  body  was  identified  ten  years 
later  by  the  features  alone,  although  other  bodies  buried  later  in 
the  same  cemetery  had  wholly  decayed. 

When  suspicion  of  homicidal  poisoning  has  been  awakened 
months  or  years  after  the  alleged  commission  of  the  crime,  and 
the  body  of  the  deceased  has  been  exhumed,  its  degree  of  pres- 
ervation has  frequently  been  an  important  subject  of  consider- 
ation. The  preservation  of  the  bodies  exhumed  and  examined 
by  Welper  in  the  case  of  the  widow  Ursinus  in  1803,  and  by 
Bachman  in  that  of  the  widow  Zwanziger  in  1812,  led  to  the 
impression  that  mummification'  is  not  only  a  result  of  arsenical 
poisoning,  but  is  an  indication  that  it  has  occurred.  So  firmly 
was  this  view  entertained  by  Burdach  and  Butzke*  that  in  a 
case  of  suspected  homicide  in  1837,  they,  having  made  an  au- 
topsy, buried  the  body,  exhumed  it  after  five  months,  and  de- 
clared in  favor  of  arsenical  poisoning  from  the  symptoms,  post- 
mortem appearances,  and  mummification,  although  arsenic  was 
not  detected. 

In  a  more  recent  case,  that  of  Spei^hert^  in  1876,  undue 
weight  was  given  to  the  fact  that  the  body  of  the  deceased  was 
found  mummified  after  eleven  months'  burial,  and  the  convic- 
tion seems  to  have  depended  largely  upon  the  statements  of 
Koch,    Zagrodski,  and  Wolff  that  they  could  not  explain  the 

'  Lancet,  1842-43,  ii.,  801.  brown,  dry,  almost  odorless  parch- 

Boston  M.  and  S.  Jour.,   1849,  ment-like  or  powdery  material. 

^^^t'^'.u-                 •  "Burdach:  "Gerichtsarztl.  Arbei- 

In  this  connection  natural  mum-  ten,"  1839,  pp.  35-65 

niification  is  understood;  a  drying  =  Lowig:  ''  Arsenikvergif t.  u. 

ot  the  body,  m  contradistinction  to  Mummifikation,"    Breslau,   1887. 

the  ordinary  soft  putrefaction,   re-  Kobert "  Intoxikationen,"  2te  Aufl., 

suiting    in    Its    conversion    into    a  ii.   207, 
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condition  of  the  cadaver  on  any  other  theory  than  arsenical 
poisoning.  A  small  quantity  of  arsenic  had  been  found  in  the 
cadaver  by  Sonnenschein,  the  presence  of  which  was,  however, 
subsequently  accounted  for  by  the  fact  that  the  deceased  had 
taken  tartar  emetic  which  was  shown  to  have  contained  arsenic. 
In  a  Polish  case  in  1884  the  possibility  that  arsenic  had  been 
introduced  into  the  cadaver  "was  excluded"  by  the  occurrence 
of  vomiting  and  purging  during  life,  the  presence  of  traces  of 
arsenic  in  the  stomach,  intestines  and  liver,  and  the  existence  of 
the  mummification    "characteristic  of  arsenical  poisoning. "* 

Bischoff,^  in  a  report  in  May,  1885,  says  that  in  twenty  cases 
of  arsenical  poisoning  investigated  by  him  he  has  but  seldom  met 
with  mummification,  and 'then  only  in  the  abdomen,  without 
noticeable  preservation  of  the  remainder  of  the  body,  and  that  he 
has  frequently  seen  total  mummification  under  the  most  varied 
conditions,  without  the  presence  of  a  trace  of  arsenic. 

In  the  Buffenbarger  case  in  Ohio  in  1871,  the  body  of  the 
victim  was  found  in  a  remarkable  condition  of  preservation  after 
four  years'  burial,  the  tissues  being  quite  firm  and  the  stomach 
parchment-like.  In  their  report  of  the  case  Bartholow  and 
Whittaker^  discuss  the  subject  of  the  preservative  action  of 
arsenic,  and  do  not  consider  it  to  have  been  the  cause  of  the  con- 
dition of  the  organs  in  this  instance,  particularly  as  the  stomach 
was  not  so  well  preserved  as  other  parts. 

In  connection  with  the  investigation  of  the  crimes  of  that 
most  industrious  of  poisoners,  Frau  van  der  Linden  (Swanen- 
burg)  at  Leyden  in  1883-85,  Zaaijer*  examined  the  bodies  of 
sixteen  supposed  victims  at  periods  varying  from  fourteen  and 
a  half  hours  to  two  years  and  eleven  months  after  death,  in  all 
but  two  of  which  arsenic  was  found;  and  made  an  extended 
study  of  the  occurrence  and  conditions  of  mummification.  We 
give  his  conclusions  as  expressing  the  most  enlightened  view 
upon  the  subject: 

1.  Mummification  is  of  very  frequent  occurrence. 

2.  Bodies  containing  no  arsenic  under  the  same  conditions 


'Schaitter:     Virch.-Hirsch.    Jbt.,  'Cincinnati    Clinic,    1871,    i.,    9, 

1884,  i.,  481.  25.     See    also     Wormley:     "Micro- 

"  Vierteljschr.  f.  gar  Med.,   1893,      Chem.  of  Poisons,"  2d  ed.,  252. 
3  F.,  vi.,  85.  *  Viertljschr.   f.  ger.   Med.,   1886, 

n.  F.,  xliv.,  249-277. 
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as  arsenical  cadavers  are  equally  well  preserved  and  also  become 
mummified. 

3.  The  relative  frequency  of  mummification  of  the  abdomi- 
nal and  thoracic  walls,  of  the  skin  upon  the  wrists,  knees,  ankles, 
hands,  fingers,  feet,  and  toes  are  easily  explainable  irrespective 
of  the  influence  of  arsenic. 

4.  There  is  no  so-called  arsenic-mummification  (that  is,  for 
toxic  doses). 

5.  Cadaveric  mummification  is  without  significance  in  for- 
ensic ,  toxicology. 

Partial  conversion  of  the  tissues  into  adipocere  has  also  been 
observed  in  arsenical  cadavers,'  under  circumstances  similar  to 
those  existing  when  the  same  change  is  observed  in  the  bodies 
of  those  who  have  died  from  other  causes.^ 

During  putrefaction  hydrogen  sulfid  is  formed  from  the  sulfur 
of  the  proteins;  this  converts  any  soluble  arsenical  compound 
into  arsenic  trisulfid  to  a  greater  or  less  extent,  and  this,  being  in- 
soluble in  acid  liquids,  is  deposited  and  communicates  a  bright 
yellow  color  to  the  tissues  which  it  impregnates,  or  tinges  the 
crystals  of  white  arsenic  which  may  remain  adherent  to  the  walls 
of  the  stomach  and  intestine  more  or  less  deeply  yellow.  It  may 
also  be  dissolved  out  when  the  reaction  becomes  alkaline,  and 
may  thus  migrate  so  as  to  communicate  its  yellow  color  to  other 
organs,  to  the  skin,  and  even  to  the  grave  clothes  and  linings  of 
the  casket.  Deposits  of  arsenic  trisulfid  have  also  been  found 
on  the  endocardium.^  Arsenic  trisulfid  thus  formed  is  most 
frequently  met  with  in  cadavers  which  have  been  long  buried,* 
but  Robert'  has  reported  a  case  in  which,  after  a  burial  of  20  days, 
the  white  arsenic  had  been  completely  converted  into  trisulfid, 
and  Hofmann,"  as  well  as  Littlejohn  and  Drinkwater,'have  found 
marked  formation  of  the  trisulfid  two  days  after  death.  But 
several  cases  have  been  reported  in  which  either  non-arsenical 
white  crystals  and  yellow  coloration  have  been  met  with,  the 

1  London  M.  and  S.   Jour.,  1834-  Schmidt's    Jahrb.,    1S48,   Ix.,    275. 

35,  XI.,  760.     Ohio  M.  and  S.  Jour.,  Buchner:  Friedreich's  Centralarch., 

1863,  XV.,  467.     Wien.  med.  Wchn-  1849,  696.     Paterson:  Edinb.  M.  J., 

schr.,  1867,  xvn.,  533.    Ann.  d'hyg.,  1858,  iii.,  394.     Stevenson:  Lancet, 

1886,  3  s.,  xy.,  24.  1S84,  i.,  563. 

bee  vol.  1.,  p.  933.  s  Aerztl.  Sachverst.  Ztg.,  1903,  ix., 

Bose:    Indian    Med.     J.,    1892,  369. 

^Vo-',  142.  "Wien.    med.    Wchnschr.,    1886, 

*Scheulen:   Wchnschr.   f.   d.  ges.  xxxvi.,  333,  412. 

Heilk.,     1844,     xiii,,     372.     Lerch:  '  Edinb.  M.  J.,  1906,  n.  s.,  xix.,  26. 
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former  consisting  of  phosphates  and  the  latter  of  derivatives  of 
bile  pigments,  or  the  arsenical  nature  of  the  pigment  has  not  been 
sufficiently  demonstrated. ' 

A  chemi&al  examination  of  these  yellow  stains  should  there- 
fore never  be  neglected  when  they  are  found.  Arsenic  trisulfid 
may  be  dissolved  out  by  ammonium  hydroxid  solution,  which, 
after  filtration,  deposits  it  unchanged  on  evaporation.  The 
bihary  stains,  on  the  other  hand,  may  be  dissolved  out, 
after  drying,  by  chloroform,  which  on  evaporation  leaves  a 
residue  which  responds  to  the  Gmelin  reaction  and  other  tests 
for  bile  pigments.  The  residue  of  their  aqueous  or  ammoniacal 
extract  also  responds  to  the  Pettenkofer  reaction. 

Arsenic  also  undergoes  other  transformations  during  putre- 
faction, resulting  in  the  gradual  escape  of  a  notable  proportion 
from  the  cadaver,  and  the  fixation  of  the  remainder  therein. 
Weimann^  has  shown  that  animal  matter  containing  arsenic 
gives  off  a  vol,atile  arsenical  compound  having  an  intense  garlic 
odor  and  causing  severe  headache  when  inhaled,  probably 
hydrogen  arsenid  or  an  arsin;  and  Hamberg^  found  that  of  known 
weights  of  arsenic  mixed  with  organs  and  buried  nine  years,  more 
than  one-half  had  been  converted  into  volatile  compounds  and 
had  disappeared.  But  the  escape  of  arsenic  in  this  manner  is 
slow  and  probably  never  complete,  a  portion  being  converted 
into  fixed  and  insoluble  calcium  and  magnesium  compounds. 
In  many  cases  the  presence  of  arsenic  has  been  demonstrated  in 
cadavers  after  several  years'  burial;  in  one  instance  after  twenty- 
two  years.* 

CHRONIC  ARSENICAL  POISONING. 

The  chronic  form  of  arsenical  poisoning  is  of  medical  and 
hygienic  interest  when  it  results,  as  it  most  frequently  does, 
from  the  continued  absorption,  whether  from  the  gastro-enteric 

'Widemann:  Ztschr.  f.  d.  Staats-  1905,  Ivi.,   291.     See  also  Engelin: 

arznk.,  1840,  xxxix.,  182.     Letheby:  Ann.  Soc.  m^d.-l^g.  de  Belg.,  1908, 

Lancet,  1847,  i.,  44.     Taylor:  Guy's  xix.,  206. 

Hosp.  Rept.,   1851-52,  2  s.  vii.,  22,  ^Pharm.  Ztschr.  f.  RussL,   1886, 

187.     Whitford:    Lancet,    1884,    i.,  quoted    by    Robert:    AerztL    Sach- 

419.     Brown  and   Davies:   Ibid,  p.,  verst.  Ztg.,  1903,  ix.,  373. 

421,    and    Med.    Times     and    Gaz.,  *  Steinhauser:     Ztschr.     f.     Med. 

1884,  i.,  319.     Greenow:  Ibid.,  1878,  Chir.  u.  Geburtsh.,  1867,  n.  F.,  vi., 

ii.,  626.  325. 

^Friedreich's    Bl.    f.    ger.    Med., 
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or  pulmonary  surfaces,  of  minute  quantities  of  an  arsenical 
compound,  for  a  considerable  period  of  time.  Such  cases  may 
occur  sporadically,  as  in  taxidermists  and  others  industrially  in 
contact  with  arsenical  compounds,  in  persons  inhabiting  rooms 
whose  walls  are  papered  or  painted  with  arsenical  papers  or  pig- 
ments,' or  in  patients  to  whom  the  drug  has  been  administered 
medicinally  for  too  long  a  period  of  time  or  in  too  large  quantity. 
Frequently  also  many  individuals  may  be  attacked  at  the  same 
time  and  in  the  same  locality,  and  the  trouble  may  be  epidemic, 
as  in  the  "6pidemie  de  Paris"  in  1828,^  in  the  poisonings  by  the 
wines  of  Hy^res  in  1888,^  and  in  the  epidemic  of  beer  poisonings 
in  the  northern  and  midland  counties  of  England  in  1900;*  or 
endemic,  as  in  the  "  Reichenstein  disease,"  peculiar  to  the  town 
of  that  name  and  its  environs  in  Silesia.'' 

A  medico-legal  interest  in  this  form  of  arsenical  poisoning  is 
awakened  under  two  conditions:  In  those  homicidal  cases  in 
which  the  poison  is  administered  in  repeated  small  doses,  with  or 
without  a  larger  dose  at  the  beginning  or  end  of  the  series  of 
crimes.  Frequently  the  clinical  history  of  these  cases  differs 
from  those  which  may  be  classed  as  accidental  in  that  there 
occur,  during  the  course  of  the  chronic  poisoning,  a  series  of  more 
or  less  pronounced  acute  attacks  corresponding  to  each  adminis- 
tration, the  dose  given  by  the  poisoner  being  small,  yet  larger 
than  is  usually  accidentally  absorbed,  and  sufficient  to  produce 
acute  symptoms.  Excellent  illustrations  of  such  cases  are  found 
in  the  several  poisonings  at  Havre  in  1886-1888  (Aff.  Pastr6- 
Beaussier)  which  formed  the  subject  of  a  thorough  investigation 
by  Brouardel  and  Pouchet.^  According  to  the  theory  of  the 
prosecution,  this  was  the  method  of  administration  followed 
in  the  Maybrick  case,  and  in  the  Aff.  Canaby.^  Lesser*  also 
reports  four  cases  of  homicide  by  repeated  administration;  one, 
by  fly-paper  under  peculiarly  revolting  circumstances. 

Quite  frequently  a  chronic  poisoning,  or  at  all  events  the 
prominent  symptoms  thereof,  is  a  late  result  of  a  single  large 

'  See  pp.  424,  581.  »  Ann.   d'hyg.,   1889,   3  S.,  xxii., 

^Nielsen:    New    Sydenham    Soc.  137,356,460. 

Tr.,  clxx.,  237.     Graves:  Ibid.,  1884,  '  Dumora:  Arch,  d'anthrop.  crim., 

1-,  573.  1906,  xxi.,  716.      Carles:  J.  de  m«d., 

'See  p.  423.  de  Bordeaux,  1906,  xxxvi.,  395. 

^  See  p.  419.  »  Vrtljschr.  f.  ger.  Med.,  1897,  3 

'  Geyer:  Arch.  f.  Dermat.,   1898,  F.,  xiv.,  305. 
xliii.,  221. 
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dose,  and  most  cases  of  acute  poisoning  in  which  death  is  dehiyed 
manifest  this  succession  of  types.  ^  In  some  of  these  cases  the 
patient  apparently  recovers  entirely  from  an  acute  poisoning,  to 
be  taken  after  some  days  with  chronic  symptoms.  Thus 
Kov4cs^  reports  the  case  of  a  man  who  was  discharged  after 
a  week's  illness,  caused  by  his  having  taken  0.6  gm.  (9.25  gr.)  of 
white  arsenic,  and  who  was  readmitted  one  month  later,  suffer- 
ing from  pronounced  arsenical  paralysis,  etc.,  for  which  he  re- 
mained under  treatment  for  two  months.  More  usually  the 
acute  symptoms  gradually  diminish  in  intensity,  and  merge, 
through  a  subacute  type,  into  those  characteristic  of  the  chronic 
form.  When  such  cases  terminate  in  death  the  duration  is  usu- 
ally a  fortnight  or  less;  but  in  non-fatal  cases  the  paralyses  may 
continue  for  a  much  longer  period.  Thus  Morton^  relates  the 
case  of  a  woman  of  thirty-five  years  who  required  three  months, 
after  having  taken  a  drachm  (31  grm.)  of  white  arsenic  and  a 
phial  of  laudanum,  to  regain  the  use  of  her  hands  and  feet. 
Barnett*  and  Stanley^  report  cases  of  attempted  suicide  in  each 
of  which  a  year  elapsed  before  recovery  was  complete. 

Symptoms. — Our  knowledge  of  the  clinical  phenomena  of 
chronic  arsenical  poisoning  is  derived  largely  from  a  study  of  the 
Havre  poisonings,  from  the  accounts  of  Vidal  and  others  of  ob- 
servations made  in  the  poisonings  caused  by  the  wines  of  Hyferes," 
published  by   Brouardel   and  Pouchet,'  from  a  study  of  the 

'  According  to  Prolss  (Friedreich's  1903,  xix.,  589.     Rispal   and  Buy: 

Bl.    f.    ger.    Med.,    1901,   lii.,  350),  Toulouse  m6d.,  1903,  2  s.,  v.,  261, 

seventy  per  cent,  of  the  chronic  cases  265.     Hedr^n:      Vrtljschr.     f.    ger. 

collected  by  Alexander  and  himself  Med.,  1905.    3  F.,  xxix,  Suplh.  56; 

followed  acute  poisonings.     For  and  cases  cited  in  notes  below, 
other  similar  cases  see  Orfila:  Ann.  ^  Wien.  kl.   Wchnschr.,   1889,  ii., 

d'hyg.,    1833,    ix.,    410.      Tardieu:  629.     For  similar  cases  see  Huber: 

"Empois.,"     2eme  ed.,  433.     Ker-  Ztschr.  f.  kl.  Med.,  1888,  xiv.,  444. 

sten:    Deut.    Khn.,    1851,    iii.,  393.  Marik:  Wien.  kl.  Wchnschr.,   1891, 

Laure:   Lyon   m^d.,    1869,   iii.,   48.  iv.,     565.     Meirowitz:     New    York 

SeeligmiillerrDeut.med.  Wchnschr.,  M.    J.,    1895,    Ixi.,    277.    Thiersch: 

1881,  vii.,  195.     Dana:  Brain,  1886  Wien.  med.  Bl.,  1896,  xix.,  131,  149. 

-7,  ix.,  456  (Paris  green).     Goldflam:  v.   Jaksch:  Prag.   med.   Wchnschr., 

Ztschr.  f.  kl.  Med.,  1888,  xiv.,  399.  1904,     xxix.,    359.     Mendel:    Ihid., 

Huber:  Aerztl.  Int.-BL,  1880,  xxvii.,  1905,  xxx.,  445.     Raymond:  J.  de 

557.     Seguin:   J.    Nerv.    and  Ment.  m^d.  int.,  1906,  x.,  12. 
Dis.,    1882,   ix.,    668    (Paris   green).  '  Med.  Reptr.,  West  Chester,  Pa., 

Erliki  and  Rybalkin:  Arch.  f.  Psych.,  1855,  iii.,  55. 

1891-2,  xxiii.,  861.     Wood:  Boston  «Tr.  Med.  Soo.  N,  Y.,  1858,  225. 

M.  and  S.  J.,   1893,  cxxviii.,  414.  =  Amer.  Lancet,   1890,  n.  s.,  xiv., 

Facklam:  Arch.   f.  Psych.,    1898-9,  446. 
xxxi.,  259.     Thompson:  Med.  Rec,  "Seep.  423. 

1898,  liii.,  99.     Ferannini:  Rif.  med.,  '  hoc.  cit.,  p.  479. 
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" Reichenstein  disease"  by  Geyer/  and  from  the  observations  of 
Kelynack,  Reynolds,  and  others  made  during  the  Manchester 
beer  poisonings.^  In  general  character  the  symptoms  of  the 
poisoning  resemble  those  of  alcoholic  neuritis,  accompanied  by 
varied  skin  manifestations.  Brouardel  and  Pouchet  divide  its 
course  into  four  distinct  and  well-defined  phases  or  periods: 

I.  The  Period  of  Digestive  Disturbances. — The  case  usually 
begins  with  gastric  disorders,  which  are  marked  by  mild  forms 
of  the  symptoms  already  described  as  those  of  acute  poisoning 
with  certain  differences:  the  vomitings  are  not  generally  ac- 
companied or  followed  by  painful  sensations  in  the  stomach 
(as  in  acute  poisoning),  they  occur  suddenly,  seven  or  eight  times 
a  day,  are  abundant,  and  consist  of  a  glairy  liquid  tinged  with 
bile.  The  gums  are  red  and  soft,  without  any  blue  line;  and  the 
tongue  is  coated  with  a  typical  thin,  white,  silvery  film.  Con- 
stipation is  more  usual  than  diarrhcea,  but  sometimes  there  are 
a  few  sanguinolent  stools.  The  intestinal  disturbance  lasts  but 
a  short  time.  Febrile  symptoms,  resembling  those  of  typhoid, 
with  a  pulse  of  110-120  also  occur.  The  temperatures  may 
reach  101°  to  102°  in  the  morning  and  102°  to  103°  at  night, 
which  may  continue  for  two  to  three  weeks  or  last  until  death. 

II.  Period  of  Eruption, — Laryngo-bronchial  Catarrh. — The 
laryngeal  and  bronchial  symptoms  are  those  of  spasmodic  grippe. 
The  bronchitis  is  pronounced.  The  laryngoscope  reveals  the 
existence  of  laryngeal  catarrh.  The  fauces  are  congested,  and 
there  is  marked  congestion  and  thickening  of  the  vocal  cords,  caus- 
ing a  typically  hoarse  and  husky  voice.  In  some  instances  there  is 
aphonia,  almost  without  cough,  which  may  persist  for  a  fortnight. 
There  are  sibilant  or  snoring  rales,  and  mucous,  sometimes 
bloody  expectoration.  At  the  same  time  there  is  intense  coryza, 
accompanied  by  suffusion  of  the  eyes  and  great  congestion  of 
the  conjunctivae.  The  face  is  puffy,  crimson  to  dusky-red,  or 
even  coppery,  in  color. 

During  this  period,  before  the  catarrh  sometimes,  and  oc- 
casionally at  a  later  period,  cutaneous  manifestations  appear, 
and  a  redness  and  puffiness  of  the  eyelids  and  of  the  scrotum; 
various  erythemata  upon  different  parts  of  the  body:  erythro- 

^Loc.cit.  Ixxxiv.,    409.     See    also    numerous 

Keynack:  Lancet,  1900,  ii.,  1600.       articles  in  the  Lancet  and  Brit.  Med. 

Keynolds:  Med.-Chir.  Trans.,   1!)01,       J.  for  the  years  1900,  1901  and  1902. 
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melalgia,  keratosis,  herpes  zoster,  and  pigmentation.  The  pig- 
mented patches  are  gray,  yellowish-gray,  or  dirty  brownish  in 
color,  occur  upon -the  face,  neck,  loins,  abdomen,  knees,  genitalw, 
in  the  axillje,  or  about  the  anus,  and  are  frequently  of  large  area. 
There  are  furfuraceous  or  squamous  exfoliations  of  the  epider- 
mis, loss  of  hair  and  even  loss  of  one  or  more  nails.  The  epider- 
mic and  laryngeal  symptoms  are  attributed  to  the  elimination  of 
arsenic  by  the  skin  and  laryngo-bronchial  epithelium.  Arsenic 
was  found  in  the  Havre  cases  in  the  epidermis,  nails,  and  hair. 

III.  Period  of  Disorders  of  Sensibility.-^ A  very  frequent  and 
early  symptom  is  severe  general  headache,  which  persists  for 
quite  a  time.  Then  there  is  a  feeling  of  numbness  in  the  legs 
and  feet,  with  tinglings,  burning  and  prickling  in  the  toes  and 
fingers,  sometimes  accompanied  by  rather  severe  cramps.  Great 
tenderness  on  pressure  of  the  muscular  masses  of  the  legs  and 
arms  is  considered  by  Reynolds  to  be  a  diagnostic  symptom. 
Later  there  are  severe  pains,  sometimes  shooting,  but  more  fre- 
quently crushing  in  character,  principally  in  the  tibio-tarsal 
and  tarso-metatarsal  articulations.  The  sensations  are  some- 
times peculiar;  one  described  them  as  if  "he  had  animals,  dogs, 
in  his  ankles  and  soles  which  were  gnawing  the  skin,"  another  as 
if  "he  had  butterflies  crawling  in  his  back."  In  almost  all 
the  pressure  of  the  bed  coverings  on  the  feet  and  legs  becomes 
insupportable. 

The  general  sensibility  is  not  notably  affected.  There  is, 
however,  diminution  of  sensation,  frequently  quite  marked. 
The  patients  do  not  have  a  clear  impression  of  the  resistance  of 
the  ground  upon  which  they  walk;  touch  or  slight  pressure  may 
not  be  perceived,  and  pricks  are  less  distinctly  felt.  In  some 
cases  the  loss  of  sensation  in  the  upper  extremity  has  been  such 
that  the  patients  do  not  hold  objects  in  the  hand  when  they  look 
away.  There  is  no  interference  with  the  special  senses.  The 
secretions,  notably  the  perspiration,  are  increased,  particularly 
in  young  patients.  Loss  of  sexual  desire  is  almost  constantly 
observed. 

IV.  Period  of  Paralysis. — The  motor  disturbances  follow, 
but  if  the  intoxication  be  light  they  are  absent  or  only  slightly 
marked.  They  begin  with  a  certain  degree  of  muscular  feeble- 
ness, afterward  the  patient  becomes  fatigued  much  more 
quickly,  he  has  difficulty  in  going  upstairs,  and  throws  his  legs 
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directly  forward  in  walking.  In  stepping  the  heel  comes  down 
first,  and  then  there  is  sudden  descent  of  the  anterior  part  of 
the  foot.  The  paralysis  increases,  the  muscles  of  the  calves  and 
then  those  of  the  thighs  become  involved,  the  patient  can  neither 
walk  nor  stand  upright  without  support.  When  seated  the  foot 
hangs  limp.  The  muscular  paralysis  begins  in  the  upper  ex- 
tremity with  the  small  muscles  of  the  hands,  particularly  the 
interossei,  extends  to  the  extensor  communis  digitorum  and  other 
muscles  of  the  forearm,  attacking  in  preference  the  extensors  and 
supinators,  which  become  atrophied.  In  severe  cases  all  of  the 
muscles  of  the  arm  are  affected.  -The  muscles  of  the  trunk  be- 
come weak,  and  the  patient  cannot  raise  himself  in  bed.  In 
some  cases  there  is  diaphragmatic  paralysis,  with  labored  breath- 
ing, and  ineffective  power  to  cough.  .  There  is  no  paralysis  of  the 
sphincters,  except  in  the  most  marked  cases.  Faradic  excita- 
bility is  absent  in  the  muscles  most  affected,  and  diminished  in 
others.  Galvanic  excitability  is  at  least  partially  retained  even 
in  the  severest  cases.  The  tendinous  reflexes  of  the  lower  ex- 
tremity, normal  or  exaggerated  at  first,  are  absent  later.  The 
cutaneous  reflexes  are  less  affected,  the  plantar  reflex  only  being 
much  weakened.  The  cremasteric  and  abdominal  reflexes  are 
normal  in  intensity.  In  advanced  cases  there  is  total  loss  of 
memory  of  time  and  place. 

In  the  majority  of  cases  there  ie  failure  of  the  heart  muscle, 
varying  in  degree  from  dyspnoea  on  slight  exertion,  palpitation 
and  low-tension  pulse,  to  a  degree  of  failure  which  is  fatal. 

Termination. — Recovery  is  frequent  even  in  cases  in  which  the 
phases  are  distinct.  It  is  slow  when  paralysis  has  been  clearly 
defined,  and  may  require  over  a  year. 

Death  is  most  frequently  by  the  heart.  In  two  cases,  after 
a  period,  of  gastro-intestinal  symptoms,  there  was  an  attack  of 
dyspnoea  and  then  fatal  syncope;  in  another  death  occurred  sud- 
denly during  paralysis.  Or  life  may  be  extinguished  in  another 
way.  The  quantity  of  poison  taken  may  not  be  sufficient  to 
cause  death  in  the  few  days  following  its  absorption.  It  may 
have  l?een  entirely  eliminated,  but  the  anatomical  changes 
which  it  has  caused  in  the  liver,  kidneys,  and  muscular  tissue 
remain  and  lead  to  a  fatal  termination. 

The  above  is  a  statement  of  the  phenomena  observed  in  three 
series  of  cases.     But  chronic   arsenical  poisoning  assumes  the 
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most  protean  forms,  and  in  exceptional  instances  has  mani- 
fested this  or  that  symptom  not  observed  in  these  cases:  arsen- 
ical melanosis,  anassthesi'a  dolorosa  arsenicalis,  anaphrodisia 
arsenicalis,  arsenical  amaurosis,  etc.,  for  descriptions  of  which 
we  can  only  refer  to  special  treatises.* 

Tunnicliffe  and  Rosenheim  advanced  the  view  that  some 
at  least  of  the  toxic  effects  noted  in  the  English  beer  poisonings 
might  be  attributed  to  selenium  compounds,  which  are  also 
•  present  in  impure  sulfuric  acid.  This  view  should  be  considered 
in  cases  where  chronic  arsenical  poisoning  is  traceable  to  impure 
sulfuric  acid.^ 


ARSENOPHAGIA— ARSENIC  EATERS— TOLERANCE 
OF  ARSENIC. 

That  the  habit  of  taking  arsenic  exists  in  certain  localities 
and  among  certain  classes  of  the  inhabitants  of  many  large 
cities  does  not  admit  of  question. 

Attention  was  first  drawn  to  this  habit,  which  was  then 
probably  limited  within  very  narrow  boundaries,  by  von  Tschudi, 


'  Lewin:  "  Nebenwirkungen  der 
Arzneimittel,"  1893,  419-30.  Im- 
bert-Gombeyre:  "Suites  de  Tem- 
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1881.  Miiller:  "Arseumelanose," 
Diss.,  Berlin,  1892.  Da  Costa: 
PhUa.  Med.  Times,  1880-81,  xi., 
385-90,  614-616.  Erlicki  u.  Rybal- 
kin:  Arch.  f.  Psychiatr.,  Berlin, 
1891-92,  xxiii.,  861-895.  Marik: 
Wien.  klin.  Wochnschr.,  1891,  iv., 
565,  595,  614,  648,  666,  6S6,  710,  728, 
747.  Leszynsky:  Med.  News,  1889, 
liv.,  251.  Seeligmuller:  Deut.  med. 
Wchnschr.,  1881,  vii.,  185,  200, 
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th^rap.,  1864,  Ixvi.,  529-534.  Hutch- 
inson: Arch.  Surg.,  London,  1889, 
i.,  75.  Falkenheim:  "Mitth.  a.  d. 
m.  Klin,  zu  Konigsberg,"  Leipzig, 
1888,  114-131.  Engel,  Reimers: 
Jahrb.  d.  Hamb.  Staatskrankeu- 
anst.,  1890,  Leipzig,  1892,  ii,,  428. 
McPhedran:  Canada  Pract.,  1890, 
XV.,  1.  Startin:  Lancet,  1879,  ii., 
940.  Putnam:  Boston  M,  and  S. 
IV.— 33 


Jour.,  1889,  cxx.,  235,  253.  Loewi: 
Arch.  f.  exp.  P.  u.  P.,  1897,  xxxviii., 
132.  Seyer:  Arch.  f.  Derm.  u. 
Syph.,  1898,  xliii.,  221  (skin  manifes- 
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Janowski:  Ztschr.  f.  klin.  Med., 
1903,  xlvi.,  60.  Mann:  Med. 
Chir.  Trans.,  1901,  Ixxxiv.,  434. 
Barker:  Lancet,  1901,  i.,  961.  Prolss: 
Friedreich's  Bl.,  1901,  Hi.,  346.  Brou- 
ardel:  Arch,  dem^d.exper.,  etc.,  1896, 
viii.,  786.  Coffin:  J.  d.  mal.  cutan., 
1896,  viii.,  645.  Menz:  Riv.  venet. 
di  sc.  med.,  1899,  xxx.,  21.  p'- 
Donovan:  J.  Cutan.  and  G.-U.  Dis., 
1899,  xvii.,  134.  Gerhardt:  Charity 
Ann.,  1894,  xix.,  134.  Raymond: 
Nouv.  Icon,  de  la  Salp^triere,  1896, 
ix.,  321.  Facklam:  Arch.  f.  Psych., 
1898-9,  xxxi.,  258.  Seguin:  J. 
Nerv.  and  Ment.  Dis.,  1882,  ix.,  665. 
2  Lancet,  1901,  i.,  419,  434.  See 
also  Willcox:  Ibid.,  p.  778.  Robert: 
Lehrb.  d.  Intox.,  2te  Aufl.  ii.,  33, 
and  authors  there  quoted. 
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who  published  an  account  of  his  observations  in  the  mountainous 
districts  of  Styria  and  Hungary  in  1851/  the  publication  being 
prompted  by  the  outcome  of  a  trial  for  murder  by  arsenic  in 
which  the  defendant  was  acquitted,  the  defense  having  set  up 
the  theory  that  the  deceased  was  an  arsenic  eater. 

In  his  two  papers  von  Tschudi  refers  to  three  cases  of  arsenophagia : 
1.  That  of  a  thin  and  pale  girl,  who  after  four  months'  use  of  arsenic 
became  plump  and  red-cheeked,  but  who  died  of  poisoning  in  conse-_ 
quence  of  having  incautiously  raised  the  dose.  2.  That  of  a  man  of 
sixty  years,  in  excellent  health,  who  had  been  an  arsenophage  for  forty 
years,  who  had  acquired  the  habit  from  his  father,  whose  dose  at  that 
time  was  four  grains,  and  in  whom  there  was  not  the  faintest  trace  of 
an  arsenical  cachexia.  3.  That  of  a  man  who  had  begun  the  habit  in 
his  twenty-seventh  year  and  continued  it  until  his  sixty-third,  begin- 
ning with  a  piece  the  size  of  a  hempseed  and  increasing  the  dose  until 
he  took  between  three  and  four  grains  for  eight  to  ten  days  each  month. 
During  thirty-five  years  he  had  taken  twenty  to  twenty-two  ounces, 
yet  there  was  no  marked  change  in  his  organism  other  than  a  pecu- 
liar hoarseness,  which  is  common  among  arsenic  eaters.  On  one  oc- 
casion, being  intoxicated,  he  had  taken  too  large  a  dose  and  had  suf- 
fered the  usual  symptoms  of  arsenical  poisoning.  For  two  years  past 
he  had  discontinued  the  habit,  for  fear  of  having  dropsy,  as  did  one  of 
his  acquaintance,  and  since  stopping  the  arsenic  he  suffered  from 
gastrodynia.  Von  Tschudi  further  stated  that  the  object  of  these  peas- 
ants in  taking  arsenic  is  twofold:  (1st)  The  improvement  of  the  per- 
sonal appearance,  and  (2d)  the  improvement  of  the  "wind"  in  ascend- 
ing mountains  and  carrying  loads,  etc.  He  further  stated  that  the  symp- 
toms of  chronic  arsenical  poisoning  never  appear  in  those  who  main- 
tain their  doses  within  the  limits  to  which  they  have  become  habituated 
but  that  if  they  be  deprived  of  arsenic  they  suffer  from  symptoms 
which  bear  the  closest  resemblance  to  those  of  mild  arsenical  poison- 
ing, from  which  they  are  immediately  relieved  by  a  return  to  arsenic. 
He  also  refers  to  the  common  practice  of  giving  arsenic  to  horses  in 
Vienna  for  the  purpose  of  improving  their  condition  and  appearance, 
but  if  a  horse  so  treated  be  sold  to  an  owner  who  does  not  give  arsenic 
the  animal  loses  flesh  and  becomes  dull,  even  with  the  best  of  fodder. 
He  also  makes  mention  of  the  owner  of  an  arsenic  works  who  daily 
took  three  and  three-quarter  grains  of  arsenic  with  his  breakfast,  and 
instructed  his  operatives  in  the  same  habit  for  the  purpose  of  counter- 
acting the  in  effects  of  the  arsenical  fumes. ^ 

'  Wien.    med.    Wchnschr.,    1S51,  =  Thilenus     ("Med.-chir.    Be- 

i.,  454;  1853,  iii.,  S.  merk.,"  2d  ed..  Frankf.,  1809)  refers 
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The  statements  of  Tschudi  were  discredited  in  England,  and 
Taylor/  Christison,^  Kesteven,^  and  others  united  in  condem- 
nation of  both  doctrine  and  teacher. 

Subsequent  observations  have  shown,  however,  that  von 
Tschudi's  accounts  were  correct  upon  all  material  points.  In 
1860  Professor  Roscoe*  and  Heisch^  each  published  a  paper,  con- 
sisting of  communications  upon  the  subject  received  by  them, 
the  latter  from  Professor  Lorenz,  Professor  Arbele,  of  Salzburg, 
and  Dr.  Kettowitz,  of  Newhaus,  the  former  through  Professor 
Pebal,  of  Lemberg,  in  which  statements  substantiating  those  of 
von  Tschudi  were  made,  and  Professor  Roscoe  expressed  the 
opinion  that  decisive  evidence  had  been  brought  forward  that 
arsenic  was  regularly  eaten  in  Styria,  in  quantities  usually  con- 
sidered sufficient  to  produce  death  rapidly.  Heisch  also  refers 
to  two  cases  of  alleged  homicidal  poisoning  in  Austria  in  which 
the  defendants  were  acquitted  on  the  ground  that  the  deceased 
were  arsenophagists.''  Previously  Schiifer  had  detected  arsenic 
in  the  urine  of  an  arsenic  eater,'  and  later  reported'  the  case  of  a 
man  of  thirty  years  who  in  his  presence  and  that  of  Dr.  Knappe 
took  four  and  a  half  grains  of  white  arsenic,  and  on  the  succeed- 
ing day  five  and  a  half  grains,  whose  urine,  passed  on  the  two 
days,  contained  arsenic,  and  who  left  quite  well  on  the  succeeding 
day,  without  having  manifested  any  arsenical  symptom  while 
under  observation  during  the  three  days.  In  1863  Knapp° 
pubHshed    his    observations    of   two    other   arsenic    eaters:  (1) 


to  the  existence  of  arsenophagia  in  first  English  case  in  which  arseno- 

southern     Germany    and     Bavaria.  phagia  was  set  up  as  a  defense. 

Schallgruber  (Med.  Jahrb.  d.  CEsterr.  'Assoc.  M.  Jour.,  London,  1856, 

Staates,   1822,  n.  F.,  i.,  99)  noticed  ii.,  721,  757,  808. 

the  case  of  a  healthy  peasant  who  *  Brit,  and  For.  Med.-chir.    Rev., 

daily   took   two    grains    of    arsenic  1862,  xxix.,  142-153.     A  review  of 

trioxid.     Flechner  (Verhandl.  d.  k.  various  papers. 

k.  Ges.  d.  Aerzte  zu  Wien,  1843,  ii.,  ^  Mem.  Lit.  and  Phil.  Soc,  Man- 

237)    refers   to   the    use    of    arsenic  Chester,  London,  1860,  3  s.,  i.,  208. 

among  the  mountaineers  of  Austria  "  Ph.  J.  and  Tr.,  1859-60,  n.  s.,  i., 

and  Styria.  556. 

'"Poisons,"  2d  ed.,  1859,  89-94.  '  Sitzb.   d.   k.   k.   Akad.   d.   Wis- 

In  the  3d  ed.,  and  in  later  editions  sensch.  zu    Wien;    Math.-Phys.    CI., 

of  the  "Med.  Jur.,"  this  violent  po-  1857,  xxv.,  489. 

lemic   is   omitted.     See    "Poisons,"  ^  Ibid.,  1860,  xh.,  573. 

3d   Am.   ed.,    68-69;    "Med.    Jur.,"  =  Jahresb.    d.    Ver.    d.    Aerzte   in 

11th  Am.  ed.,  75.  Steirmark,    Graz,    1863-64,     19-21. 

^Edinb.  M.  J.,  1855-56,  ii.,  709-  The     name     is     sometimes     spelled 

710.     In  connection  with  the  case  Knappe  and  sometimes  Knapp. 
of  Reg.  V.  Wooler,  which  was  the 
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(Mathias  Scholer)  A  man  of  twenty-six  years  who  had  taken 
orpiment  for  a  year  and  a  half.  (2)  (Joseph  Flecker)  A  man  of 
forty-six  years,  who  had  taken  arsenic  since  1849,  usually  in  the 
form  of  the  trisulfid  (orpiment).  These  cases  were  also  in- 
vestigated by  Maclagan  and  Rutter,  in  whose  presence  the 
former  took  nearly  five  grains  (0.32  gm.)  of  arsenic  trisulfid,' 
and  the  latter  about  six  grains  (0 .  39  gm.)  of  the  trioxid,  without 
manifesting  any  symptoms  of  poisoning.  The  urine  in  both 
cases  was  collected  and  found  to  contain  arsenic.^ 

In  1864  Parker^  reported  the  caSe  of  an  English  arsenic 
eater  whose  daily  dose  was  between  two  and  three  grains 
(0.13-0.19  gm.)  of  white  arsenic,  who  had  taken  it  for  four 
years,  and  finally  died  of  an  overdose  taken  with  suicidal 
intent. 

In  1866  Professor  La  Rue^  published  an  observation  of  an 
arsenic  eater  in  Quebec,  who  in  his  presence  took  four  grains 
(0.26  gm.)  of  white  arsenic  and  smoked  a  further  quantity, 
mixed  with  tobacco  in  a  pipe,  without  suffering  any  incon- 
venience during  two  days  of  observation. 

In  1875  Knapp  presented  the  same  two  arsenic  eaters,  ac- 
companied by  a  third,  a  man  of  twenty-five  years,  at  a  meeting 
of  a  scientific  society  at  which  one  took  0.3  gm.  (about  five 
grains)  of  arsenic  trisulfid,  and  another  0.4  gm.  (about  six 
grains)  of  arsenic  trioxid.^  In  1885  Knapp  and  Buchner"  pub- 
lished the  results  of  their  observations  of  the  cases  of  eight  ar- 
senic eaters,  including  Flecker,  then  sixty-six  years  of  age  and 
still  in  excellent  health.  All  of  these  were  in  good  health  and 
manifested  none  of  the  symptoms  of  acute  or  chronic  arsenical 
poisoning.  The  amounts  of  arsenic  given  to  each  and  the  re- 
sults of  examination  of  their  urine  were  as  follows: 


1  Kratter      ("  Beitr.,"    p.  2)     has  *  Boston  M.  and  S.  Jour.,  1866, 

found    that    the    Styrian    trisulfid,  Ixxiv.,  439. 

which  is  the  artificial  product,  con-  *  AUg.     Wien.    med.    Ztg.,    1875, 

tains    85    to    95%    of    trioxid,    and  xx.,  355,  362. 

appears    therefore    to    be    a    mere  »  Knapp:    Erghft.    z.    Centbl.    f- 

mixture  of  trioxid  and  sulfur.  allg.  Gesundhtspfl.,  Bonn,  1SS5,  ii., 

^Maclagan:'    Edinb.      M.     Jour.,  1-15.      Buchner:  Sitzber.  d.  Gesell- 

1864,  X.,  200-207.  sch.  f.  Morph.  u.  Physiol,  in  Miin- 

'  Edinb.  M,  Jour.,  1864,  x.,  116-  chen,  1885,  i.,  109-112. 
123. 
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Age 

Dose  taken 

Quantit}'  of  urine 

AS2O3  in  urine 

66 

0.14  gm.  As„S3 

1,515  c.c. 

0.0326  gm. 

43 

0.05  gm.  As,03 

1,215  CO. 

0.0292  gm. 

54 

0.05  gm.  AsoSj 

645  c.c. 

0.01  S5  gm. 

57 

0.02  gm.  ASjOj 

23 

0.12  gm.  As,S3 

48 

0.12  gm.  As,S3 

1,525  c.c. 

0.0271  gm. 

47 

0.10  gm.  As„03 

43 

O.lOgm.  ASjOj 

All  of  the  cases  of  arsenophagia  which  have  been  the  subject 
of  investigation  in  Styria,  with  one  exception,  have  been  men, 
for  the  most  part  strong,  healthy,  and  hard  workers.  The 
writers  upon  the  subject  from  Tschudi  to  Marik^  indicate  the 
probability  of  the  existence  of  the  habit  among  women  as  well. 
The  tolerance  established  is  limited,  and  cases  have  been  re- 
ferred to  by  Schafer,  Knapp,  Schauenstein,  and  Parker  in  which 
an  overdose  has  caused  death.  Nor  is  the  dose  necessarily  in- 
creased as  with  opium.  Sexual  power  is  not  diminished,  but 
rather  increased,  and  cases  are  referred  to  by  Marik^  in  which 
the  habit  has  been  resorted  to  for  the  purpose  of  sexual  stimula- 
tion.^ The  arsenophagists,  when  maintaining  their  doses  within 
the  limits  for  which  tolerance  has  been  established,  never  suffer 
the  symptoms  of  chronic  arsenical  poisoning,  but  if  the  use  of 
arsenic  be  suddenly  discontinued,  they  suffer  from  discomfort, 
weakness,  and  trembling,  which  disappear  with  resumption  of 
the  habit.  By  gradual  diminution  of  the  dose,  however,  the 
use  is  readily  broken  off. 

Hausmann,*  who  has  made  a  critical  study  of  the  arseno- 
phage  question  states  that  the  highest  certainly  determined  dose 
taken  by  an  arsenophagist  was  0.42  gm.  (6i  grains)  of  arsenic 
trioxid  in  substance,  and  asserts  that,  inasmuch  as  it  is  impossible 
to  even  approximately  fix  the  lethal  dose  of  arsenic  for  man,  it  is 
not  proper  to  say  that  the  arsenophagists  establish  a  tolerance 
for  lethal  doses.  They  undoubtedly  do,  however,  estabhsh  a 
tolerance  of  toxic  doses. 


'  Wien.  kl.  Wochnschr.,  1892,  v., 
145,  157. 

^  Loc.  cit. 

'  Deakin  (Indian  M.  J.,  1887,  vii., 
6)  refers  to  the  use  of  arsenic  by  the 


natives    of    India    for    the    cure    of 
impotence. 

*  Arch,   int.   de  ph.    et  de  th^r., 
1903,  xi.,  483. 
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Keil'  relates  an  unusual  method  of  acquisition  of  the  arseno- 
phagic  habit.  A  man  who  had  been  previously  lean,  became 
robust  after  marriage,  from  an  attempt  on  the  part  of  his  wife 
to  remove  him  by  administration  of  repeated  small  doses  of 
arsenic.  After  leaving  her  he  rapidly  lost  20  pounds  weight, 
which  were  restored  when  he  was  subjected  to  arsenical  medica- 
tion by  his  physician. 

Upon  trials  for  murder  by  arsenic  in  this  and  other  coun- 
tries, the  use  of  arsenic  internally  without  medical  prescription 
is  frequently  invoked  either  to  account  for  the  presence  of  the 
poison  in  the  body,  when  the  quantity  found  is  small,  or  to  ex- 
plain the  purchase  of  arsenic  by  the  accused.  Thus  in  the  May- 
brick  case  it  was  claimed  by  the  defense  that  the  deceased  had 
been  in  the  habit  of  dosing  himself  with  arsenic  for  years,  and  in 
the  case  of  Peo.  v.  Ford  (New  York,  1888)  the  defendant  aheged 
that  he  purchased  pills  containing  arsenic  (which  he  adminis- 
tered to  his  wife)  for  the  purpose  of  improving  his  complexion. 
In  another  trial  for  murder  by  arsenic  in  New  York  (Peo.  v. 
Sarah  Harrington,  Del.  Co.,  1861)  it  was  proved  that  the  de- 
ceased had  for  years  used  arsenic  as  a  medicine  for  horses  and 
had  taken  it  himself.^ 

There  is  every  reason  to  believe  that  popular  arsenical  medi- 
cation has  of  late  years  become  much  more  general  than  it  for- 
merly was,  although  Marik^  refers  to  a  countess  who  related 
that  in  the  thirties  arsenophagia  was  generally  disseminated 
among  the  younger  ladies  in  the  upper  circles  of  society  at 
Florence  (Italy),  and  that  they  took  arsenic  to  render  them 
more  handsome  and  lively.  Buchner*  states  that  at  a  girls'  school 
in  Switzerland  arsenic  is  regularly  fed  to  the  pupils.  Lewin' 
refers  to  the  very  general  use  of  arsenic  in  the  form  of  Fowler's 
solution  or  of  Roncegno  mineral  water^  by  women  in  better 
circumstances,  as  well  as  by  maid-servants,  actresses,  and 
prostitutes  in  Germany.  In  the  United  States  the  pubhcation 
of  entire  columns  of  advertisements  of  "  arsenical  wafers  for  the 
complexion"  in  the  most  prominent  daily  papers  is  at  once  an 


■  Ibid.,  1902,  X.,  132.  d.  Lungentuberk.,"  Munchen,  1883, 

^Porter:    Tr.    M.    Soc,    N.    Y.,  p.  120. 
1862,155.  ="Nebenwirk.     d.     Arzneimit.," 

'  Loc.  cit.  2te  Aufl.,  Berlin,  1S03,  p.  417. 
*"Die  Aetiol.,  Ther.  u.  Prophyl.  "See  p.  420. 
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indication  of  the  prevalence  of  arsenophagia  and  a  means  for 
its  wider  dissemination.' 

In  several  instances  it  has  been  claimed  that  arsenic  or  ar- 
senical fly  papers  were  purchased  by  the  defendant  to  prepare 
a  solution  for  use  as  an  external  application,  as  a  cosmetic. 
Probably  the  earliest  case  in  which  such  alleged  use  was  the 
subject  of  inquiry  was  upon  the  trial  of  Madeleine  Smith  in 
1857.  The  defendant  had  upon  three  occasions  purchased  ar- 
senic colored  with  indigo  and  soot,  a  watery  extract  of  which 
she  claimed  to  have  applied  to  the  face,  neck,  and  arms.  Upon 
the  trial  Dr.  Lawrie  testified  to  having  washed  his  face  and 
hands  with  water  in  which  he  had  "mixed"  half  an  ounce  of 
arsenic ;  but  it  is  not  stated  whether  sufficient  time  was  allowed  for 
solution  of  any  portion  of  the  arsenic  "mixed"  with  the  water. ^ 
Two  druggists  also  testified  to  applications  having  been  made  to 
them  by  persons  desiring  to  purchase  arsenic  "for  the  com- 
plexion," and  reference  was  made  to  popular  articles  upon  the 
subject  in  Blackwood' s  and  Chambers'  magazines.^  In  the  case  of 
Minnie  Walkup  (Kansas,  1886),  it  was  shown  that  the  defendant 
had  purchased  four  and  a  half  ounces  of  arsenic  from  two  drug- 
gists, and  had  on  two  occasions  attempted  to  purchase  strychnin. 
The  purchases  of  arsenic  occurred  in  the  week  preceding  her 
husband's  death  by  arsenical  poisoning,  and  were  made  upon 
representation  that  it  was  for  use  as  a  cosmetic*  In  the  May- 
brick  case  it  was  shown  that  in  April  the  defendant  had  purchased 
three  dozen  arsenical  fly  papers,  some  of  which  were  found  soak- 
ing in  a  basin.  To  explain  these  purchases  the  defendant  made 
the  following  statement : 

"The  fly  papers  were  bought  with  the  intention  of  using  as  a  cos- 
metic. Before  my  marriage,  and  since  for  many  years,  I  have  been  in 
the  habit  of  using  a  face  wash  prescribed  for  me  by  Dr.  Greggs,  of 
Brooklyn.  It  consisted  principally  of  arsenic,  tincture  of  benzoin, 
elder-flower  water,  and  some  other  ingredients.  This  prescription  I 
lost  or  mislaid  last  April,  and  as  at  that  time  I  was  suffering  from 
slight  eruption  of  the  face,  I  thought  I  should  like  to  try  to  make  a 
substitute  myself.  I  was  anxious  to  get  rid  of  this  eruption  before  I 
went  to  a  ball  on  the  30th  of  that  month.     When  I  had  been  in  Ger- 

'  Campbell's  arsenical  wafers  con-  ^  Morison's  Report,  p.  125. 

tain  0.0000126  grm.  (0.0002  grain)  >  Ibid.,  pp.  120,  123. 

AsjO.,  in  each.     The  directions  are  *  Med.-leg.    Jour.,    N.    Y.,    1885, 

to  take  two  a  day  for  twenty  days.  iii.,  343. 
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many  many  of  my  young  friends  there  I  had  seen  use  a  solution  de- 
rived from  fly  papers,  elder  water,  lavender  water,  and  other  things 
mixed,  and  then  applied  to  the  face  with  a  handkerchief  well  soaked  in 
the  solution.  I  used  the  fly  papers  in  the  same  manner.  But  to  avoid 
the  evaporation  of  the  scent  it  was  necessary  to  exclude  the  air  as  much 
as  possible,  and  for  that  purpose  I  put  a  plate  over  the  fly  papers,  and 
put  a  folded  towel  over  that,  and  another  towel  over  that.  My  mother 
has  been  aware  for  a  great  many  years  that  I  have  used  an  arsenical 
cosmetic  in  solution."' 

No  evidence  was  introduced  upon  the  trial  in  support  of 
this  statement,  except  that  of  a  hairdresser  who  testified  that 
upon  a  few  occasions  he  had  been  asked  for  arsenic  as  a  cosmetic 
by  ladies.  MacdougalP  alleges  that  "the  prescription  has 
been  found"  since  the  trial,  and  gives  a  fac-simile  reproduction 
of  it.  It  is,  however,  not  signed  by  Grace  or  Greggs,  of  Brook- 
lyn, but  by  a  New  York  chiropodist,  and  is  as  follows:  "Fow- 
ler's sol.  arsenic,  oss.;  chlorate  potass.,  3ij-;  aqua  rosse,  Bvij.; 
spts.  rect.,  Bi-  S.  Apply  with  a  sponge  twice  a  day,"  con- 
taining two  grains  of  arsenic  in  eight  and  a  half  fluidounces 
(0.0517  percent.). 

Arsenic  is  not  used  in  solution  as  an  external  application  in 
the  treatment  of  skin  diseases  by  physicians,  and  when  so  ap- 
plied in  strong  solution  has  been  known  to  cause  serious  symp- 
toms and  even  death. 

Wagner'  reported  the  case  of  a  man  of  twenty-five  years  whose 
entire  body  was  washed  with  a  strong  solution  of  arsenic  trioxid  in 
water,  applied  with  a  wash  rag.  There  immediately  followed  severe 
pain  all  over  the  body,  as  if  it  were  laid  on  fire  or  needles,  which  con- 
stantly increased.  The  cuticle  was  raised  in  blisters  over  most  of  the 
body.     Death  followed  in  three  days. 

It  is  certain,  however,  that  there  exists  a  popular  impression 
that  preparations  containing  arsenic  may  be  used  externally 
with  benefit,  and  consequently  there  is  no  inherent  improba- 
bility in  the  claim  that  a  person  may  have  purchased  arsenic 
for  such  use.  Indeed,  toilet  preparations  containing  arsenic, 
exclusive  of  depilatories,  are  openly  sold. 

'  Liverpool  Post  Rept.,  Aug.  6th,  ^  "-pj^g  Maybrick  case,"  London, 

1889.     In  Macdougall's  accoimt  (p.  1891,  p.  -tl3.* 

402)  the  name  of  the  doctor  is  given  '  Wchnschr.     f .     d.     ges.    Heilk., 

as  "Dr.  Grace  of  Brooklyn."  1S30,  viii.,  213. 
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It  appears  from  the  experiments  of  Hausmann  and  those  of 
Cloetta  upon  dogs  that  these  animals  establish  a  tolerance  of 
arsenic  greatly  superior  to  that  of  man  when  the  administration 
is  under  the  same  conditions  as  those  which  obtain  with  the 
Styrian  arsenic  eaters,  who  always  take  the  poison  in  substance 
and  by  the  mouth.  Both  experimenters  accept  the  estimate  of 
Busscher  of  0.062  gm.  per  kilo  as  the  certainly  lethal  dose 
for  dogs. 

In  his  first  experiment  Hausmann^  obtained  a  tolerance  of 
0 .  02  gm.  per  kilo  without  disturbance  in  six  weeks,  and  a  dose 
of  0.025  per  kilo  was  recovered  from,  although  it  caused  severe 
poisoning.  If  the  tolerance  in  man  were  equal  to  that  of  the 
dog  taking  0.02  gm.  a  man  of  70  kilos  would  take  1.4  gm.  (21.6 
grains)  without  injury. 

Cloetta^  determined  the  amounts  of  arsenic  eliminated  by 
the  urine  with  increasing  doses  in  a  dog  in  which  a  most  re- 
markable degree  of  tolerance  was  established.  A  dog  of  seven 
kilos,  which  at  first  reacted  normally  with  2  mgm.  of  arsenic 
trioxid  given  by  the  mouth,  received  doses,  increasing  gradually 
at  first,  but  rapidly  later,  until  at  the  end  of  twenty-one  months 
it  was  receiving  0.414  gm.  per  kilo  daily  without  the  production 
of  any  effects.  The  animal's  weight  had  increased  at  this  time 
to  8  kilos,  and  the  daily  dose  was  3 . 3  gm.  If  calculation  from 
dog  to  man  were  permissible,  this  would  mean  for  a  human 
arsenophage  of  70  kilos,  29  gm.,  or  447  grains  daily.  To 
determine  the  location  of  the  immunity,  the  day  after  the  last 
administration  per  os,  the  do|  was  given  0.04  gm.  hypodermic- 
ally,  from  the  effects  of  which  it  died  in  five  hours,  and  the 
cadaver  showed  the  lesions  of  arsenical  poisoning.  The  author 
here  refers  incidentally  to  a  similar  occurrence  in  the  human 
subject.  To  a  patient  under  arsenical  medication,  the  dose  by 
the  mouth  having  been  pushed  to  25  mgm.  of  arsenic  trioxid 
daily  without  the  production  of  the  desired  effects,  10  mgm. 
were  given  hypodermically  in  solution,  which  caused  an  arsenical 
poisoning,  from  which,  however,  the  patient  recovered.  During 
the  course  of  the  experiment  with  the  dog  the  amount  of  arsenic 
eliminated  in  the  urine  was  determined  from  time  to  time,  and 


'  Deut.    med.    Wchnschr.,    1903,  ^  Arch.  f.  exp.  P.  u.  P.,  1906,  liv., 

xxix.,  787.  •  196. 
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taken  to  represent  the  proportion  of  the  administered  dose  which 
had  been  absorbed,  with  the  following  results 

Daily  dose  in  mgm 25 

Daily  amt.  in  urine,  in  mgm  ...        5 
Absorption  % 20 

From  which  the  author  concludes  that  the  apparent  resistance 
is  due  to  a  progressive  diminution  of  absorption  by  the  intes- 
tine. Obviously  this  conclusion  presupposes  that  "all  of  the 
arsenic  absorbed,  or  at  least  a  constant  proportion  thereof, 
is  eliminated  by  the  urine. 

Hausmann,  in  his  second  experiment,^  reached  somewhat 
different  results  and  conclusions.  The  method  differed  from 
that  of  Cloetta  practically  only  in  that  the  administration  oc- 
curred twice  weekly  instead  of  daily.  At  the  beginning  the  dog 
weighed  20 . 8  kilos,  and  at  the  end,  eighteen  months  afterward, 
22.41  kilos.  The  tolerance  reached  0.06  gm.  per  kilo,  or  very 
nearly  Busscher's  certainly  lethal  dose.  Beginning  with  the 
fifth  month  analyses  of  urine  and  faeces  were  made  occasionally 
by  Ludwig's  method,  77.02,  70.61,  41.03,  58.2,  and  29.53  per 
cent,  of  the  doses'  administered  being  recovered  in  the  faeces,  and 
5.59,  3.05  and  4.9  per  cent,  in  the  urine,  showing  that  the 
elimination  by  the  faeces  diminished,  without  a  corresponding 
increase  in  the  renal  elimination.  The  author  concludes  that  by 
long-continued  administration  of  arsenic  trioxid  in  substance  the 
method  of  elimination  becomes  changed,  and  that  possibly 
arsenic  is  then  eliminated  in  some  form  of  paired  combination, 
not  detectable  by  the  usual  methcMs. 

Besredka^  claimed  to  have  established  a  tolerance  of  arsenic 
administered  hypodermically  in  animals,  but  the  doses  to  which 
he  attained  were  short  of  those  certainly  lethal,  and  his  results 
failed  of  confirmation  by  the  experiments  of  others.* 

ABSORPTION— DISTRIBUTION— ELIMINATION. 
Absorption. — Although  arsenic   may  be  absorbed  into  the 
circulation  through  every  possible  avenue  of  entrance  (see  page 
431),  it  is  chiefly  with  absorption  from  the  alimentary  canal  that 
forensic  toxicology  has  to  deal. 

■  Two  months  later.  *  Morishima:  Arch.  int.  de  phar- 

-Pfliigers  Arch.,  1906,  cxiii.,  327.  macod.,  etc.,    1900,   vii.,   65.     Hey- 

Ann.   de    1  inst.   Pasteur,    1899,  mans:  Bull.  Acad.  roy.  de  mM.  de 

^"'■'  ■^''-  Belg.,  1900,  4  s.,  xiv.,  68. 
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When  dissolved  arsenic  is  taken  into  the  stomach  its  absorp- 
tion probably  begins  immediately.  It  makes  its  appearance  in 
the  blood  in  a  few  minutes,  and  is  soon  partially  excreted  by  the 
kidneys/  and  the  time  which  usually  elapses  before  the  mani- 
festation of  severe  symptoms  is  consumed  rather  in  the  produc- 
tion of  those  tissue  changes  which  are  the  cause  of  the  symp- 
toms than  by  delayed  absorption.  Exceptional  cases  have 
already  (page  446)  been  referred  to  in  which  the  action  of  the 
poison  was  manifested  within  a  few  moments  after  its  ingestion. 

Arsenic  was  detected  in  the  blood  drawn  from  the  veins  of  the 
human  subject  in  life  as  early  as  1839.^  It  is  said  by  SeideP 
to  be  found  in  the  corpuscles,  but  not  in  the  plasma. 

The  RAPIDITY  with  which  absorption  progresses  is  the  greater 
the  more  the  conditions  under  which  arsenic  is  taken  favor  its 
solution,  and  is  greater  from  an  otherwise  empty  stomach  than 
from  one  containing  food.  Taylor^  cites  an  instance  in  which  a 
man  died  in  barely  three  hours  after  having  taken  a  large 
quantity  of  white  arsenic  in  water,  in  whose  liver,  spleen  and 
kidneys  the  poison  was  found  in  abundance.  Smith  and  Peck^ 
in  the  cadaver  of  a  girl  who  died  in  six  and  a  half  hours  after 
having  taken  45  gm.  of  "rough  on  rats,"  found  0.0548  gm. 
(0.8  grain)  in  the  liver,  and  smaller  quantities  in  the  kidney 
and  brain. 

The  DURATION  of  absorption  depends,  of  course,  upon  its 
rapidity  and  upon  the  quantity  absorbed.  What  its  minimum 
and  maximum  may  be  is  not  definitely  determined,  if  it  be  de- 
terminable. 

The  shortest  duration  of  fatal  arsenical  poisoning  in  which 
none  of  the  poison  remained  in  the  contents  of  the  stomach  at 
death  of  which  we  can  find  satisfactory  record  is  in  a  very  ex- 
ceptional case  reported  by  Smith:*  A  nursing  infant  died  on 
the  second  day,  poisoned  by  the  milk  of  its  mother,  to  whom 
arsenic  had  been  criminally  administered.  An  analysis  by  Pro- 
fessor Silliman  gave  decisive  evidence  of  the  presence  of  arsenic  in 
the  liver  by  the  Marsh  and  Reinsch  tests,  but  the  same  tests 

'  Dragendorff:  "Ermittel.  v.  Gif-  *  "Poisons,"  3d  Am.  ed.,  327. 

ten,"  4te  Aufl.,  372.  =  Med.-leg.  Jour.,  N.  Y.,  1891,  ix., 

'  Bull.  Ac.  de  m6d.,  Paris,  1838-  129. 

39,  iii.,  676.  "  Buffalo    Med.    Jour.,     1852-53, 

'Maschka:"Handb.  d.ger.  Med.,"  viii.,  730. 
ii.,  249. 
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gave  no  evidence  of  arsenic  in  the  fluid  from  the  stomach.  The 
child  had  refused  to  nurse  on  the  first  day.  In  this  case  the 
poison  was  certainly  entirely  in  solution  and  in  a  form  readily 
absorbable. 

In  one  of  the  victims  of  the  Leyden  poisonings/  who  died 
eleven  days  after"  the  poisoning,  arsenic  was  found  in  the  liver 
to  the  amount  of  0.05211  gm.  (0.78  grain),  in  the  kidneys,  con- 
tents of  the  small  and  large  intestines,  and  in  the  urine  voided 
during  life,  but  could  not  be  detected  in  the  contents  of  the 
stomach  and  duodenum  nor  in  the  pericardial  fluid. ^ 

In  neither  of  these  cases  does  the  tissue  of  the  stomach 
appear  to  have  been  analyzed.  While  it  is  quite  possible  that 
at  some  stage  of  arsenical  poisoning  the  processes  of  absorption 
and  elimination  have  proceeded  in  such  manner  that  the  poison 
may  still  remain  in  the  liver  and  kidneys,  and  be  absent  from 
the  tissue  as  well  as  the  contents  of  the  alimentary  canal,  we 
know  of  no  analysis  whose  results  prove  the  existence  of  such  a 
condition;  the  nearest  approach  to  it  being  in  the  case  of  Paris- 
green  poisoning,  referred  to  below,  in  which  the  tissue  of  the 
stomach  still  contained  a  trace  of  arsenic,  while  the  contents 
were  entirely  free  from  it.^  The  fact  that  arsenic,  by  whatever 
channel  absorbed,  causes  tissue  changes  in  thegastro-intestinal 
walls,  and  the  symptoms  resulting  therefrom,  fairly  warrants 
the  inference  that  it  enters  into  chemical  reaction  with  the  con- 
stituents of  those  tissues,  and  if  it  disappear  therefrom  sooner 
than  it  does  from  the  liver  and  other  parenchymatous  organs,  it 
is  because  the  form  of  combination  is  less  stable  in  the  former 
than  in  the  latter  organs,  and  because  elimination  of  absorbed 
arsenic  from  the  tissues  of  the  alimentary  canal  is  consequently 
more  rapid  than  from  the  Hver,  kidneys,  spleen,  etc.  In  seven 
cases  of  death  from  arsenic  absorbed  otherwise  than  by  the 
alimentary  canal,  in  which  analyses  were  made,  the  poison  was 
found  in  the  stomach  in  six,  and  in  two  of  these  it  was  not  de-' 
tected  in  the  liver. 

'  Zaaijer:  Vierteljsch.  f.  ger.  Med.,  particulars  are  given,  and  the  state- 

1886,  n.  F.,  xhv.,  257;  analysis  by  ment  is  omitted  in  the  third  edition. 

Professor  van  der  Burg.  =  Schoepp     (Jahresb.     f.   Pharm., 

-Taylor  ("Poisons,"  2d  ed.  [1859],  1906,  5.^2)  reports  a  case  in  which 

p.   411)   refers  to   a   case   in   which  the  tissue  of  the  stomach  contained 

nearly     two     ounces     of     arsenic  the   phenomenal  amount  of   1.2582 

were  swallowed  and  the  person  died  gm.    of    As,,03,   while   its  contents, 

in    eight    hours.     No    arsenic    was  weighing  265  gm.,  contained  1 .404 

discovered    in    the    stomach."     No  gm. 
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A  girl  of  nine  years  died  in  six  days  after  the  application  to  the  scalp 
of  an  ointment  containing  arsenic.  Arsenic  was  found  not  only  in 
the  scalp,  but  also  in  the  liver  and  in  the  mucous  contents  of  the  stom- 
ach and  intestines  in  small  quantity  and  in  solution.' 

A  woman  of  twenty-five  years  aborted  at  three  and  one-half  months, 
and  died  nineteen  days  after,  after  having  manifested  the  symptoms  of 
arsenical  poisoning.  Arsenic  was  found  in  the  vaginal  discharges  and 
in  the  vagina  itself,  and  in  less  quantity  in  the  stomach  and  intestines,^ 
but  none  in  the  liver,  kidneys,  heart,  or  muscle. 

A  woman  of  thirty-nine  years  died  in  six  days  after  application  of 
an  arsenical  ointment  to  a  cancer  of  the  breast.  Arsenic  was  found  in 
the  liver,  kidneys,  and  tissue  and  contents  of  the  small  intestine,  but 
not  in  the  stomach,  spleen,  or  blood.' 

An  infant  succumbed  in  twenty-four  hours  after  inhaling  the  fumes 
from  heated  arsenical  pyrites..  Arsenic  was  found  in  the  tissue  and 
the  contents  of  the  stomach,  and  the  lungs,  but  none  in  the  liver.'' 

Two  infants  died  from  the  effects  of  arsenical  violet  powder  applied 
to  the  skin.  In  one  the  kidneys,  stomach,  and  intestines  contained 
distinct  traces  of  arsenic,  the  spleen  two  grains  (0 .  13  gm.)  and  the  liver 
about  one  grain  (0 .  065) .  In  the  other  the  liver  yielded  1 . 5  grains 
(0 .  0975  gm.)  of  arsenic,  the  stomach  and  intestine  one  grain  (0 .  065  gm.) 
and  the  kidneys  distinct  traces;  four  grains  (0.26  gm.)  more  was  ob- 
tained from  the  rest  of  the  body.* 

A  boy  of  10  years  died  in  48  hours  after  his  entire  body  had  been 
rubbed  with  a  solution  containing  3.64  per  cent,  of  arsenic,  traces  of 
which  were  found  in  the  internal  organs  and  skin.' 

In  a  case  of  poisoning  by  the  vagina  Stich'  obtained  an  intense 
mirror  from  150  c.c.  of  lavage  water  from  the  stomach,  but  none  from 
the  urine. 

Maschka*  reports  a  case  of  supposed  homicidal  poisoning  by 
repeated  doses  in  which  death  occurred  after  an  illness  of  eight 
days,  and  an  autopsy  was  made  on  the  second  day  thereafter, 
and  in  vi^hich  somevs'hat  larger  quantities  of  arsenic  were  found 
in  the  liver  and  spleen  than  in  the  alimentary  canal.  The 
chemical  experts  expressed  the  opinion  that  "the  arsenic  found 

'  Taylor:  Guy's  Hosp.  Rep.,  1864,  =  Tidy:  Lancet,  1878,  ii.,  250. 

3  s.,  X.,  220.  «  Lesser:    Vrtljschr.  f.   ger.  Med., 

=  Brisken:      Viertljschr.     f.     ger.  1897,  3  F.,  296,  303,  Case  31. 

Med.,  1864,  XXV.,  110.  'Munch,   med.   Wchnschr.,   1901, 

"Graham:     Glasgow     M.     Jour.,  xlviii.,  425. 

1868-69,  n.  s.,  i.,  56.  «  Vrtljschr.   f.  ger.  Med.,  1880,  n. 

*  Allan:    In   Taylor's    "Poisons,"  F.,  xxxiii.,  223. 
3d  Am.  ed.,  300. 
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in  the  stomach  and  intestines  is  only  a  small  portion  of  the 
poison  originally  swallowed,  as  the  greater  portion  must  have 
been  removed  by  elimination  and  absorption  during  the  long  ill- 
ness." It  is  also  possible  that  the  poison  found  in  the  ahmentary 
canal  was  not  the  remains  of  unabsorbed  arsenic,  but  was  that 
which  had  been  absorbed  by  the  tissue  of  the  alimentary  canal, 
and,  as  the  quantity  was  less  than  that  in  the  liver  and  spleen, 
it  is  quite  possible  that  had  hfe  been  further  prolonged  a  time 
would  have  been  reached  when  ehmination  would  have  been 
complete  as  to  the  alimentary  canal,  but  not  as  to  kidneys  and 
spleen.  In  two  other  instances,'  in  each  of  which  the  autopsy 
w-as  made  eight  days  after  death,  the  quantity  of  arsenic  found  in 
the  liver  was  greater  than  that  in  the  stomach,  but  in  these 
the  distribution  existing  at  death  had  been  notably  modified  by 
post-mortem  imbibition,  as  it  must  also  have  been  in  two  other 
instances  in  which  the  bodies  were  exhumed  after  burial  for 
still  longer  periods.^ 

With  regard  to  the  maximum  limit  of  time  during  which 
some  portion  of  a  poisonous  dose  of  arsenic  may  remain  unab- 
sorbed in  the  stomach,  the  data  are  equally  unsatisfactory.  In 
very  few  fatal  accidental  or  suicidal  cases  of  long  duration  have 
analyses  been  made.  In  the  case  of  the  Due  de  Praslin,  whose 
death  occurred  on  the  sixth  day,  arsenic  was  found  in  the  intes- 
tines in  small  amount,  but  no  mention  is  made  of  the  result  of 
the  examination  of  the  stomach,  although  that  organ  was  sub- 
mitted to  the  experts.^  In  a  case  of  accidental  poisoning  in 
which  death  occurred  in  three  days,  Aguilhan  and  Barse*  found 
arsenic  in  the  stomach  by  Marsh's  test.  In  a  suicidal  case  in 
which  death  occurred  in  two  days  de  Bartholomew  found  crystals 
of  arsenic  trioxid  in  the  stomach.  And  in  a  suicidal  case  in 
which  more  than  sixty  hours  elapsed  before  death,  Paterson" 
found  white  arsenic  in  substance,  tinged  with  the  trisulfid. 
These  are  the  only  suicidal  or  accidental  cases  of  which  we  have 

'  Lawrence    and    Wormley:    Ohio  Jour.,    1860-61,   xiii.,    181    (Irso.  v. 

M.  and  S.  Jour.,  1864,  xvi.,  i.;  death  Priest). 

in    about    three    days.     Davidson:  '  Orfila:  "Toxieologie,"  5eme  ed., 

Buffalo  M.  and  S.  Jour.,  1882,  xxii.,  i.,    582.      Tardieu:      "Empoisonne- 

117;  death  in  twelve  hours.  ment,"  2eme  ed.,  414-430. 

^Devergie:   "MM.   \6g.,"   3d   ed.,  ••  Bull.  Ac.  de  med.,  1840,  v.,  144. 

m.,     539     (Affaire    Lacoste,     1843).  '  Prov.  M.  and  S.  Jour.,  1849,  72. 

Watt   (Wormley):  Ohio  M.  and  8.  "  Edinb.  M.  Jour.,   1857.  iii.,  394 

(Case  IV.). 
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knowledge  in  which  life  was  prolonged  for  two  days  or  longer 
in  which  a  satisfactory  analysis  revealed  the  presence  of  arsenic 
in  the  contents  of  the  alimentary  canal.  In  several  cases  of 
homicidal  poisoning  arsenic  has  been  found  in  the  stomach  at  a 
longer  interval  after  the  supposed  time  of  administration;  in 
one  case'  the  interval  was  fourteen  days:  but  in  this,  as  in  other 
cases,  the  symptoms  and  other  circumstances  pointed  very 
strongly  to  the  administration  of  repeated  doses,  the  interval 
having  been  calculated  from  the  first  manifestation  of  sjmip- 
toms.  In  other  cases  the  data  of  administration  was  insuffi- 
ciently defined.  In  one  homicidal  poisoning,  however,  reported 
by  Niemann,^  there  appears  to  have  been  but  one  administration 
by  which  three  individuals  were  fatally  poisoned,  two  of  whom 
died  in  two  days  and  the  third  in  five  days.  The  analysis  showed 
the  presence  of  three  grains  (0.2  gm.)  of  arsenic  in  stomach  and 
intestines  of  one  of  those  who  died  in  two  days  and  of  traces  in 
the  contents  of  the  other  two.  Tardieu^  reports  a  case  in 
which  arsenic  was  found  in  the  stomach,  liver,  and  spleen  in  a 
case  of  arsenical  poisoning  of  eleven  days'  duration,  but  the 
particulars  are  insufficient. 

We  have  already  suggested  that  arsenic  may  exist  in  the 
tissues  of  the  alimentary  canal  at  a  later  period  after  death. 
Chittenden*  reports  the  analysis  in  a  case  in  which  the  date  of 
administration  is  clearly  fixed,  and  in  which  life  was  prolonged 
for  two  weeks.  The  stomach  was  entirely  empty,  but  its  tissue 
yielded  0.00013  gm.  (-j-^-j  grain)  of  arsenic  trioxid,  and  one-half 
of  the  intestine  0.00026  gm.  (tH  grain).  The  author  very 
properly  remarks  that :  "  That  contained  in  the  stomach  as  well 
as  that  in  the  intestines  represents  the  mere  trace  still  retained 
by  the  muscle  and  other  tissues  of  those  organs."  The  quantity 
of  arsenic  separated  from  one-third  of  the  liver  equaled  that 
obtained  from  one-half  of  the  intestines.  In  another  case, 
reported  by  Chittenden  and  Smith,^  of  suicide  by  Paris  green 
(in  which,  unfortunately,  the  time  when  the  poison  was  taken 
was  unknown,  although  it  could  not  have  been  as  early  as  sixty 

'Masohka:      "Samml.     Gutacht.  *  Med  .-leg  Jour.,  N.  Y.,  1884,  ii., 

Prag.  med.  Fak.,"  1867,  iii..  265.  243. 

'  Ztschr.     f.     Staatsarznk.,  1862,  =  Med.-leg.    Jour.,    N.    Y.,    1885, 

Ixxxiv.,  148.  iii.,  148. 

^  "Empoisonnement,"    2dme   ed., 
433. 
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hours  before  death),  there  were  evidences  of  excessive  vomiting 
and  purging  about  the  body  when  it  was  found,  and  the  contents 
of  the  stomach  were  entirely  free  from  arsenic,  while  the  tissues 
of  the  organ  still  contained  it  in  small  amount. 

If  arsenic  be  found  in  the  stomach,  and  if  it  have  been  the 
cause  of  death,  it  must  also  exist  elsewhere  in  the  body,  and 
particularly  in  the  Hver.  Its  absence  in  that  organ  while  it  is 
present  in  the  alimentary  canal  is  only  possible  if  it  have  been 
introduced  into  the  stomach  after  death  and  shortly  before  the 
autopsy..^ 

There  is  flat  contradiction  between  the  observations  of 
different  investigators  concerning  the  absorption  of  arsenic 
from  the  alimentary  canal  of  the  dog.  According  to  Boehm  and 
Unterberger,^  the  smallest  quantity  capable  of  causing  the  death 
of  a  dog  when  given  by  the  mouth  is  insufficient  to  kill  when 
injected  into  the  vein  of  an  animal  of  equal  size,  and  with  the 
latter  method  of  administration  death  always  occurs  somewhat 
later  than  when  the  poison  is  given  by  the  mouth.  This  is  the  re- 
verse of  the  general  rule  that  poisons  act  more  promptly  and  ener- 
getically when  injected  into  the  circulation  than  when  absorbed 
from  the  alimentary  canal. ^  On  the  other  hand,  Doyon  and 
Morel*  conclude  from  their  experiments  that,  while  arsenic  when 
injected  into  dogs  subcutaneously  acts  promptly,  it  is  not  ab- 
sorbed at  all  from  the  alimentary  canal  of  that  animal.' 

That  arsenic  should,  like  phosphorus  and  mercury,^  pass 
from  the  maternal  circulation  to  the  tissues  of  the  fcetus  seems 
probable;  and  that  it  does  in  gravid  bitches  and  guinea-pigs  has 
been  shown  by  the  experiments  of  De  Arcangelis.'  But 
the  evidence  with  regard  to  the  human  subject  is  contradictory. 

'  See  p.  557.  Two  recorded  cases  the  fatty  degeneration  of  the  liver 
are  in  apparent  conflict  with  this  and  other  organs  found  at  the 
view.  In  one  of  Casper-Liman's  autopsy  is  (properly)  ascribed,  and 
cases  ("Handb.,"  8te  Aufl.,  ii.,  412)  in  whose  stomach  arsenic  was  found 
an  alleged  poisoning  by  an  arsenical  in  crystals,  yet  in  whose  liver  Pro- 
green,  Hoppe  found  0.0429  gm.  fessor  Hills  found  no  arsenic  in  50 
AS2O3  in  122,5  gm.  of  stomach  and  gm.  of  tissue. 

contents,  but  none  in  the  heart,  and  -  Arch,  f .  exp.  P.  u.  P.,  1874,  ii.,  96. 

only  a  trace  in  201  gm.  of  liver  and  ^  8ee  p.  S4. 

blood.     The  other  was  the  case  of  a  *  C.  r.  Soc.  de  biol.,  1906,  Ixi.,  26, 

child    of    four    years,    reported    by  116. 

Pinkham  (Tr.  Mass.  Med.-leg.  Soc,  *  See  also  pp.  443,  521. 

1S7S,  i.,  43),  who  is  said  to  have  « See  pp.  643,  748. 

died  in  forty-four  hours  from  the  '  Riv.  sper.  di  freniat.,  1891,  xvii., 
effects   of  arsenic,   to  whose  action 
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In  Filomusi-Guelfi's  case,  in  which  a  woman  aborted  at  the 
seventh  month,  having  been  poisoned  by  arsenic  by  her  husband, 
Casali  failed  to  find  arsenic  in  the  fcetus.^  But  Cazeaux  states^ 
that  Mareska  and  Lados,  in  a  case  of  the  arsenical  poisoning  of 
a  woman,  four  months'  pregnant,  found  traces  of  the  poison  in  the 
body  of  the  fcetus  and  in  the  placenta,  but  not  in  the  amniotic 
fluid;  and  Stich-''  in  a  three  to  four  months'  foetus,  expelled  the 
day  before  her  death  by  a  woman  who  died  of  arsenical  poisoning, 
obtained  a  strong  mirror  from  the  liver,  and  found  the  distribu- 
tion in  the  fcetus  to  be  the  same  as  in  the  adult/ 

Distribution. — It  was  from  the  liver,  spleen,  kidneys,  lungs, 
heart,  and  muscles  of  the  suicide  Soufflard  that  Orfila  first  sepa- 
rated absorbed  arsenic  from  the  human  cadaver  in  1839;  and  very 
shortly  thereafter  the  fact  was  generally  recognized  that  the  first- 
named  organ  contains  notable  quantities  of  arsenic  after  death 
caused  by  that  poison.  Herapath,  in  1842,  in  a  suicidal  case, 
found  a  much  larger  quantity  in  the  liver  than  in  the  heart ;^ 
and  in  the  Affaire  Lacoste  in  1844,  Pelouze,  Devergie  and 
Flandin,  having  found  a  larger  quantity  in  the  liver  than  in 
the  intestine  or  muscular  tissue,  remark  in  their  report  that 
"this  is  in  accordance  with  what  is  known  of  poisoning  by 
arsenic."® 

It  is  quite  possible  that  an  accumulation  of  results  obtained 
from  analyses  made  under  varying  conditions  may  show  that 
there  exist  constant  differences  in  the  relative  distribution  of 
arsenic  in  different  organs,  due  to  variations  in  the  time  of  in- 
troduction, the  form  of  combination,  the  number  and  amount  of 
the  doses,  or  the  habituation  of  the  individual,  which  are  suffi- 
ciently marked  to  enable  the  toxicologist  of  the  future  to  posi- 
tively answer  questions  concerning  those  points,  but  the  results 
hitherto  obtained  are  neither  sufficiently  concordant  nor  suffi- 
ciently numerous  to  afford  reliable  standards  of  comparison. 
Our  present  knowledge  of  the  quantitative  distribution  of 
arsenic  in  the  different  tissues  and  organs  of  the  body  after 
death  caused  by  that  poison  rests  upon  a  small  number  of  more 

'  Ann.  univ.  di  med.  e  chir.,  1888,  *  See  also  p.  545. 

cclxxxi.,  401.  =  Lancet,  1842-43,  ii.,  2S5. 

2  "Artdel'accouch.,"  1874,  96me  «  Devergie:  "  M(5d.  l^g.,"  3feme  ed., 

ed.,  p.  208.  iii.,  544-545. 

^  Munch,    med.  Wchnschr.,  1901, 
xlviii.,  424. 
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or  less  complete  analyses,  in  cases  of  poisoning  in  the  human 
subject,  and  upon  the  results  of  experiments  upon  animals. 

In  Table  A  (page  531)  we  have  tabulated  all  of  the  analyses 
known  to  us  which  are  sufficiently  complete  for  this  purpose,  and 
which  have  been  made  within  a  sufficiently  short  time  after  death 
to  exclude  the  unknown  influences  of  post-mortem  imbibition.' 

Of  these  I.,  II.,  III.,  IV.,  \'.,  and  VII.,  may  be  considered 
as  fairly  comparable  in  the  elements  of  duration,  the  form  of 
the  poison  taken  and  the  age  of  the  individuals,  yet  if  the  quanti- 
ties found  in  the  different  organs  other  than  the  alimentary 
canal  be  compared  with  each  other  it  will  be  found  that  the 
distribution  varies  greatly.  Thus,  if  the  quantities  in  brain, 
muscle,  and  liver  be  successively  taken  as  unity,  we  have: 


Brain  =  1. 
Liver.     Kidney.     Muscle. 

1 300  253 

II 12.5 

IV 84  128  3 


Muscle  =  1. 

Spleen.    Liver.  Kidneys. 

IV 28.2  38.1 

V 10.2           3.4  10.2 

VII 3.3  5.1 


Liver  =  1. 

I.  III.  IV.  V.  VII. 

Kidneys 0 .  84        0 .  03  1.52        3.05      1 .  53 

Spleen ...  3.04 

Under  very  similar  conditions,  therefore,  in  one  case  (V.) 
100  gm.  of  kidney  contained  three  times  as  much  arsenic  as  the 
same  quantity  of  liver,  and  in  another  (III.)  the  liver  tissue 
contained  thirty-three  times  as  much  as  the  same  quantity  of 
the  kidney  tissue;  in  one  case  the  relations  of  the  amounts  in 
equal  quantities  of  brain  and  liver  was  as  1 :  300  and  in  another 
as  1:84;  and  in  one  case  the  amounts  in  muscle  and  liver  were 
as  1:28.2  and  in  another  as  1:3.3. 

Cases  VIII.  and  X.,  in  which  life  was  prolonged  for  several 
days  and  in  which  comparable  analytical  results  were  obtained, 
indicate,  so  far  as  they  go,  that  the  distribution  is  more  nearly 
equal  in  cases  of  long  duration  than  in  those  which  are  more 
rapidly  fatal.  Thus,  taking  the  amount  in  100  gm.  of  brain 
tissue  in  Case  VIII.  as  unity,  the  proportion  in  like  quantities 
of  other  organs  were:  liver  7.1,  kidney  2,  muscular  tissue  1.2, 
which  is  much  nearer  to  equality  than  in  I.,  II.,  and  IV.  The 
preponderance  in  the  liver  and  kidneys  is  the  greater  the  more 
'  See,  however,  p.  533. 
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rapidly  fatal  the  case.  In  X.  also  the  amounts  in  100  gm.  of  liver 
(0.06),  kidneys  (0.07),  and  muscle  (0.06)  are  very  nearly  equal. 

It  would  seem  that  the  only  inference  vi^hich  can  fairly  be 
drawn  from  these  results  is  that  the  liver,  spleen,  and  kidneys 
uniformly  contain  a  greater  proportion  of  arsenic  than  an  equal 
weight  of  muscle  or  brain,  and  that  this  preponderance,  in  some 
cases  at  least,  tends  to  diminish  as  life  is  prolonged. 

The  total  quantity  of  arsenic  trioxid  in  the  liver  at  death 
probably  never  exceeds  0.2  gm.  (three  grains),  if  indeed  it  ever 
reaches  that  amount.  The  largest  quantity  actually  found  has 
been  2.77  grains  (0. 18  gm.)  in  a  homicidal  case  in  which  death 
was  supposed  to  have  occurred  in  twenty-six  hours  after  the 
administration  of  the  first  dose.'  In  other  cases  in  which  the 
determination  was  made  either  with  the  entire  organ  or  with  a 
properly  sampled  fraction  the  results  were: 

I.  II.  III.  IV.         V.  VII.  X. 

Deathin 6i  h.  7ih.  9  h.  <  12  h.  18i  h.  <60  h.  14  d. 

AS2O3  in  milligrams 64.8  112.38  76.0  66.03  66.08  12.78  0.78 

AS2O3  in  grains 0.82  1.68  1.14  0.99  0.99  0.19  0.011 

From  these  results  it  might  be  inferred  that  the  proportion 
in  the  liver  reaches  its  maximum  at  seven  and  a  half  hours  after 
the  ingestion  of  the  poison,  and  that  thereafter  it  is  gradually 
and  progressively  removed  by  elimination.  We  do  not,  how- 
ever, believe  that  such  an  inference  is  justified.  In  Case  IV., 
although  the  amount  of  arsenic  in  the  liver  was  less  than  in  II. 
and  III.,  there  still  remained  in  the  contents  of  the  stomach  the 
enormous  quantity  of  16.802  gm.  (259i  grains)  of  arsenic 
trioxid  in  substance.  Clearly  in  this  case  absorption  would  not 
have  ceased  had  life  been  prolonged,  and  the  relatively  small 
amount  of  arsenic  found  in  the  liver  may  be  due  to  one  of  two  differ- 
ent conditions:  Either  absorption  was  not  so  rapid  as  in  Cases 
II.  and  III.,  owing  to  a  less  soluble  condition  of  the  poison 
or  to  other  causes,  or  the  liver  had  at  some  previous  stage  con- 
tained a  larger  proportion  of  arsenic,  which  had  been  removed 
by  an  increased  activity  of  elimination,  coupled  or  not  with  a 
diminished  rapidity  of  absorption.     Although  the  former  sup- 

'  See  Case  VI.,  Table  A.     In  three  xxii.,   1S8,  2.S  grains)  the  amount 

cases    larger    quantities    have   been  was  calculated  from  the  results  of 

said  to  have  been  found  in  the  liver.  an   analysis   of  a   small,   unsampled 

In     two     (Barker:     Wharton     and  portion,  and  are  therefore  unreliable. 

StilM,    "Med.,    Jur.,"    4th    ed.,  ii.,  In  the  third  case  (Bingley:  Lancet, 

563,     five     grains;     and     Walther:  1864,  i.,  697)  one-half  of  the  livens 

Vierteljsohr.    f.    ger.     Med.,     1X62,  said  to  have  yielded  4 .  15  grains  I 
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position  is  much  more  probably  the  true  one,  the  impossibihty 
of  the  latter  is  not  demonstrated.  Certain  it  is  that  the  more 
soluble  the  form  in  which  arsenic  is  taken  the  more  rapid,  cu- 
teris  paribus,  will  be  the  absorption,  and  consequently  the 
sooner  will  the  liver  reach  its  maximum  of  saturation;  and  all 
facts  support  the  view  that  there  is  such  a  maximum  at  or  before 
which  death  necessarily  arrests  the  process.     (See  Elimination.) 

The  table  given  by  Taylor,^  based  upon  the  analyses  of 
Geoghegan,  which  is  so  frequently  referred  to  in  support  of  the 
view  that  the  liver  reaches  its  "maximum  of  saturation"  at 
about  fifteen  hours  after  ingestion,  is  affected  with  two  sources 
of  error:  It  is  inferred  that  the  liver  in  each  case  weighed  three 
and  a  half  pounds — which  is  merely  an  average  weight — and  it 
is  assumed  that  the  amount  in  the  entire  organ  may  be  calcu- 
lated from  that  found  in  an  unsampled  fraction,  an  assumption 
which  has  frequently  led  to  inaccurate  deductions.  (See  pp.  137, 
and  185.) 

Since  the  date  of  our  former  edition  Lesser  has  published  an 
elaborate  series  of  articles  on  the  distribution  of  poisons^  which, 
however,  throw  but  little  light  upon  the  subject  of  quantitative 
distribution.  Indeed,  the  author  himself  remarks  that  his 
material  suggests  more  question  than  it  solves.  In  these  papers 
the  results  of  more  or  less  complete  analyses  in  231  cases  of  poison- 
ing by  twenty-four  different  poisons  are  discussed.  In  the  great 
majority  of  these  analyses  quantitative  determinations  are  either 
entirely  lacking  or  are  made  from  mixtures  of  fractions  of  dif- 
ferent organs  in  unknown  proportions.  These  results,  while 
most  interesting  in  other  respects,  are  of  no  value  for  our  present 
purpose.  In  those  cases  in  which  individual  organs  were  sepa- 
rately analyzed  it  is  evident  from  the  weights  given  that  fractions 
of  the  larger  organs  were  (as  is  usual)  analyzed;  but  we  are  un- 
fortunately left  in  ignorance  of  whether  these  fractions  were 
properly  sampled  portions  of  the  entire  organs,  in  which  event 
the  results  would  be  valuable,  or  mere  sections,  which,  as  has  been 
indicated  above,  cannot  be  relied  upon  to  yield  comparable  re- 
sults. If  made  with  properly  sampled  fractions  18  of  Lesser's 
cases  are  valuable  for  comparison.  These  are  given  in  the 
following  tabulation: 

'"Poisons,"  3d  Am.  ed.,  p.  40.       1897,  xiv.,  287;  1898,  xv.,  27,  261; 
'  Vrtljschr.    f.    ger.    Med.,    3    F.,      xvi.,  60. 
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For  purposes  of  comparison  we  add  another  table,    A6,  in 
which  the  comparable  cases  in  tables  A  and  Aa  are  combined: 


Muscles.           Bone. 

CO      ■ 

■-*'    ■ 
o     - 

:  d 

.  \- 

■  a 

CO     ■ 

o 

:£ggoo 

■od.-H 

0.659 
0.13 
0.32 
0.06 

ccoo  rooco  2'-'—'  nJcsi  i); 

OOO+^OO+^OO-MO"^ 

Sis 

cgcijd 

- 

o 

d 

ooo 

;! 

< 

0.825 
9.252 
1.317 
0.895 
trace 

'r- 

- 

d 

'a 

o 

3.659 
16.38 
10.61 

1.155 

c 
15 

^00      '■ 

T-HCO       • 

6.80 
4.285 
16.22 
1.686 
1.450 
0.66 
0.53 
0.07 

> 

4.385 

4.5 

4.36 

6.03 

4.46 

3.512 

5.318 

4.374 

2.896 

0,43 

1.85 

0.06 

Q 

5-6  hrs. 
6i-    hrs. 
7i    hrs. 
9      hrs. 
12    hrs. 
17    hrs. 
18-i  hrs. 
20-21  hrs. 
24    hrs. 
60    hrs. 
5  d. 
14  d. 
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In  commenting  upon  his  arsenical  cases  (all  of  those  here 
referred  to  being  instances  of  single  administration),  Lesser  first 
discusses  the  poison-content  of  the  alimentary  canal,  and  then 
that  of  the  deeper  seated  organs.  Regarding  the  former  he 
calls  attention  to  the  diminishing  percentage  of  the  poison  with 
increased  duration  of  the  poisoning  shown  in  cases  4,  23,  and  35, 
but  points  out  that  it  would  be  erroneous  to  deduce  from  these 
cases  the  rule  that  the  shorter  the  duration  of  the  poisoning,  the 
greater  is  the  poison  content  of  the  alimentary  canal,  and  cites 
his  cases  10,  11,  20,  23,  and  26,  in  which  no  such  relation 
existed; 


i   '' 

10 

n 

20 

26 

Duration  in  hours 

Poison  contents  of  stomach. . . 

6i 
128.1 

9 
1.S7 

9i 
4.74 

18 
39.2 

20-21 
125.5 

The  difference  between  10,  11  and  probably  20,  on  the  one 
hand,  and  23  and  26  on  the  other,  he  attributes  to  the  early 
occurrence  of  vomiting  in  the  former,  while  it  only  occurred  in 
two  to  two  and  one-half  hours  in  23  and  in  three  hours  in  26. 
But  he  also  refers  to  other  cases  in  which  there  remained  notable 
quantities  in  the  stomach  (28.8  and  62.6),  although  vomiting 
had  occurred  early,  and  concludes  that  while  the  interval  between 
ingestion  and  vomiting  has  an  influence  upon  the  amount  remain- 
ing in  the  alimentary  canal,  a  rule  to  that  effect  cannot  be 
enunciated.  Lesser  also  states  that  there  is  no  constant  relation 
between  the  duration  of  the  poisoning  and  either  the  absolute 
or  relative  amounts  of  the  poison  found  in  the  intestines  and 
their  contents. 

Comparisons  between  19  and  27,  and  between  4  and  35  may  be 
made  in  addition  to  those  suggested  by  the  author:  Nos.  19  and 
27  were  two  brothers,  poisoned  in  the  same  manner  and  at  the 
same  time,  both  vomited  copiously  and  repeatedly,  19  for  the  first 
time  two  hours  after  the  ingestion,  and  27  at  some  time  not 
definitely  stated.  Particles  of  arsenic  were  found  in  the  stomach 
and  intestine  in  both  cases.  It  would  seem  that  the  very  much 
larger  quantity  of  poison  found  in  19  than  in  27  was  due  more 
probably  to  the  former  having  originally  swallowed  a  larger 
dose  than  the  latter  than  to  the  difference  of  seven  hours  in  the 
duration  of  the  two  cases,  particularly  as  the  proportion  of  ab- 
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sorbed  arsenic  was  notably  greater  in  19  than  in  27,  except  in  the 
heart  and  lungs. 

In  4  and  35  also,  a  brother  and  sister  were  poisoned  at  the  same 
time  and  in  the  same  manner.  The  boy  only  began  to  vomit  in 
half  an  hour,  but  continued  to  do  so  until  death,  six  hours  later, 
notwithstanding  which  the  very  large  quantity  of  1 .  5388  gm. 
(23|  grains)  remained  in  the  stomach  at  death.  The  girl  began 
to  vomit  soon  after  the  poisoning,  vomited  repeatedly  and  copi- 
ously, and  six  hours  after  the  poisoning  the  stomach  was  washed 
out,  in  spite  of  which  treatment  many  crystals  of  white  arsenic 
were  found  in  the  stomach  and  some  in  the  intestine.  The  lavage 
is  undoubtedly  responsible  to  a  considerable  degree  for  the  smaller 
quantity  of  arsenic  found  in  this  case  than  in  4,  as  well  as  for  the 
fact,  unique  in  this  collection  of  cases,  of  greater  relative  and  abso- 
lute amounts  in  the  intestine  than  in  the  stomach. 

The  a  priori  proposition  that  the  proportion  of  poison  in  the 
intestine  as  compared  with  that  in  the  stomach  should  increase 
up  to  a  certain  point  with  the  duration  of  the  poisoning  seems 
to  be  in  a  measure  confirmed  by  comparison  of  the  results  in 
those  cases  in  which  these  parts  were  separately  analysed  and 
which  are  otherwise  comparable: 


23 


26 


32 


35 


Duration  in  hours 

Vomiting  began  in  (hours) . . . 

Purging  began  in  (hours) 

Autopsy  after  death  (days)  . . 
Percent,  in  intest.,  100  in  stom 


S-6 

1 
1 
2 
4.6 


6.5 

0  5 
0  5 
4 
5.9 


8.51 
9.5  f 

17 

18.5 

11?} 

50 

1 
1 

2 
2 

2-2.5 

3 
3 

? 
? 

1 

2.25i     1.25 

4 

13 

4.1 

18.8 

11  1 

2.7 

25.2 

90 

soon 
soon 

2 
106.2 


Of  these  cases,  2,  4,  19  and  23  are  reasonably  comparable  with 
each  other,  as  in  each  of  them  the  poison  was  taken  in  the  same 
form,  that  of  powder.  In  9  it  was  partly  dissolved;  and  in  26 
it  was  taken  in  a  solid  lump,  which  accounts  for  the  small  pro-- 
portion  in  the  intestine,  as  well  as  for  the  fact  that  vomiting 
only  began  after  three  hours  of  sleep.  In  32  the  autopsy  was  only 
made  thirteen  days  after  death,  and  the  distributionwas  modified 
by  post-mortem  processes.  In  35  the  relation  was  disturbed  by 
the  stomach  lavage  above  referred  to. 

Comparing  the  percentages  of  absorbed  arsenic  in  the  several 
organs  in  the  adult  cases  and  those  in  4  and  9  separately,  and 
excluding  the  large  percentage  found  in  the  spleen  and  lungs  in  2 
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as  due  to  some  abnormality,  possibly  caused  by  post-mortem 
processes,'  Lesser  reaches  the  conclusion  that:  In  general  terms 
there  is  a  relation  between  the  duration  of  the  poisoning  and 
the  proportion  of  poison  present  in  the  various  organs  (other 
than  the  alimentary  canal),  and  that  up  to  a  certain  time,  which 
is  different  with  different  organs,  the  proportion  of  poison  in- 
creases, and  subsequently  diminishes.  This  proposition  is  then 
quaHfied  by  the  further  statement  that  the  percentage  reduction 
which  occurs  with  the  duration  of  the  poisoning  is  not  entirely 
regular;  that  is,  it  does  not  depend  entirely  upon  the  duration. 

Comparing  the  poison  content  of  the  alimentaiy  canal  with 
that  absorbed  in  the  several  organs.  Lesser  states  that  neither  is 
there  coincidence  of  the  largest  amounts  in  the  two,  nor  does  the 
maximum  amount  in  the  organs  coincide  with  the  minimum  in 
the  alimentary  canal;  and  that  no  constant  relation  exists  be- 
tween the  two. 

Nor  do  the  quantitative  results  after  death  from  poisons 
other  than  arsenic  (Table  Aa,  p.  534)  establish  any  constant  re- 
lation between  duration  and  distribution.  Of  the  two  strychnin 
cases,  125  and  131,  the  latter  was  of  double  the  duration  of  the 
former,  yet  the  proportion  of  absorbed  poison  was  greater  in  all 
the  organs  of  the  former  than  in  those  of  the  latter,  while  the 
stomach  in  131  contained  twice  as  much  strychnin  as  that  in 
125.  As  the  autopsy  in  125  was  only  made  twenty- nine  days 
after  death,  the  distribution  was  undoubtedly  modified  by  post- 
mortem processes,  and  Lesser  suggests  that  the  large  proportion 
in  the  spleen  (2 . 9)  may  have  been  due  to  this  cause.  But  the 
still  greater  amounts  in  the  liver  (4.8)  and  kidney  (26.7)  in  case 
136  cannot  be  entirely  accounted  for  in  this  manner.  In  the 
two  carboHc  acid  cases  there  appears  to  be  a  relation  of  quantity 
to  the  amounts  ingested  rather  than  to  the  duration,  although  the 
.cases  are  not  strictly  comparable,  as  one,  137,  occurred  in  an 
adult,  and  the  other,  140,  in  a  child  of  2f  years.  In  the  two 
potassium  cyanid  cases,  162  and  163,  the  former  an  adult,  the 
latter  an  infant  of  one  year,  poisoned  at  the  same  time  and  with 
the  same  solution  and  both  fatal  in  a  few  minutes,  there  is  close 
concordance  between  the  proportions  in  the  two  livers,  but  wide 

'  It  must  be  noted,  however,  that  was  also  a  very  high  percentage  of 

the    interval    between    death    and  arsenic,  not  only  in  the  spleen,  but 

autopsy  was  greater  in  all  the  other  also  in  the  liver,  kidney,  heart,  and 

cases  except  in  23,  in  which  there  blood  (the  lungs  were  not  examined). 
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divergence  in  the  other  organs.     In  the  two  oxalic  acid  cases, 

187  and  188,  the  liver  contained  a  very  much  larger  proportion 
(37.0)  in  187,  in  which  death  occurred  in  five  minutes,  than  in 

188  (0.78),  in  which  the  duration  was  ten  minutes.  It  is 
difficult  to  suggest  an  explanation  for  the  presence  of  the  enor- 
mous proportion  of  194.9  per  cent,  in  the  spleen  in  188,  accom- 
panying the  relatively  small  amounts  in  the  liver  (0 .  78)  and  heart 
(1.7),  and  complete  absence  of  the  poison  in  the  kidneys,  par- 
ticularly as  the  latter  organs  are  certainly  concerned  in  the  elimi- 
nation of  this  poison,  and  the  stomach  and  intestines  at  death, 
ten  minutes  after  the  ingestion,  still  contained  the  enormous 
quantity  of  10.174  gms.  (157  grains). 

Complete  analyses  have  also  been  made  in  several  cases  of 
homicidal  poisoning  after  a  burial  of  from  three  months  to  two 
years  and  eight  months.  These  are  arranged  in  the  table  on 
page  540,  the  amounts  representing  milligrams  of  AsjOg. 

Inferences  as  to  the  distribution  which  existed  at  death, 
drawn  from  such  analyses,  are,  we  believe,  entirely  unreliable, 
as  it  is  impossible  in  the  present  condition  of  our  knowledge  to 
form  any  adequate  idea  of  the  degree  to  which  it  has  been  sub- 
sequently modified  by  post-mortem  migration.  That  such  post- 
mortem distribution  occurs  with  arsenic  introduced  into  the 
cadaver  after  death  cannot  be  questioned  (see  page  199);  and  if 
arsenic  introduced  during  life  does  not  travel  from  one  tissue  to 
another  after  death  it  is  because  it  has  formed  an  insoluble  com- 
pound with  the  constituents  of  the  tissues,  a  supposition  in  favor 
of  which  there  is  little  evidence  and  against  which  the  rapid  elimi- 
nation of  arsenic  during  life  militates  strongly.  The  amounts 
of  arsenic  found  in  the  brains  in  Cases  XX.,  XXL,  XXII.  are 
greatly  in  excess  of  any  of  the  analyses  made  shortly  after  death 
(see  Table  A,  page  531),  and  those  in  Cases  XXV.  and  XXVI. 
are  also  relatively  large.  To  explain  the  presence  of  these  large 
amounts  in  the  brain  we  are  forced  to  one  of  two  suppositions: 
Either  in  these  cases  the  brains  contained  large  quantities  of 
arsenic,  or  the  arsenic  traveled  to  the  brain  post-mortem.  The 
former  supposition  is  in  opposition  to  the  results  of  all  analyses 
made  shortly  after  death,  the  latter  is  in  accordance  with  what 
is  known  concerning  post-mortem  imbibition.  In  Case  XXI. 
a  difference  between  the  amounts  in  the  two  kidneys — the  right, 
weighing  125  gm.,  containing  2.6  mgm.  or  2.08  per  cent.,  and 
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the  left,  weighing  149  gm.,  4.3  mgm.,  or  2.88  per  cent.— may  be 
due  either  to  a  greater  activity  of  the  heavier  organ  during  hfe, 
or  to  more  direct  post-mortem  imbibition  from  the  stomach  to 
the  left  than  to  the  right  kidney.  Whatever  the  relative  activity 
of  the  two  kidneys  may  be  during  life,  it  is  certain  that  post- 
mortem imbibition  from  the  stomach  carries  a  larger  quantity 
into  the  left  than  into  the  right  kidney.' 

In  a  few  cases  the  relative  distribution  of  arsenic  in  different 
parts  of  the  muscular,  osseous,  and  epidermic  tissues  has  been 
determined.  The  results,  expressed  in  milligrams  of  AsjOg  in 
100  gm.  of  tissue,  are  tabulated  on  page  542. 

Unfortunately  in  most  of  these  the  body  had  been  buried  for 
several  months  or  years,  and  in  them,  consequently,,  the  distri- 
bution was  subject  to  post-mortem  modification.  But,  notwith- 
standing this,  the  absence  of  arsenic  in  the  femur  in  a  case  pre- 
sumably (although  by  no  means  certainly)  acute  in  character, 
and  its  presence  in  a  case  of  poisoning  by  repeated  doses  would 
retain  all  of  the  importance  attached  to  it  by  Chittenden^  for  the 
purpose  of  distinguishing  between  acute  and  chronic  poisoning 
in  doubtful  cases,  were  such  a  difference  found  to  exist  con- 
stantly in  recent  cadavers.  But  in  other  acute  cases  the  bones 
have  been  found  to  contain  arsenic,  'as  in  Ludwig's  cases  above 
mentioned.  That  author,  in  summing  up  the  results  of  his  ex- 
periments and  observations,  says:  "Arsenic  is  taken  up  by  the 
bones,  although  in  small  yet  distinctly  detectable  quantity.  So 
far  as  human  bones  are  concerned,  I  could  only  observe  this  fact 
in  acute  poisoning;  without  doubt  it  is  also  true  in  chronic 
poisoning,  in  which  I  have  noted  it  in  the  dog." 

The  three  analyses  (LII.-LIV.)  by  Brouardel  and  Pouchet 
were  made  in  investigation  of  the  Affaire  Pastrl  Beaussier  in 
1889,  and  the  clinical  histories  leave  no  doubt  of  their  chronic 
character.  In  XXIV.  the  illness  was  of  five  weeks'  duration  after 
the  last  administration.  Arsenic  in  minuter  quantity  was  still 
found  in  the  skull  and  vertebral  bones,  although  no  trace  of  it 
remained  in  the  Hver,  spleen,  kidneys,  or  brain.    In  LII.  and  LI  V. 

'  A  greater  difference  between  the  ■  whether  or  no  the  difference  is  en- 
amounts  in  the  two  lungs  in  Case  tirely  due  to  this  cause  is  uncertain. 
XXIII.  is  partly  explained  by  the  (See  p.  575.) 

fact   that   the   heart   was    included  _/^Med.-leg.    Jour.,    N.    Y.,    1884, 

with  one  and  some  liquid  from  the  ii.,  244,  246. 
thoracic  cavity  with  the  other;  but 
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the  amount  was  also  greater  in  these  bones  than  in  the  femur. 
This  is  in  accordance  with  the  results  of  experiments  upon  ani- 
mals made  by  Brouardel/  which  indicated  that  whatever  the 
method  of  introduction  "  arsenic  accumulates  very  sensibly  in 
the  spongy  tissue  of  bones  and  becomes  fixed  in  such  manner  that 
its  presence  can  be  detected,  in  the  bones  of  the  skull  or  verte- 
brae particularly,  some  time  after  every  trace  has  disappeared 
from  those  organs,  such  as  the  liver,  in  which  it  is  localized  in 
greater  amount."  "This  localization  in  the  bones  is  less  ac- 
centuated and  the  elimination  is  more  rapid  when  arsenic  is 
absorbed  in  quantities  sufficient  to  cause  immediate  symptoms  of 
poisoning.  When  animals  are  poisoned  by  very  large  doses, 
there  is  a  general  diffusion  of  the  arsenic,  and  the  osseous  tissue 
presents  nothing  particular  in  regard  to  localization:  arsenic  is 
found  in  all  the  organs." 

The  localization  of  arsenic  in  the  bones  is  explainable  on  the 
supposition  that  the  phosphates  which  they  contain  are  partially 
replaced  by  arsenates.  The  chemical  relationship  of  these  two 
classes  of  salts  is  well  known,  and  the  formation  of  arsenate  in 
this  manner  in  quite  as  probable  a  priori  as  the  conversion  of 
phosphate  into  carbonate,  which  has  been  shown  by  Milne- 
Edwards^  to  take  "place  normally  in  bone.  In  support  of  this 
view  we  have  also  the  results  of  Binz  and  Schultz,  who  have 
shown  that  arsenious  acid  is  converted  into  arsenic  acid  in  the 
economy:'  and  those  of  Caillol  de  Poncy  and  Livon,  who  have 
shown  that  under  the  influence  of  arsenic  the  elimination  of 
phosphates  by  the  urine  is  increased.* 

Arsenic  has  been  found  in  the  bones  after  long  burial,  during 
which  the  soft  parts  have  been  almost  completely  disintegrated. 
In  one  instance  Liman,*  in  a  skeleton  examined  after  eight 
years,  found  traces  of  arsenic  in  the  upper  part  of  the  femur  and 
in  the  pelvic  bones,  and  a  distinctly  larger  quantity  in  the  tissue 
adherent  to  the  sacrum.  In  1847  arsenic  was  found  in  the  bones 
of  a  skeleton  exhumed  after  ten  years'  burial,  but  none  in  those 
of  another  from  an  adjoining  grave." 

'  Ann.   d'hyg.,    1889,   3  s.,  xxxi.,  *  Jour,    de   pharm.    et    de   chim., 

486.     Bull.    Ac.    de    m^d.,    Paris,  1879,  4  s.,  xxx.,  344. 

1889,  2  s.,  xxii.,  4,  53.  =  Casper-Liman:  "Handb.  d.  ger. 

'  "Etudes  sur  les  Os,"  1860,  151,  Med.,"  8te  Aufl.,  ii.,  446. 

Repr.  fr.  Ann.  d.  Sc.  nat.,  4  s.,  xiii.  "  Jour,  de  chim.  mM,  etc.,  1847, 

'  Arch,  f .  exp.  Path.  u.  Ph.,  1879,  3  s.,  iii.,  82.       • 
xi.,  212. 
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When  a  pregnant  woman  dies  from  the  effects  of  arsenic  the 
poison  is  found  in  the  foetus  and  its  coverings,  but  not  in  the 
amniotic  fluid.  ^  In  a  case  of  supposed  arsenical  poisoning  after 
abortion  Liman  found  arsenic  in  the  remains  of  the  -woman  two 
years  and  three  months  after  death,  but  none  in  the  foetus, 
which  had  been  preserved  in  alcohol.^ 

Garnier^  gives  the  results  of  analyses  in  the  cases  of  three 
patients  who  died  of  tuberculosis  while  under  treatment  with 
Fowler's  solution.  Traces  of  arsenic  were  obtained  from  the 
liver  and  brain  in  each,  the  brain  containing  somewhat  more 
than  the  liver  in  two  cases,  while  in  the  third  the  reverse  was  the 
case. 

Experiments  upon  animals  with  regard  to  distribution  have 
also  been  made  by  Scolosuboff,*  Ludwig,^  Garnier,"  and  John- 
son and  Chittenden,'  the  results  of  which  are  given  in  the  table  on 
page  544,  in  milligrams  of  elementary  arsenic  in  100  gm. 

From  the  results  of  his  experiments  Scolosuboff  inferred  that 
arsenic  is  localized  particularly  in  the  nervous  tissues,  and  that 
in  acute  poisoning  the  expert  should  search  for  the  metalloid 
particularly  in  the  brain,  as  the  liver,  if  the  poisoning  be  very 
rapid,  may  sometimes  not  contain  it.  This  view  is  in  opposition 
to  the  universal  experience  of  toxicologists  in  analyses  of  the 
human  subject,  in  which  the  quantity  of  arsenic  found  in  the 
brain  is  usually  very  small  absolutely  and  relatively,  and  so  far 
as  we  are  aware  has  never  been  found  to  exceed  1.66  mgm.  in 
one-third  of  the  organ^  in  an  analysis  made  shortly  after  death. 
The  experiments  of  others  given  in  the  above  table  have  also  led 
to  different  results.  In  experiments  on  animals  Deniges'  has 
found  that  in  both  acute  and  slow  poisoning  the  liver  contains  at 
least  thirty-five  times  as  much  arsenic  as  the  nerve  centres. 

As  an  explanation  of  this  supposed  localization  in  the  brain 
Scolosuboff  advanced  the  theory  that  arsenic  is  substituted  for 
phosphorus  in  the  lecithins  or  other  phosphorized  organic  eon- 


1  Bischoff:    In    Lesser's    "Atl.    d.  "Bull.   Soc,   chim.,   Paris,    1S75, 

ger.     Med.,"     i.,     89.     Husemann:  xxiv.,  125. 

"  Handb.  d.  Toxikologie,"  p.  823.  '  Med.  Jahrb.,  1880,  467. 

^Casper-Liman:  "Handb.  d.  ger.  "Ann.  d'hyg.,  1883,  3  s..  ix.,  314; 

Med.,"8teAufl.,425.    Seealsop.528.  and  TMse,  Nancy,  1880. 

'  Thfese,  Nancy,  1880,  No.  107,  p.  '  Am.  Ch.  J.,  1880,  ii.,  337. 

47.  *  Case  XIV.,  Table  A,  p.  531. 


°  C.  r.  Soc.  de  biol.,  1905,  Iviii.,  781. 
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stituents  of  nerve  tissue.     This  theory  has  not,  so  far  as  we  know, 
been  supported  by  experimental  or  other  proof. 

The  view  of  Chittenden  and  Smith^  that  the  localization  in 
brain  tissue,  while  not  occurring  with  arsenic  trioxid,  does  take 
place  as  found  by  Scolosuboff  in  poisoning  with  sodium  arsenite, 
is  not  substantiated  by  the  results  of  the  experiments  of  Gamier 
given  above.  It  is  to  be  regretted  that,  so  far  as  we  can  find,  no 
quantitative  analysis  of  the  brain  has  been  made  in  a  case  of 
poisoning  in  the  human  subject  by  Fowler's  solution  or  by  ar- 
senite in  other  form. 

On  the  other  hand,  it  has  been  demonstrated  by  the  experi- 
ments of  Heffter,^  Gautier,^  Zeynek,*  and  Slowzow'  that  ar- 
senic is  retained  in  the  liver  in  the  nucleins  in  some  form  of 
loose  chemical  combination,  probably  not  replacing  the  phos- 
phorus, insoluble  by  peptic  digestion;  and  also  to  a  much  less 
extent  in  the  soluble  proteins. 

Elimination. — Several  questions  of  great  forensic  interest 
depend  upon  the  elimination  of  arsenic  from  the  system. 

It  is  stated  by  most  writers  that  arsenic  is  not  a  cumulative 
poison.  This  expression  is  used  in  three  distinct  senses.  If  by 
"cumulative"  is  meant  that  repeated  medicinal  doses  may  grad- 
ually accumulate  in  the  body  in  such  manner  that  finally,  acting 
unitedly  and  without  the  administration  of  a  close  poisonous  in 
itself,  they  may  cause  the  symptoms  of  acute  poisoning,  then 
arsenic  is  certainly  not  a  cumulative  poison,  as  it  is  constantly 
used  in  medical  practice,  over  long  periods  of  time,  without  the 
production  of  such  accidents."  Or  it  may  be  considered  cumu- 
lative in  its  action  in  the  sense  that  when  given  in  repeated 
small  doses  it  produces  effects  which  do  not  result  directly  from 
a  single  dose,  however  large.  In  this  sense  it  is  cumulative,  as 
the  cHnical  history  of  a  poisoning  caused  by  repeated  small 
doses  is  distinct  from  that  of  one  resulting  from  a  single  large 
dose,  although  the  symptoms  of  "chronic"  poisoning  sometimes 
follow  the  acute  symptoms  due  to  a  large  dose  without  any 

'Med.-leg.    Jour.,    N.    Y.,    1SS5,  ^  Zentralbl.  d.  Physiol.,  1901,  xv., 

lii.,  1465.  405. 

"  Verh.  d,  Gesell.  deut.  Naturf.  u.  =  Hofmeister's  Beitr.,  1901,  i.,  281. 

Aerzte,   1899,   li.,   50;  Aroh.  int.de  "See  Taylor:  "Poisons,"  3d  Am. 

pharmacodyn.,    1905,     xv.,    399;  ed.,  294.    Seidel:  Maschka,  "Handb. 

Ergebn.  d.  Physiol.,  1903,  ii.,  95.  d.  ger.  Med.,"  ii.,  249. 

^C.  r.  Ac.    Sc,    1S99,   c.xxix      92!)- 
1900,  cxxx.,  2S4. 


ARSENIC ELIJlIiVATION.  547 

further  administration.  Again,  the  question  may  mean:  Does 
arsenic  enter  into  combination  with  the  constituents  of  the 
tissues  to  form  compounds  which  are  difficult  of  elimination  and 
are  retained  in  the  body  for  a  long  period  after  administration 
has  ceased?  To  some  extent  arsenic  is  cumulative  in  this  sense, 
and  that  to  a  greater  degree  when  given  in  repeated  small  doses 
than  when  a  single  large  dose  has  been  taken.  It  is  probable, 
however,  that  this  action  is  principally  in  the  bony  and  epi- 
dermic tissues,  in  the  former  of  which  there  is  reason  to  be- 
lieve that  it  to  a  certain  extent  replaces  the  natural  phosphate 
with  an  arsenate. '  On  the  other  hand,  it  is  not  retained  by  the 
soft  parts  for  so  long  a  period,  certainly  not  to  the  degree  that 
lead  and  copper  are. 

Elimination  of  arsenic  probably  begins  very  early  and  dur- 
ing the  progress  of  its  absorption,  although  we  can  find  no 
record  of  analyses  of  urine  passed  by  the  human  subject  during 
the  first  hours  of  poisoning  except  the  statement  of  Mann^  that 
after  administration  of  five  drops  of  Fowler's  solution  arsenic 
may  be  detected  in  the  urine  in  half  an  hour,  and  in  the  first 
motion,  subsequently  passed.^  According  to  Husemann,*  it 
makes  its  appearance  in  the  urine  often  in  five  to  six  hours,  and 
with  potassium  arsenite  in  an  hour.  On  the  other  hand,  Taylor^ 
quotes  a  case  of  Geoghegan's  in  which  no  arsenic  was  found  in 
the  small  quantity  of  urine  passed  up  to  the  fourteenth  hour, 
and  that  passed  from  fourteen  to  thirty-six  hours  yielded  only 
faint  indications. 

Elimination  of  arsenic  takes  place  through  the  urine,  the 
faeces,  the  epidermic  tissues,  and  to  some  extent  by  the  per- 
spiration, the  relative  amounts  separated  by  each  channel 
varying  with  the  conditions  of  absorption. 

Elimination  by  the  urine  varies  in  proportion  and  in  dura- 
tion according  as  the  absorption  has  been  that  of  a  single  large 
dose  or  of  repeated  small  doses. 

When  a  single  large  dose  has  been  taken  the  elim'nation  by 
the  urine  proceeds  rapidly,  and  may  cease  upon  the  fourth  or 
fifth  day  after  the  administration: 

'  See  p.  543.  in  the  urine  in  2-8  hours,  but  gives 

^  Med.-Chir.  Trans.,  1901,  Ixxxiv.,  no  data. 

435.  *"Handb.  d.  Tox.,"  823. 

'  Lewin:    "  Lehrb.  d.  Tox.,"  1885,  =  "Poisons,"  3d  Am.  ed.,  p.  38. 
p.  78,  states  that  it  can  be  detected 
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In  a  case  of  poisoning  by  about  an  ounce  (31  gm.)  of  white  arsenic 
in  water,  from  which  the  patient  finally  recovered,  arsenic  was  detected 
in  the  urine  in  diminishing  quantity  during  the  first  four  days,  but  not 
on  the  fifth.'  In  a  case  of  non-fatal  poisoning  by  Fowler's  solution, 
arsenic  was  detected  by  the  Reinsch  test  in  the  urine  of  the  fifth  day, 
but  not  in  that  of  the  sixth. ^ 

Severi,'  basing  his  opinion  upon  his  failure  to  detect  arsenic  in  the 
viscera  of  a  man  who  had  died  in  eight  days  from  the  effects  of  a  single 
dose  and  upon  experiments  upon  animals,  concludes  that  urinary 
elimination  is  complete  in  from  four  to  six  days,  provided  the  arsenic 
has  been  taken  in  one  dose  and  the  kidneys  are  normal. 

There  have  been  cases  reported,  however,  in  which  urinary 
elimination  has  continued  for  a  much  longer  period,  as  long  as 
ninety-three  days,  in  non-fatal  cases,  even  when  but  one  dose  has 
been  taken.  There  having  been  no  autopsies,  the  absolutely 
normal  condition  of  the  kidneys  in  these  cases  is,  however,  not 
assured. 

A  woman  of  thirty-five  years  took  by  mistake  half  a  dessertspoonful 
(about  8  gm.)  of  white  arsenic  in  water.  She  suffered  the  usual  symp- 
toms of  the  mixed  type  and  was  under  treatment  in  the  hospital  for 
twenty-five  days.  The  urine  of  the  second  day  gave  an  abundant 
arsenical  deposit  with  the  Marsh  test.  A  similar  result  was  obtained  with 
the  urine  of  the  fourth  day.  Samples  passed  on  the  fifth,  eighth,  six- 
teenth, and  twenty-first  days  gave  evidence  of  the  presence  of  arsenic 
in  diminishing  quantity.  Negative  results  were  obtained  with  the 
urine  passed  on  the  twenty-fifth  day,  as  well  as  with  that  passed  on  the 
twelfth  day.* 

Carter*  quotes  a  case  from  Gubler,  concerning  which,  however, 
there  appears  to  be  some  doubt  as  to  the  date  of  administration  and  the 
dose  administered:  The  patient  had  probably  taken  8  gm.  (about  two 
drachms)  of  arsenic  trioxid  on  September  25th,  1S64.  On  October  27th 
an  analysis  showed  the  presence  of  "a  large  quantity  of  arsenic  in  the 
urine."  Another  analysis  made  thirteen  days  later,  forty-five  days 
after  the  poisoning,  still  showed  the 'presence  of  arsenic  in  the  urine. 
On  November  10th  another  analysis  was  made  without  reveahng  any 

'  Rademacher:  Richm.  and  Louis-  *Maclagan:    London  and   Edinb. 

ville  M.  Jour.,  1873,  xv.,  383.  Monthly  Jour.  M.  Sec,  1852,  xiv., 

^Powell:     Westm.     Hosp.     Rep,,  132 

1889,  v.,  21.5-219.  s  Liverpool  Med.-Chir.  Jour.,  1890, 

'  Jahresb.    f.    d.    Thierch.    1893,  x.,  137. 
xxiii.,  104. 
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traces  of  arsenic.  On  November  loth  or  16th  potassium  iodid  was 
given  and  "on  the  19th  another  examination  of  the  urine  was  made,  and 
a  considerable  quantity  of  arsenic  found  to  be  present." 

Wood,'  using  the  more  direct  method  of  extraction  suggested  by 
Sanger,^  found  arsenic  in  the  urine  ninety-three  days  after  the  ingestion 
of  a  single  large  toxic  dose  of  arsenic,  which  had  caused  the  usual  acute 
symptoms,  followed  by  arsenical  paralysis. 

When,  as  occasionally  happens,  the  secretion  of  urine  is  sup- 
pressed in  the  early  history  of  the  poisoning  and  is  subsequently 
resumed,  that  which  is  then  voided  contains  arsenic: 

In  a  woman  poisoned  by  15  gm.  (about  half  an  ounce)  of  white  arsenic 
no  urine  appeared  during  seven  hours,  after  which  she  passed  ten  litres 
(two  and  one-half  gallons)  in  ten  hours,  in  which  arsenic  was  detected.' 
A  woman  died  in  five  days  from  the  effects  of  6  gm.  (ninety-three  grains) 
of  white  arsenic  suspended  in  water.  For  the  first  three  days  the  urine 
was  entirely  suppressed,  and  on  the  last  two  she  passed  100  and  150  gm. 
(three  and  one-half  and  five  fluidounces)  of  urine  containing  arsenic.'' 

When  arsenic  is  absorbed  in  repeated  small  doses,  whether 
these  be  the  very  minute  quantities  administered  medicinally 
or  taken  with  articles  of  food,  etc.,  or  the  somewhat  larger 
amounts  administered  by  the  cautious  criminal,  the  duration  of 
the  renal  elimination  is  the  reverse  of  that  with  single  large  doses. 
Long  periods  are  the  rule,  shorter  ones  are  exceptions. 

In  the  observations  of  Garnier  and  of  Ritter'  of  six  cases  of  admin- 
istration of  arsenic  in  medicinal  doses  in  the  shape  of  granules  of  arsenic 
trioxid  or  of  Fowler's  solution,  for  periods  varying  from  seven  days  to 
six  months,  arsenic  was  no  longer  detectable  in  the  urine  in  from  seven 
to  twenty-four  days  after  discontinuance  of  the  treatment. 

A  girl  of  twenty-two  years  was  directed  to  take  Fowler's  solution 
for  the  treatment  of  eczema,  in  doses  of  fifteen  drops  morning  and 
evening  for  fifteen  days,  then  three  times  a  day  for  fifteen  days,  and 
finally  twenty  drops  three  times  a  day  for  fifteen  days.  She  followed 
this  treatment  for  the  first  two  periods,  taking,  consequently,  during 
the  first  period  of  fifteen  days  daily  doses  equivalent  to  0.015  gm. 
(equal  to  one-fourth  grain)  of  arsenic  trioxid,  and  during  the  second 
to  0 .  022  gm.  (equal  to  one-third  grain) ;  but  on  attempting  to  increase 

'  Bost.     M.     and     S.     J.,     1893,  'Augonard:    Gaz.   m6d.   de  Par.,, 

cxxviii.,  414.  1843,  2  s.,  xi.,  222. 

"Proc.    Am.    Ac.    Arts    and    Sc,  "  Bouillet:     Bull.    Ac.    de    m^d., 

1891,  xxvi.,  24.  Paris,  1840-41,  vi.,  544,  553. 

=  Garnier:  Th^se,  Nancy,  1880,  76. 
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the  dose  to  0 .  032  gm.  (equal  to  one-half  grain)  she  was  obliged  to  aban- 
don the  treatment  in  consequence  of  the  vomiting,  pain,  cramps,  and 
paralyses  which  resulted  from  it.  She  was  seen  by  Dr.  Gaillard  five 
weeks  after  having  stopped  the  Fowler's  solution,  during  which  she 
had  suffered  the  usual  arsenical  symptoms.  The  urine  then  contained 
arsenic,  which  continued  to  be  eliminated  by  the  urine  until  forty  days 
after  the  date  of  cessation  of  the  arsenical  treatment.' 

Wood^  examined  the  urine  of  two  patients  by  Sanger's  method 
after  the  cessation  of  medicinal  administration  of  Fowler's  solution. 
In  one  arsenic  was  detected  up  to  the  fifty-ninth  day,  and  in  the  other 
up  to  the  eighty-third  day  after  the  last  administration. 

In  the  case  of  a  woman  who  died  twenty-nine  days  after  the  dis- 
continuance of  an  arsenical  medication  which  had  continued  for  twenty 
days  Scherbatscheff^  very  properly  gave  the  opinion  that  traces  of  ar- 
senic found  in  the  liver,  kidney,  and  small  intestines  might  have  been 
the  remains  of  the  arsenic  so  medicinally  administered. 

Heffter''  found  0. 1  mgm.  to  the  litre  of  arsenic  in  the  urine  of  a  woman 
three  weeks  after  she  had  taken  Royat  water,  containing  1  mgm.  to 
the  litre,  for  fourteen  days.  He  also  found  that  patients  receiving 
daily  doses  of  15  to  19  mgm.  of  arsenic  by  the  mouth  or  by  intra- 
muscular or  intravenous  injection  eliminated  only  eleven  to  fourteen 
per  cent,  of  the  daily  dose  by  the  urine.  In  later  experiments  he 
found  the  elimination  by  the  urine  to  be  8.14  per  cent.,  when  taken 
by  the  mouth,  ten  per  cent,  hjrpodermically,  twenty-two  per  cent,  in- 
travenously, and  less  than  one  per  cent,  when  introduced  into  the 
rectum. 

Almqvist  and  Welander,^  in  the  urine  of  patients  who  had  been 
under  arsenical  medication,  found  weighable  amounts  of  arsenic  up  to 
sixty  days  after  discontinuance  of  the  treatment,  and  qualitatively 
detectable  quantities  up  to  seven  months. 

Mann"  detected  arsenic  in  the  urine  of  the  victims  of  beer  poisoning 
up  to  twenty-six  to  thirty-one  days  after  the  last  ingestion. 

We  know  of  no  quantitative  determinations  which  would 
serve  to  determine  what  proportion  of  the  ingested  arsenic  is 
eliminated  by  the  urine  in  severe  or  fatal  acute  poisoning  in  the 
human  subject. 

'Gaillard:    Bull.    Soc.    m^d.-l^g.,  *  Ergebnisse  d.  Physiol.,  1903,  ii., 

Pans,  1873-74,  in.,  249.     Also  Ann.  115,     116.      Also     Arch.     int.    de 

d'hyg.,  1874,  2  s.,  xlii.,  406.  pharmacod.,  1905,  xv.,  399. 

'  ^oc.  cit.  5  Quoted  by  Heffter,  loc.  cit. 

Vrtljschr.    f.    ger.    Med.,     1900  «  Med.-Chir.    Tr.,     1901,    Ixxxiv., 

3  F.,  xix.,  233.  435. 
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Knapp  in  the  case  of  one  of  the  arsenic  eaters  whose  urine  he  ex- 
amined^ gives  0.0292  gm.  as  the  amount  recovered  from  121. 'j  c.c.  of 
urine  after  the  ingestion  of  0,05  gm.  of  arsenic  trioxid.  This  result 
is  undoubtedly  affected  by  a  notable  plus  error,  as  in  the  method  fol- 
lowed (distillation  with  ferric  chlorid  and  hydrochloric  acid  and  titra- 
tion with  iodin)  other  compounds  distil  from  normal  urine  which  be- 
have toward  iodin  in  the  same  manner  as  do  arsenical  compounds. 

Almqvist  and  Welander-  analyzed  the  urine  of  psoriasis  patients 
under  treatment  by  intravenous  arsenical  injections.  With  a  daily 
administration  of  0.02  gm.  of  arsenic  trioxid,  the  day's  urine  contained 
from  0.0033  to  0.014  gm.  AsjOj,  an  elimination  by  this  channel  of  from 
16.5  to  70  per  cent.  These  results,  however,  give  no  indication  of 
what  the  elimination  would  be  if  the  arsenic  were  taken  bj'  the  mouth. 

Hills^  in  206  samples  of  urine  containing  arsenic,  the  origin  of  which 
was  undetermined,  found  the  quantity  to  vary  from  0 .  003  to  0 . 3  mgm. 
per  litre. 

That  arsenic  is  contained,  in  the  urine,  in  part  at  least,  as  an 
arsenate,  seems  probable  from  the  fact  that  hydrogen  sulfid  does 
not  produce  an  immediate  precipitate  in  the  urine  of  persons 
under  arsenical  medication,  although  the  Gutzeit  test  gives  affirma- 
tive results  when  applied  directly  to  the  urine.  On  the  other 
hand,  its  final  precipitation  by  this  reagent  indicates  that  it  is 
not  present  in  any  stable  form  of  organic  combination.  Binz* 
and  his  co-workers,  and  Vitali''  have  demonstrated  that  arsenites 
are  oxidized  in  the  system  to  arsenates,  and  also  that  arsenates 
are  reduced  to  arsenites. 

Numerous  experiments  have  been  made  with  animals,  par- 
ticularly dogs,  with  regard  to  the  renal  elimination  of  arsenic 
under  varying  conditions  of  administration: 

Severi"  found  that  with  a  single  toxic  dose  and  when  the  kidneys  are 
in  normal  condition  the  elimination  is  rapid  and  is  complete  in  from 
four  to  six  days.  When  toxic  doses  are  administered  hypodermicall}^ 
elimination  begins  immediately  after  the  injection,  is  very  abundant 
in  the  first  hours,  and  lasts  a  maximum  of  three  to  five  days.     After 

>  See  p.  516.  =  Jahresb.  f.  Thierch.,  1893,  xxiii., 

-  Loc.  cit.  ■  74;  1896,  xxvi.,  83. 

'  Best.  M.  and  S.  J.,  1894,  oxxxi.,  «  Ann.  di  Chim.  e  d.  Farm.,  1893, 

453.  xviii.,   33,  ex  3.    f.    Thierch.,   1893, 

*  Binz  and  Schultz:  Arch.  f.  exp.  xxiii.,     104;     Riforma    med.,    1893, 

P.  u.  P.,  1879,  xi.,  200.    Binz:  Ihid.,  Nos.  258-259,  ex  J.  t.  d.  Thierch., 

1895,     xxxvi.,     275.;    Ihid.,     1897,  1894,  xxiv.,  103. 
xxxviii.,  259.     Binz  and  Laar:  Ihid., 
1898,  xli.,  179. 
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large  doses  at  intervals  of  12  to  15  days,  the  elimination  of  arsenites  is 
very  protracted.     He  found  no  arsenate  after  daily  small  doses. 

Scherbatscheff'  experimented  with  dogs  and  rabbits.  With  the 
former  he  found  the  duration  of  elimination  to  depend  upon  the  ab- 
solute quantity  of  arsenic  administered  in  medicinal  doses.  When 
the  total  quantity  was  0.03  gm.  given  hypodermically  in  twenty-four 
days,  ehmination  was  complete  in  about  seventy  days;  while  in  another 
experiment  in  which  4  mgm.  were  injected  daily  to  a  total  of  0. 1  gm., 
traces  of  arsenic  were  found  in  the  brain  and  bones  160  days  after  the 
last  administration.  Arsenic  was  also  found  in  the  brain  and  bones 
after  it  could  no  longer  be  detected  in  the  urine.  The  elimination  by 
rabbits  was  more  rapid  than  by  dogs. 

Heffter'  found  that  a  dog  receiving  38  mgm.  of  arsenic  as  sodium 
arsenite  daily  and  hypodermically,  eliminated  an  average  of  10  mgm. 
in  the  urine,  twenty-six  per  cent,  of  the  amount  injected. 

Although  the  urine  is  the  most  obvious  and,  during  the 
earlier  stages  of  the  poisoning,  probably  the  most  active  channel 
of  elimination  of  arsenic,  in  cases  of  long  duration  the  excretory 
action  of  the  kidneys  may  be  diminished  to  such  an  extent  that 
the  urine  no  longer  contains  any  detectable  quantity  of  the 
poison,  which  after  death  may  still  be  detected  even  in  the  soft 
parts.  The  failure  to  detect  arsenic  in  the  urine  by  the  usual 
methods  is  consequently  not  sufficient  proof  that  elimination  is 
complete.  Sonnenschein^  reports  a  case  of  attempted  poisoning 
by  repeated  doses  of  extract  of  fly  papers  in  which  the  analysis 
showed  the  presence  of  arsenic  in  the  fseces  but  none  in  the 
urine.  In  this  case  apparently  elimination  through  the  alimen- 
tary canal  continued  after  it  had  ceased  through  the  kidneys. 

A  young  woman  had  been  treated  with  Pearson's  solution  for  two 
months.  On  admission  to  the  hospital  this  was  discontinued,  t^he 
died  in  nineteen  days.  The  urine  examined  on  the  fifteenth  day  showed 
no  trace  of  arsenic.  The  liver,  which  was  ^-ery  large,  yielded  a  mirror 
of  arsenic  estimated  to  weigh  1  to  2  mgm. 

A  young  woman  had  taken  Fowler's  solution  for  eight  months,  with 
an  interval  of  two  months.  On  entrance  into  the  hospital  a  medica- 
tion with  bismuth  subnitratc  (non-arsenical)  in  large  doses  was  sub- 
stituted.    She  died  in  thirty-five  days.     The  urine  contained  no  arsenic 

'  Vrtljschr.    f.    ger.    Med.,    1000,  '^  Ergebnisse  d.  Physiol.,  1903,  ii., 

3F.,  xix.,  233.  116. 

^  "  Gericht.  Chem.,"  1869,  p.  120. 
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after  the  twenty-seventh  day.     The  hver  yielded  1 . 9  mgm.  of  elemen- 
tary arsenic  on  analysis.' 

The  Due  de  Praslin  died  in  six  days  after  having  taken  a  large  dose 
of  arsenic.  The  poison  was  found  in  the  liver  and  intestines  after 
death,  but  no  trace  was  detected  in  the  urine  passed  in  the  last  moments 
of  life.= 

That  arsenic  is  eliminated  by  the  liver  through  the  bile  is 
shown  by  an  analysis  of  Bingley'  who  found  arsenic  equivalent 
to  73.5  mgm.  of  AS2O3  in  the  bile  and  gall-bladder  of  a  woman 
who  died  in  about  six  hours  from  white  arsenic;  by  Stich  in  a 
case  of  death  in  five  days;*  and  by  an  analysis  of  Bischoff^  in  a 
case  of  death  from  hydrogen  arsenid,  in  which  an  amount  of 
arsenic  corresponding  to  0.714  mgm.  arsenic  trioxid  in  100  gm. 
was  obtained  from  the  bile,  but  none  from  the  stomach. 

The  occurrence  of  gastric  symptoms  and  of  the  lesions  of  the 
gastric  mucous  membrane  when  arsenic  is  administered  by  chan- 
nels other  than  the  mouth  would  seem  to  indicate  that  the 
arsenic  which  is  found  in  the  stomach  under  those  circumstances 
is  eliminated  in  the  gastric  secretion.'  But  the  experiments  of 
Nencki'  have  shown  that  salicylic  acid  when  introduced  subcu- 
taneously  or  by  enema,  or  even  into  the  stomach  itself  in  suit- 
ably operated  dogs,  does  not  appear  in  the  pure  gastric  secre- 
tion, although  present  in  the  urine  at  the  time,  but  that  later 
there  is  regurgitation  of  bile  from  the  intestine,  and  then  the 
stomach  contents  contain  salicylic  acid.  It  seems  very  probable 
that  arsenic  may  behave  in  the  same  way,  and  that,  with  the 
violent  vomiting  which  it  produces,  its  presence  in  the  stomach 
may  be  due  to  regurgitation  of  bile  from  the  intestine.  This 
view  is  supported  by  the  results  of  Bischoff's  analysis,  quoted 
above. 

Arsenic,  when  taken  by  the  stomach,  is  found  in  the  skin 

iRitter:     Rev.     m6d.     de     I'Est,  Rept.,  1864,  3  s.,  x.,  220.     Brisken: 

Nancy,  1878,  ix.,  257-267.  Vrtljschr.  f.  ger.  Med.,   1864,  xxv., 

^Tardieu:  "  Empoisonnement,"  110.     Tidy:  Lancet,   1878,   ii.,   250. 

2eme  ed.,  422.  Prentiss:  Therap.  Gaz.,   1892,  3    s., 

'Lancet,  1864,  i.,  697,  732.  viii.,    105.     Eulenberg:    "Schad.   u. 

'-Munch,    med.  Wchnschr.,  1901,  gift.  Gasen,"  1865,  410,  note.     Stich: 

xlviii.,  425.  Munch,     med.      Wchnschr.,      1901, 

^  Lesser:   "Vrtljschr.  f.  ger.   Med.,  xlviii.,   425.     Lescceur:   Nord   m^d., 

1897,  3  F.,  xiv.,  296,  309.  1907,  xiii.,  193. 

"Ghristison:  "Poisons,"  Am.  Ed.,  'Arch.   f.    exp.    P.    u.   P.,    1895, 

258.    Haberda:  Wien.  kl.  Wchnschr.,  xxxvi.,  400. 
1897,  X.,  201.     Taylor:  Guy's  Hosp. 
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and  in  notable  quantity  in  the  nails'  and  is  in  all  probability- 
eliminated  to  some  extent  in  the  perspiration.  Sonnensehein^ 
in  the  Knothe  case  found  small  but  distinct  quantities  in  the  bed 
clothing  upon  which  the  head  of  the  deceased  had  lain,  and  in  a 
position  where  neither  the  vomit  nor  the  poison  itself  could 
have  accounted  for  its  presence. 

When  arsenic  is  applied  to  the  skin  or  to  exposed  mucous 
membrane,  the  discharges  which  its  irritation  produces  contain 
arsenic.^  Although  this  in  some  cases  may  be,  in  part  at  least, 
the  arsenic  directly  appHed,  Chatin*  found  arsenic  in  the  serum 
of  a  vesication  produced  upon  the  skin  of  a  suicidal  arsenical 
patient;  and  even  suggested  the  application  of  blisters  and  the 
chemical  examination  of  the  serum  to  establish  the  diagnosis  in 
doubtful  cases. 

Mann^  extracted  0.8  mgm.  of  arsenic  from  10  gm.  of  the 
horny  epithelial  scales  exfoliated  by  patients  with  arsenical 
keratosis,  a  part  of  it  being  in  soluble  form.  He  also  obtained 
ample  sized  crystals  of  arsenic  trioxid  from  0.1  gm.  of  nail 
cuttings  from  like  subjects.  Kelynack"  obtained  enough  arsenic 
to  give  a  distinct  mirror  with  the  Marsh  test  from  desquamated 
epithelium  of  victims  of  arsenical  beer  poisoning  five  weeks 
after  stopping  the  beer.  Scholz'  detected  arsenic  in  psoriasis 
scales  of  arsenical  subjects  by  the  Gosio  method,  but  not  by  the 
Marsh. 

Liman,  in  discussing  "an  unsolved  riddle"  in  which  arsenic 
was  found  in  the  hair  but  in  no  other  part  of  the  cadaver  or  its 
surroundings  after  a  burial  of  eleven  years,  considers  it  probable 
that  the  arsenic  in  such  cases  reaches  the  hair  rather  by  post- 
mortem processes  than  during  life.^ 

On  the  other  hand,  in  the  description  of  Gubler's  case,  cited 
above,"  it  is  stated  that  the  head  was  shaved  and  that  "  her  hair 

'  See  Table,  p.  542.  s  Casper-Liman :  "Handb.  d.  ger. 

=  "Gericht.  Chemie,"  1869,  p.  119.  Med.,"  Stc  Aufl.,p.  411.     In  another 

=  Brisken:  Vrtljschr.  f.  ger.  Med.,  of  Ca-^^pcr's  cases   (p.  424),  after  a 

1864,    XXV.,     110.     Taylor:     Guy's  burial   of  fourteen  and   one-half 

Hosp.    Rep.,    1864,    3    s.,    x.,    220.  months,   95   gm.   of   hair  contained 

Cameron:  Brit.  M.  J.,  1890,  ii.,  203.  0.0024gm.  AS2O3  and  200   gm.   of 

*  J.  de  C:him.  mi5d.,  1847,  3  s.,  iii.,  soft   parts  from  the  abdomen  only 

32^-  0.0012  gm.  As^Oj.     In  still  another 

Lancet,  1901,  n.,  385.  case  of  poisoning  by  Schweinfurth 

°  J™ed-Chir.    Tr.,    1901,    Ixxxiv.,  green   (p.   436)   the  hair  contained 

,  rT   ,  ,  ,    ,,T  ,        ,  both  arsenic  and  copper. 

'Berl.kl.  Wchnschr.,1899,xxxvi.,  "Carter:      Liverpool      Med.-Chir. 

^^^-  Jour.,  1890,  x.,  137. 
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grew  again,  and  I  thought,  after  a  certain  number  of  months, 
that  it  would  be  curious  to  know  if  the  hair  contained  arsenic. 
The  analysis  of  the  hair,  made  eight  months  after  the  poisoning, 
gave  a  quantity  of  arsenic  considerable  enough."  Eulenberg' 
found  arsenic  in  the  hair  of  an  ex-employee  in  a  Schweinfurth 
green  factory  two  years  after  he  had  abandoned  the  employ- 
ment. Schiff"  found  arsenic  in  an  insoluble  form  in  the  hair  of 
dogs,  both  after  continued  administration  of  small  doses  and 
after  death  from  a  large  dose.  Knecht  and  Deardon^  found  ar- 
senic in  the  proportions  of  0.3  and  1.0  parts  in  10,000  in  the 
hairs  of  two  victims  of  beer  p-oisoning,  as  well  as  traces  in  those  of 
three  healthy  persons.  Brouardel  and  Pouchef  also  recommend 
that  the  hair  be  cut  and  analyzed  for  the  purpose  of  establishing 
a  diagnosis  during  life  in  doubtful  cases. 

The  hair  has  been  found  to  contain  arsenic  in  notable  quan- 
tity in  several,  cases  in  which  the  body  was  examined  chemically 
after  long  burial.  Thus  Sonnenschein  found  it  in  the  amount  of 
2.4  mgm.  in  95  gm.  of  the  hair  of  a  cadaver  exhumed  after  two 
and  a  quarter  years,  in  which  arsenic  was  also  found  in  other 
parts  of  the  cadaver,  but  none  in  the  sawdust  with  which  the 
body  was  surrounded,^  and  Brouardel  and  Pouchet  found  it  in 
the  amounts  of  1  mgm.  and  2.5  to  5  mgm.  per  100  gm.  in  the 
hairs  of  two  of  the  Havre  victims,  buried  two  and  two-thirds 
years  and  fourteen  months,  respectively."  In  the  AS.  Galtie, 
Blarez,  Deniges,  and  Lande'  obtained  22,  40  and  85  mgm.  per 
kilo  from  the  hairs  of  the  three  victims  of  acute  poisoning.  In 
the  Aff.  Canaby,  Dumora'  controverted  the  claim  of  the  de- 
fendant that  she  had  used  the  Fowler's  solution,  which  she  had 
purchased  from  several  druggists,  by  taking  it  herself,  by  com- 
parative analyses  of  her  hair  and  that  of  the  victim,  as  well  as 
hairs  from  persons  under  arsenical  medication.  The  defendant's 
hair  contained  only  2  mgm.  per  kilo,  and  that  of  the  victim  40 
mgm.  per  kilo  in  the  hair  of  the  head,  and  28  mgm.  in  that  of 
the  beard.  In  the  hairs  of  the  patients  he  found  from  five  to  ten 
mgm.  per  kilo. 

'"Schad.  u.  gift.   Gasen,"  1865,  =  Casper-Liman:  op.  cii.,  424.      . 

411,  note.  ''Loc  cit. 

"  Wien.  kl.  Wchnschr.,  1898,  xi.,  '  J.  de  m^d.  de  Bordeaux,    1904, 

537.  xxxiv.,  830;  Arch,  d'anthrop.  crim. 

"Lancet,  1901,  i.,  854.  1905,  xx.,  81. 

*Ann.  d'hyg.,  1889,  3  s.,  xxii.,    =Arch.  d'anthrop.  crim.,  1906, 
486.  xxi.,  716. 
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In  fatal  cases  in  the  human  subject  a  measure  of  the  com- 
pleteness of  elimination  by  all  channels  may  also  be  had  in  the 
detection  or  non-detection  of  the  poison  in  the  cadaver. 

EHmination  from  the  soft  parts,  when  a  single  large  dose 
has  been  taken,  may  be  complete  in  about  fifteen  days,  to  such 
extent  at  least  that  no  detectable  quantity  remains.  In  a  few 
instances  analysis  has  failed  to  reveal  the  presence  of  any  trace 
of  arsenic  in  the  soft  parts  when  death  has  occurred  at  about 
this  interval. 

Severi'  failed  to  find  arsenic  in  the  intestines,  liver,  spleen,  stomach, 
or  kidneys  of  a  person  who  had  died  in  eight  days  after  poisoning  by 
arsenic  trioxid. 

In  the  case  of  Dr.  Alexander  a  large  quantity  of  arsenic  trioxid 
mixed  with  arrow  root  was  taken  by  mistake.  He  suffered  the  usual 
symptoms  and  died  on  the  sixteenth  day.  The  stomach  was  found  to 
be  ulcerated,  but  no  arsenic  was  found  on  analysis  of  stomach,  liver, 
and  spleen.^ 

In  the  case  of  Reg.  v.  Williams  (South  Wales  Circ,  July,  1863)  a 
clear  case  of  arsenical  poisoning  was  made  out.  Death  occurred  in 
fifteen  days  after  the  administration,  and  no  arsenic  was  found  in  the 
cadaver  on  analysis.^ 

Elimination,  aided  by  copious  vomiting,  caused  the  removal  of  all 
detectable  quantities  of  arsenic  in  the  case  of  a  man  who  died  in  eleven 
days  after  having  been  poisoned  by  arsenic  in  coffee.  No  arsenic  was 
found  in  either  stomach,  intestines,  hver,  or  spleen  on  analysis.* 

Grohe  and  Mosler*  have  reported  a  case  in  which  we  must  believe 
that  the  failure  to  detect  any  trace  of  arsenic  in  the  stomach  or  intes- 
tinal contents,  the  spleen,  liver,  bile  or  kidneys,  was  due  to  some  acci- 
dent or  to  defective  analysis  rather  than  to  completion  of  elimination. 
It  was  the  case  of  a  two-year-old  boy  who  died  in  thirteen  hours  after 
taking  a  green  pigment  into  the  mouth.  He  had  vomited  a  large 
amount  of  green  material  in  which  arsenic  was  detected. 

On  the  other  hand,  arsenic  has  been  found  in  the  liver,  kid- 
neys, muscles,  and  tissue  of  the  stomach  and  intestines,  although 
in  small  quantity,  in  one  case  in  which  death  followed  in  fourteen 
days  after  a  single  administration."     We  know  of  no  instance  in 

■  J.  f.  d.  Thierch.  1S!);5,  xxiii.,  104.  '  Maschka:      Vrtljschrt.     f,     ger- 

^Geoghegan:     Med.     Times     and  Med.,  1863,  xxiii.,  261-270. 
Gaz.,  1S57,  n.s.,xiv.,3S9.  ^  Virch.  Areh.,  1S65,  xxxiv.,  208. 

=  Herapath:  Lancet,  1863,  ii.,  47.  » See  Case  X.,  Table  A,  p.  531. 
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which  the  poison  was  detected  in  the  cadaver  in  an  acute  case  of 
longer   duration  than  this. 

The  elimination  from  the  bones,  particularly  those  rich  in 
spongy  tissue,  takes  place  more  slowly  than  from  the  soft  parts 
in  cases  of  poisoning  by  repeated  doses,  and  probably  in  acute 
cases  also.  Thus  in  the  case  of  the  woman  Morisse,  one  of  the 
victims  of  the  Havre  poisonings,  who  died  in  six  weeks  after 
having  been  removed  from  the  possibility  of  further  administra- 
tion, the  liver,  spleen,  kidneys,  and  brain  contained  no  traces  of 
arsenic,  which  was  readily  detected  in  the  bones  of  the  skull, 
the  vertebrae,  and  the  hairs.  ^ 

Concerning  the  passage  of  arsenic  into  the  milk  of  nursing 
women  see  p.  421. 

FORENSIC  QUESTIONS.^ 

We  have  already  considered  a  number  of  questions  which  may 
be  formulated  in  cases  of  supposed  poisoning  by  any  toxic  agent. 
Besides  these  there  are  others  which  relate  more  particularly, 
almost  exclusively,  to  arsenic.  Of  these  we  have  considered 
such  as  relate  to  the  non-homicidal  and  more  or  less  legitimate 
introduction  of  arsenic  into  the  body  during  life  in  the  preceding 
pages.  There  still  remains  the  cardinal  question:  Was  the 
arsenic  found  in  the  cadaver  of  ante-mortem  or  of  post-mortem 
origin? 

We  believe  that  in  the  present  condition  of  the  science  this, 
in  many  cases,  is  a  question  which  must  be  left  to  the  jury  to 
determine  in  the  light  of  the  entire  testimony  in  the  case,  rather 
than  one  upon  which  an  expert  may  safely  express  a  positive 
opinion  in  the  light  of  the  scientific  evidence  alone.  And  this 
we  say  without  prejudice,  be  it  understood,  to  the  opinion  that 
a  scientific  jury  would  be  much  more  competent  to  properly 
weigh  the  evidence  than  a  lay  jury. 

As  toxicologists  are  by  no  means  unanimous  upon  this 
point,  we  will  state  the  grounds  for  the  opinion  we  have  ex- 
pressed somewhat  at  length,  considering,  to  begin  with,  the 
possible  sources  of  arsenic  in  a  cadaver  other  than  from  ante- 
mortem  introduction,  whether  criminal  or  legitimate: 

'  Brouardel    and  Pouchet:    Ann.  ^  See  also  pp.  201  ei  seg. 

d'hyg.,  1889,  3  s.,  xxii.,  362,  484. 
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1.  Normal  Arsenic. — The  question  whether  arsenic  may  not 
exist  as  a  normal  constituent  of  the  tissues  of  the  human  body, 
which  had  been  dismissed  as  settled,  has  recently  assumed  a  theo- 
retical, if  not  a  practical,  interest  through  the  researches  of 
Gautier. 

In  1838  Couerbe  announced  to  the  French  Academy  that  he 
had  found  that  the  bones  of  the  putrid  bodies  of  human  beings 
contain  traces  of  arsenic.  During  the  two  following  years  the 
existence  of  arsenic  as  a  normal  constituent  of  human  bones,  in 
very  small  quantity,  was  energetically  defended  by  Orfila, 
Devergie,  and  others.  But  in  1841,  following  the  denial  of  the 
truth  of  these  views  by  Flandin  and  Danger,  and  in  consequence 
of  further  analyses  of  their  own,  both  Orfila  and  Devergie  recog- 
nized that  their  previous  determinations  had  been  affected  with 
error,  and  abandoned  the  belief  in  "  normal"  arsenic.  Devergie 
assigning  the  existence  of  traces  of  arsenic  in  the  reagents  used 
and  the  great  delicac)'  of  the  Marsh  test  as  the  causes  of  the  error, 
while  Orfila  considered  the  "  history  of  the  so-called  normal 
arsenic  as  an  impenetrable  mystery."^ 

Nothing  further  was  heard  of  normal  arsenic  until  1899,  when 
Guatier  presented  the  first  of  a  series  of  papers  to  the  French 
Academy^  in  which  he  claims  that  arsenic  is  a  normal  and  con- 
stant constituent  of  the  thyroid  and  mammary  glands  in  deter- 
minable amount,  and  of  the  brain,  thymus,  hair  (and  horns), 
skin,  milk,  and  bones  of  man  and  of  herbivorous  and  carnivorous 
animals.  He  gives  the  amounts  present  in  these  various  organs 
as:  thyroid,  0.75  mgm.  in  100  gm.  of  tissue;  mammary  gland, 
0.13  mgm.  in  100  gm.;  brain,  quantity  very  variable  or  none; 
thymus,  quantity  very  sensible,  not  determined;  hair  and  horns, 
skin,  milk,  bones,  diminishing  traces.  He  also  believes  it  to 
probably  exist  in  the  pituitary  gland.  The  thyroids  examined 
were  from  man,  dog,  hog  and  sheep,  and  always  gave  evidence  of 
the  presence  of  very  minute  quantities  of  arsenic  (0.067  mgm. 
per  100  gm.  in  hog;  0.05  in  sheep;  0.748  in  man),  while  it  was 
always  absent  in  the  livers  of  the  same  animals  similarly  ex- 
amined.    The  human  thyroids  were  obtained  from  a  woman  and 

'  For  discussions  of  this  contro-  -  C.    rend.    Ac     Sc     Paris,   1899, 

versy  see:  Orfila:  "Traits  de  Tox.,"  cxxix.,  92(1,  936;   196'o,  cxxx.,  284; 

5eme  ^d.,  i.,  .544.     Devergie:. "  Me^d.  1900,    cxxx'i.,    361;    1902,    cxxxiv., 

leg.,'    .3cme  ed.,  m.,  475.     Flandin:  1394;     1902,     cxxxv.      812;     1903, 

"Traite  des  Poisons,"  i.,  72X.  cxxxvii     295                 ' 
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five  men,  who  had  taken  no  metalhc  medicine.  On  digesting 
the  gland  tissue  with  pepsin-hydrochloric  acid,  the  peptones  pro- 
duced were  found  entirely  free  from  arsenic,  which  existed  in  the 
remaining  nucleins,  from  which  he  concludes  that  the  phosphorus 
nucleins  are  accompanied  in  these  situations  by  "  arsen  nucleins." 
He  considers  that  arsenic  is  essential  to  some  function  of  the 
thyroid,  which  exercises  a  selective  action  for  extremely  minute 
quantities  existing  in  the  blood.  As  he  has  never  detected  it  in 
normal  blood  he  concludes  that  the  quantity  there  present  can- 
not exceed  1:50,000,000.  As  to  the  origin  of  this  arsenic,  he 
suggests  that  the  animals  find  it  in  their  food,  and  refers  to  the 
detection  of  arsenic  in  traces  in  straw,  cabbage,  turnips,  and 
potatoes.^  He  found  arsenic  in  the  mammary  gland,  milk  and 
bones  of  the  cow,  and,  recalling  the  slow  elimination  of  this 
poison  from  the  bones, ^  he  expresses  the  belief  that  it  is  never 
absent  from  them.  In  the  brain  the  presence  of  arsenic  was  not 
found  to  be  constant.  In  the  entire  encephalon  of  an  infant 
born  at  term  and  dead  from  asphyxia,  whose  mother  had  taken 
no  arsenic,  he  found  0.4  mgm.  in  310  gm.  of  tissue;  in  another 
infant  brain,  weighing  280  gm.,  he  found  only  a  barely  sensible 
trace;  in  two  other  infant  brains  no  trace  of  arsenic  was  found;  nor 
was  any  trace  found  in  the  brains  of  two  women.  He  considers 
that  arsenic  is  eliminated  by  the  skin,  hair,  and  nails. ^  Gautier 
in  conclusion  remarks  that  from  a  medico-legal  point  of  view 
the  only  conditions  in  which  any  doubt  could  be  caused  by 
normal  arsenic  would  be  in  a  late  exhumation,  when  the  putre- 
factive processes  might  have  caused  the  distribution  of  the 
arsenic  from  the  thyroid,  etc.,  into  other  parts  of  the  body,  but 
as  the  quantity  in  the  thyroid  does  not  exceedO.  17  mgm.  in  the 
adult,  and  as  the  amounts  in  the  brain,  bones,  etc.,  are  very 
much  less,  the  quantity  thus  distributed  would  be  in  less  pro- 
portion than  the  detectable  amount.  The  results  of  numerous 
analyses  of  those  portions  of  the  body  usually  examined  in  cases 
of  poisoning  are  given,  all  with  negative  results.  In  one  of  his 
later  papers*  Gautier  states  that  in  more  than  thirty  analyses  of 
skin,  hair,  horns,  thyroid  glands,  and  bones  he  always  found 
arsenic,  while  in  more  than  200  analyses  of  the  "non-arsenical" 

'Stein:  J.  f.  prakt.  Chem.,  1850,  '  See  pp.  553-555. 

li.,  302;  1851,  liii.,  37.  "  C.  r.  Ac.  Sc,  1902,  cxxxiv.,  1394. 

"  See  p.  557. 
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organs  of  the  same  animals;  liver,  spleen,  muscle,  stomach, 
cellular  tissue,  lungs,  salivary  glands,  kidneys,  suprarenal 
capsules,  testicles,  intestines,  urine,  and  blood,  the  results  were 
constantly  negative.  He  therefore  asserts  that  while  the  organs 
and  fluids  mentioned  may  not  be  absolutely  free  from  arsenic, 
there  does  not  normally  exist  in  them  more  than  0 .  005  mgm.  in 
200-300  gm.  In  the  same  paper  Gautier  refers  to  the  confirma- 
tion of  his  observations  by  Lepierre,  Pagel,  Imbert  and  Badel, 
and  Abenius. 

Bertrand,^  who  claims  for  his  modification  of  Gautier's 
'method  a  greater  degree  of  delicacy,  to  0.001  or  even  0.0005 
mgm.,  not  only  confirms  Gautier's  results,  except  in  so  far  as  they 
apply  to  human  organs,  which  he  did  not  examine,  but  seeks  to 
go  further.  He  obtained  arsenic  from  the  thyroids  of  pigs  and 
calves,  and  in  larger  amount,  up  to  0.5  mgm.  per  100  gm.  from 
the  bristles,  hairs,  and  hoofs  of  the  same  animals.  He  also  found 
arsenic  not  only  in  the  thyroid  of  the  seal,  but  also  from  all  the 
tissues  of  a  variety  of  fish,  reptiles,  crustaceans,  and  molluscs  in- 
habiting the  sea,  from  which  results  he  drew  the  unwarranted 
conclusion  that  arsenic  is  as  much  an  essential  constituent  of  all 
animal  tissues  as  are  carbon,  hydrogen,  nitrogen,  sulfur,  and 
phosphorus.  While  the  presence  of  arsenic  in  these  creatures 
cannot  be  attributed  to  atmospheric  contamination,  the  fact  has 
no  bearing  upon  the  question  of  the  normality  of  arsenic  in  ter- 
restrial animals,  as  was  pointed  out  by  Gautier,-  because  sea 
water  contains  arsenic  as  do  the  algae  upon  which  many  of  these 
animals  feed.  Bertrand  also  found  arsenic  in  hens'  eggs  to  the 
extent  of  0.005  mgm.  per  egg,  of  which  from  half  to  two-thirds  is 
in  the  yolk.  Finally,  to  avoid  possibility  of  introduction  of 
arsenic  in  the  chemicals  used  in  his  former  process,  he  burnt 
portions  of  sea-tortoise  shell,  of  sponge,  and  of  white  and  yolk  of 
egg  in  a  Berthelot  calorimetric  bomb,  and,  with  the  addition  of 
only  a  little  sulfuric  acid  and  water,  obtained  distinct  mirrors 
in  the  Marsh  test. 

Knecht  and  Dearden'  found  arsenic  in  traces  in  the  hair  of 
three  healthy  persons;  i.  e.,  not  subjects  of  beer  poisoning. 


'  C.  r.  Ac.  Sc,  1902,  cxxxiv.,  1434;     =  C.  r.  Ac.  Sc,  1902,  cxxxv.,  812; 
1902,  cxxxv.,  809;  1903,  cxxxvi.,   1903,  cxxxvi.,  295. 
1083;  1903,  cxxxvii.,  266.  =  Lancet,  1901,  i.,  854. 
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Segale/  using  the  biochemical  reaction^  after  autolysis, 
found  arsenic  in  the  tissues  of  guinea-pigs,  dogs,  hens,  and 
sparrows,  in  almost  all  organs  of  new-born  human  infants 
and  fceti,  and  in  menstrual  blood.  The  negative  results  which 
he  obtained  with  keratin  tissues  he  ascribes  to  insufficient 
autolysis. 

In  direct  contradiction  to  the  results  of  Gautier  we  have 
those  of  Ziemke.^  He  examined  twelve  thyroids  of  adults  and 
one  of  a  new-born  infant,  and  the  brains  of  five  adults  by  Gautier's 
method*  and  obtained  absolutely  negative  results,  except  in  the 
case  of  one  thyroid,  from  which  he  obtained  a  verj^  faint  brown 
stain,  which  was  not  easily  volatile  in  hydrogen,  and  entirely 
insoluble  in  sodium  hypochlorite  solution.^  By  the  Nikitin- 
Scherbatscheff  method^  he  examined  the  cranial  bones,  skin,  and 
thymus  of  two  infants  and  the  brain  of  an  adult  with  un- 
questionably negative  results.  By  Neuman's  method^  he  ob- 
tained absolutely  negative  results  with  the  thyroids  of  three 
adults  and  with  the  brain  of  an  infant.  By  the  Fresenius  and 
von  Babo  method^  four  thyroids  of  adults  and  one  of  an  infant 
also  gave  negative  results.  Finally,  by  the  biochemical  reaction 
of  Gosio°  negative  results  were  had  with  the  thyroids  of  five 
adults,  and  of  three  infants.  In  discussing  the  divergence  be- 
tween his  results  and  those  of  Gautier,  Ziemke  considers  that 
there  can  be  no  error  of  manipulation  or  question  of  the  purity 
of  reagents  in  the  work  of  the  French  toxicologist,  because  of  the 
uniformly  negative  results  which  he  obtained  with  organs  other 
than  those  mentioned;  and  he  attributes  the  difference  in  the 
results  attained,  firstly,  to  the  known  fact  that  certain  organs 
take  up  arsenic  more  readily  and  retain  it  more  persistently  than 
others,  and,  secondly,  to  the  fact  that  in  Germany,  under  exist- 
ing laws,  articles  of  food,  condiments,  etc.,  are  subject  to  a  very 
strict  supervision,  and  that  the  possibility  of  the  introduction  of 
arsenic  into  the  system  by  this  means  is  very  slight,  while  in 
other  countries  arsenic  is  frequently  found  in  articles  used  in  the 
household  and  also  in  food  products.     He  cites  the  statement  of 

1  Ztschr.  f.  physiol.  Chem.,  1904,  '  See  p.  617. 
xlii.,  175.  «  See  p.  596. 

2  See  p.  620.  '  See  p.  596. 

'  Vrtlischr.    f.    ger.    Med.,    1902,  *  See  pp.  187,  597. 

3F.,  xxiii.,  51.  "Seep.  620. 

*  See  p.  595. 
IV.— 36 
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Shattuck'  that  in  the  United  States  the  urine  of  many  healthy 
persons  contains  arsenic;  which,  according  to  Richter^  is  not  the 
case  in  Germany.  This  may  account  for  the  presence  of  arsenic 
in  the  thyroids  of  man,  or  even  of  the  dog  and  hog,  but  hardly  for 
that  found  in  the  sheep. 

Hodelmoser^  also  obtained  results  at  variance  with  those  of 
Gautier.  He  analysed  nineteen  human  thyroids  and  livers  by 
Gautier's  method,  and  fifteen  human  thyroids  by  the  Fresenius 
and  von  Babo  method,  with  four  hours  heating  of  the  Marsh* 
and  obtained  uniformly  negative  results. 

Cerny,^  with  a  heating  of  the  Marsh  for  only  three  hours,  ap- 
pears to  confirm  the  results  of  Gautier,  as  he  found  traces  of 
arsenic  in  four  out  of  six  human  thyroids  examined  in  one 
series,  and  in  five  thyroids  and  four  livers  out  of  seven  human 
thyroids  and  livers  examined  in  another.  There  may,  however, 
be  some  doubt  of  the  absolute  purity  of  the  chemicals  used,  or 
of  freedom  from  contamination  during  life,  from  the  fact  of  his 
discovery  of  arsenic  in  the  livers,  with  which  organ  Gautier, 
with  a  longer  period  of  heating,  obtained  constantly  negative 
results. 

Kunkel,**  using  the  Schneider  and  Fyfe  method  and  the  elec- 


'  llc.l.  News,  1893,  Ixii.,  .589.  tamination.  One  of  the  alternatives 
This  statement  is  attributed  to  suggested  by  Abel  and  Buttenberg 
Shattuck  by  many  writers,  partic-  (Ztschr.  f.  Hyg.,  1899,  xxxii.,  478), 
ularly  among  the  Germans.  It  is,  in  referring  to  Shattuck,  namely,  that 
however,  not  original  with  him,  but  "people  in  America  deal  carelessly 
is  a  quotation  from  Putnam  (Boston  with  arsenic,"  would  very  probably 
M.  and  S.  J.,  1890,  cxxii.,  421),  who  have  been  accepted  by  Ijoth  Shat- 
states  that  of  48  samples  of  urine  tuck  and  Putnam  as  a  more  reason- 
collected  at  random  from  the  out-  able  explanation  of  the  presence  of 
patients  at  the  Mass.  Gen.  Hospital  arsenic  in  these  urines,  than  the 
'Jl  were  found  to  contain  traces  of  hypothesis  of  "normal  arsenic," 
arsenic.  Shattuck's  paper  is  the  which  was  not  entertained  at  that 
report  of  an  address  favoring  the  time.  8ec  also  Thomson,  below, 
passage     of    legislation    in     Massa-  and  p.  549. 

chusetts    to     restrict    the     use     of  ''  Vrtljsehr.    f.    ger.    Med.,    1898, 

arsenical  pigments  in  the  manufac-  3  F.,  xv.,  409. 

ture  of  wall  papers   (see  p.  581),  and  'Ztschr.  f.  physiol.  Chem.,  1900, 

Putnam's  observations  were  appar-  xxxiii.,  329. 

ontly  prompted  by  the  same  interest,  ■'Gautier    states    (C.    r.    Ac.   Sc, 

and,  although  he  states  that  these  1002,  cxxxiv.,  1397),  that  five  hours 

patients      "did     not     present     any  heating    is    necessary   for    the   dis- 

symptoms   which   seomod   referable  covery  of  "traces." 

to  arsenical  poisoning,"   they  were  *  Ztschr.  f.  physiol.  Chem.,  1901, 

certainly  not  "healthy,"  and  there  xxxiv.,  408. 

is  no  assurance  that  they  had  not  °  Ztschr.  f.  physiol.  Chem.,  1905, 

been     exposed     to     arsenical     con-  xliv.,  527. 
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trolytic  Marsh/  failed  to  find  arsenic  certainly  in  any  organ  of  a 
normal  animal.^ 

There  is  no  irreconcilable  contradiction  between  these  appar- 
ently inconsistent  results  from  a  medico-legal  point  of  view,  al- 
though there  may  be  from  that  of  physiology.  Gautier's  sup- 
position that  arsenic  is  a  "normal"  element  of  certain  tissue 
constituents,  and  plays  a  part  in  their  functioning,  like  the 
iodin^  in  the  thyroid,  is  clearly  negatived  if  it  be  shown  not  to  be 
a  constant  constituent  of  those  tissues.  That  question  is  one  of 
notable  interest  to  the  biological  chemist,  but  it  does  not  concern 
the  toxicologist,  to  whom  it  is  immaterial  whether  arsenic 
found  in  these  minute  quantities  with  great  frequency  in  certain 
organs,  not  usually  submitted  to  analysis  in  forensic  cases,  is 
normal  or  of  fortuitous  origin. 

There  can  be  no  doubt,  however,  that  arsenic  is  very  widely 
distributed  in  nature^  and  is  constantly  taken  into  the  human 
economy  in  very  minute  quantities.  Gautier'  has  found  that 
sea-salt  contains  0.001  to  0.045  mgm.  of  arsenic  in  100  gm.,  and 
rock-salt  0.0025  to  0.014  mgm.  Gautier  and  Clausmann^  ana- 
lyzed a  variety  of  food  articles,  meats,  milk,  eggs,  fish,  shell-fish, 
vegetables,  and  wines,  from  whose  arsenic-content  they  estimate 
that  each  inhabitant  of  Paris  receives  7.66  mgm.  (0.12  grain) 
of  arsenic  per  annum  in  his  food.  Besides  these  universal 
sources  of  very  minute  quantities  of  arsenic  there  are  others 
which  are  local  in  character.  Sometimes  these  are  of  such 
nature   as   to    affect    entire    communities,    as   when   the   water 


'  The  other  observers  mentioned  thyroidectomized    animals   are   less 

above  all  used  the  zinc  and  sulfuric  resistant  to  arsenical  poisoning  than 

acid  Marsh.     See  pp.  610,  613.  those  which  are  normal  (Jaendelize 

"  The  only  organs  specified  are  the  and  Perrin:  C.  r.  Soc.  de  biol.,  190S, 

thyroids  and  teeth  of  oxen.  Ixiv.,  233). 

'  The  fact  that  iodin,  which  is  a  *  Garrigou,   C.   r.   Ac.   Sc,   Paris, 

normal  constituent  of  the  thyroid,  1902,  cxxxv.,  1113,  claims  to  have 

is,   like  arsenic,   eliminated   by  the  detected     arsenic     in    infinitesimal 

hair  and  nails,  and  in  the  menstrual  amounts  in  all  rocks,  mineral  and 

blood     in     the     female     (Bourcet:  potable  waters,   and  in  the  ash  of 

These, Paris,  1900;  C.r.  Ac.  Sc,  1900,  vegetables.     But  he  has  not  placed 

cxxxi.,    392;    1901,    cxxxii.,    1364),  the  purity  of  his  reagents  beyond 

would   seem   to   indicate   a   physio-  question. 

logical    relation    between    the    two  '  C.     r.     Ac.     Sc,     Paris,     1903, 

elements.     That  the  thyroid  plays  cxxxvii.,  232. 

some  part  in  the  fate  of  absorbed  ^  Ibid.,  1904,  cxxxix.,  101. 
arsenic  is  shown  by  the  fact  that 
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supply'  or  air^  contains  arsenic.  Or  certain  individuals  only  in  a 
community  may  absorb  arsenic  from  food  articles  more  highly 
arsenical  than  those  referred  to  above,  as  in  the  Manchester  beer 
poisonings.^  Several  investigations  in  which  delicate  and  direct 
methods  of  examination  were  used,  and  the  purity  of  the  chemi- 
cals was  assured,  have  shown  that  the  presence  of  arsenic  in 
human  urine,  in  quantities  very  rarely  exceeding  0.1  mgm.  per 
litre,  and  in  the  absence  of  any  history  of  its  administration,  is  by 
no  means  unusual,  at  least  in  Boston  and  its  vicinity;  and  we 
have  no  reason  for  supposing  that  conditions  differ  there  in  this 
regard  from  what  they  are  in  other  cities  in  the  United  States. 
Putnam*  found  arsenic  in  thirty  per  cent,  of  150  samples  of  urine 
examined.  Sanger^  detected  arsenic  in  twenty  cases,  and  Hills,' 
examining  260  samples  from  180  patients,  found  arsenic  in  135, 
or  seventy-five  per  cent.  In  five  of  these  cases  Hills  found  ex- 
ceptionally as  much  as  0.3  to  0.5  mgm.  per  litre.  In  many  of 
the  cases  the  origin  of  the  arsenic  was  traceable  to  arsenical  wall 
hangings,  etc.,  but  in  others  it  could  not  be  so  accounted  for. 
Hills  suggests  that  the  very  general  use  of  Paris  green  as  an  in- 
secticide, may  have  produced  an  arsenical  impregnation  of  the 
soil  in  certain  localities,  from  which  growing  vegetables  might  be- 
come contaminated.'  Crafts*  found  that  the  dust  in  chimney 
flues  contained  large  quantities  of  arsenic;  and  Wood°  in  two 
cases  of  arsenical  urine,  after  all  possible  wall-paper  contamina- 
tion had  been  eliminated,  found  the  dust  in  the  hot  air  heating  ap- 
paratus to  be  highly  arsenical.     This  origin  of  arsenic  is  traceable 

1  See  p.  420.  =  Proc.  Am.  Acad.  Arts  and  Sc, 

2  Thomson,   Analyst,    1905,  xxx.,       1891,  xxvi.,  24;  Amer.  Ch.  J.,  1891, 
94,  found  from  0.04  to  0.05  mgm.  per       xiii.,  431. 

litre  of  arsenic  in  the  urine  of  the  ''  Boston    M.    and    S.    J.,    1894, 

inhabitants    of    St.    Helens,    where  cxxxi.,  453.     See  also  p.  547. 
large  quantities  of  arsenic  are  dis-  '  Artificial     manures     containing 

charged  into  the  air  from  the  glass  "superphosphate"    contain    arsenic 

works;  while  the  urine  of  the  inhabit-  derived  from  the  sulfuric  acid  used 

ants  of  the  Hebrides  was  found  free  in  their  manufacture.     In  England 

from   arsenic.     It   is    said    (J.    Soc.  it  is  the  practice  of  farmers  to  sow 

Chem.  Ind.,  1901,  xx,,  189)  that  Sir  white  arsenic  upon  the  land  in  the 

Edw.    Frankland    actually    showed  proportion  of  one  pound  to  the  acre 

arsenic  extracted  from  the  London  to  destroy  vermin  (Lancet,  1901,  i., 

atmosphere,      which      undoubtedly  OSS). 

originated  from  traces  of  arsenic  in  *  Boston    M.    and    S.    J.,    1891, 

coal.  cxxiv.,  638;  1S92,  cxxv.,  71. 

'  See  p.  418.  »  Bost.  M.  and  S.  J.,  1894,  cxxxi., 

'  Boston  M.  and  S.  J.,  1SS9,  cxx.,  464. 
235;  1890,  cxxii.,  421;  1891,  cxxiv., 
623. 
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to  the  presence  of  arsenical  pyrites  in  the  coal,  which  would 
naturally  suggest  the  presence  of  arsenic  in  coal-gas.  But  coal- 
gas  is  now  rarely  made,  and  water-gas,  made  from  coke,  steam  and 
naphtha,  however  dangerous  from  its  carbon  monoxid,  would  not 
contain  arsenic;  which  probably  accounts  for  Hills'  failure  to 
detect  it  in  the  Boston  gas.  Brewers  in  the  United  States  al- 
most unanimously  use  glucose,  which  is  very  probably  re- 
sponsible for  some  at  least  of  the  cases  of  "  arsenuria." 

The  presence  of  arsenic  in  the  thyroid  and  skin  and  its  ap- 
pendages, while  it  is  absent  from  other  organs  in  demonstrable 
amount,  may  be  ascribed  to  a  selective  and  retentive  action  of 
the  former,  similar  to  that  which  the  liver  exhibits  toward 
copper,*  and  to  the  well-known  excretory  function  for  arsenic  of 
the  skin  and  its  appendages.^ 

The  presence  of  so-called  normal  arsenic  in  the  organs  in 
which  it  has  been  found  by  Gautier,  whether  it  be  truly  normal 
or  fortuitous,  loses  its  forensic  interest  when  it  is  considered  that 
those  organs  in  which  it  exists  are  not  those  customarily  examined 
in  medico-legal  analyses,  and  that  even  in  those  organs  in  which 
it  has  been  found  it  only  exists  to  the  maximum  amount  of  0. 75 
mgm.  per  100  gm.  of  tissue.  The  caution  of  Bertrand  that  un- 
weighable  traces  of  arsenic  should  not  be  depended  upon  to 
predicate  an  arsenical  poisoning  is  sound,  but  it  is  so  entirely  in- 
dependently of  his  findings  or  those  of  Gautier.  On  the  other 
hand,  the  existence  of  these  traces  in  the  thyroid,  etc.,  does  not 
detract  from  the  value  of  evidence  furnished  by  the  detection  of 
weighable  amounts  in  the  central  organs. 

2.  Undertakers'  Arsenic. — European  toxicologists  only 
consider  the  intentional  introduction  of  arsenic  into  a  cadaver  as 
a  remotely  possible  manifestation  of  the  acme  of  human  de- 
pravity.^ We  find  but  two  instances  in  which  the  hypothesis 
that  arsenic  was  introduced  into  a  cadaver  for  the  purpose  of  sub- 
stantiating a  false  accusation  was  set  up  by  the  defense:  Kidd* 
cites  a  case,  tried  at  Armagh  in  1849,  in  which  "the  body  pre- 

'  See  p.  707.  tional  post-mortem  introduction 

^  See  p.  553.  with     "Es     bedarf     zunachst     der 

'See  Orfila:  "Tr.  d.  Pois.,"  Seed.,  Einwand    gar    keine    Widerlegung, 

1852,  i.,  61.     In  considering  a  case  dass  das  Arsenik  absichtlich  erst  in 

in  which   arsenic  was  found   in  an  die  Leiche  eingehracht  sei  denn  wer 

exhumed    body,    Casper    ("Handb.  soUte  dies  gethan  haben." 

d.  ger.  Med.,  8te  Aufl.,  ii.,  437)  ^  Dublin  Q.  J.  M.  Sc,  1850,  x.,  73. 
dismisses  the   possibility   of  inten- 
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sented  appearances  which  caused  a  suspicion  that  a  stomach 
pump  had  been  introduced  after  death;  and  at  the  inquest  a  de- 
fense was  attempted  on  the  ground  that  the  person  had  died 
from  natural  causes,  and  that  poison  had  been  mahciously  in- 
jected into  the  stomach  afterward."  What  these  "appear- 
ances" were  he  does  not  state.  The  defendants  were  con- 
victed. Reese'  mentions  a  case  in  a  Western  State  in  which 
"suspicions  were  exceedingly  strong  that  the  poison  had  been 
thus  designedly  introduced  after  death  for  sinister  purposes." 
Apart  from  the  facts  that  the  body,  having  been  in  a  vault,  was 
comparatively  accessible,  and  the  existence  of  a  motive,  the  sus- 
picions were  based  principally  upon  the  "broken-down"  condi- 
tion of  the  liver,  the  body  as  a  whole  being  well  preserved;  and 
upon  the  absence  of  yellow  sulfid,  the  autopsy  having  been  made 
"some  three  or  four  3'ears"  after  death. 

Previous  to  the  beginning  of  the  present  centurj^  in  the 
United  States,  however,  a  non-arsenified  cadaver  twenty-four 
hours  after  death  was  only  met  with  when  some  accident  or 
superior  power  had  stayed  the  hand  of  the  "funeral  director." 
Bodies  are  all  embalmed,  except  in  the  coldest  weather;  and, 
even  when  no  internal  injection  is  practised,  cloths  saturated 
with  embalming  fluid  are  kept  upon  the  face  and  other  parts 
previous  to  the  funeral.  Formerly  embalming  fluids  were  al- 
most all  either  simple  aqueous  solutions  of  arsenites  or  arsenates, 
or  combinations  of  these  with  corrosive  sublimate,  zinc  chlorid, 
alum,  methyl  alcohol,  or  gtycerol.  Such  fluids  are  still,  un- 
doubtedly, largely  in  use  in  States  in  which  the  practice  of  em- 
balming is  unregulated,^  although  not  so  generally  as  they  were 
before  the  introduction  of  fluids  owing  their  efhciency  to  formalin, 
boric  acid,  etc.  The  method  of  introduction  varies  with  the  skill 
of  the  undertaker,  from  that  of  the  village  practitioner  who  con- 
tents himself  with  the  injection  of  a  pint  or  two  of  liquid  down 
the  (Esophagus  or  through  a  trocar  pushed  through  the  ab- 
dominal wall,  to  that  of  the  graduate  of  a  school  of  embalming 
who  ties  a  canula  in  an  artery^  and  injects  a  gallon  or  so,  se- 

'Tr.    Coll.    Phys.,    Phila.,    1S77,  M.    and    S.    J.,    1890,    cxxi.,    544. 

3  s.,  iii.,  33.  Suiter:  Tr.  M.  Soc.  X.  Y.,  1891,  394. 

'Seep.  131.     In  France  the  use  of  MVe    have    seen    an    undertaker 

arsenic    for    embalming    was    pro-  (previous    to    the    passage    of   the 

hibited  as  early  as  1846  (Parcellv:  present  law)  make  an  injection  into 

" Embaumements,"  Paris,   1891,  p.  the  basilic  vein,  believing  it  to  be 

128).     See     also     Durrell:     Boston  the  brachial  artery. 
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cundem  artem.  In  the  State  of  New  York  we  have  now  an  ex- 
cellent statute  regulating  the  practice  of  embalming/  which 
is  efficiently  administered. 

There  is  no  means  now  available  by  which  arsenic,  etc., 
which  may  have  been  in  the  body  previous  to  death  can  be  dis- 
tinguished from  that  injected  into  the  blood-vessels  in  embalm- 
ing. Therefore  the  detection  of  arsenical  poisoning  by  chemical 
means  is  effectually  blocked  by  subsequent  arsenical  embalm- 
ing; and  in  communities  where  this  is  permitted  special  instruc- 
tions to  the  undertaker  from  the  poisoner  are  not  necessary.- 

3.  "Cemetery  Arsenic." — Many  soils,  including  those  of 
some  cemeteries,  contain  arsenic,  and  the  earlier  toxicologists 
discussed  at  length  the  possibility  of  its  transferral  by  percola- 
tion of  water  from  the  soil  of  such  cemeteries  to  cadavers  buried 
therein.'  It  was  demonstrated  that  arsenic  existing  as  a 
natural  constituent  of  soil  is  always  in  "insoluble"  combination, 
and  hence  it  was  finally  concluded  that  such  transferral  was  for 
this  reason  impossible,  unless  there  had  been  phj'sical  admixture 
of  the  soil  with  the  remains  consequent  upon  disintegration  of 
the  coffin.*  But  these  compounds  are  not  absolutely  insoluble 
in  water,  and  hence  the  question  becomes  one  involving  the 
degree  of  solubility.  As  Kratter^  has  shown  in  a  very  elaborate 
investigation,  the  possibility  of  transferral  from  soil  to  cadaver 

1  See  p.  131.  Vitali:  "Man.  di  chim.  toss.,"  1893, 

2  Hay  (Phila.  M.  Times,  1876,  vi.,       84.     Ogier:    "Tr.    de    chim.    tox.," 
576)  was  probably  the  first  to  call       1899,  314. 

attention  to  the  danger  of  arsenical  ''  But  Otto  ("Ausmitt.  d.  Gifte," 

embalming.  6te  Aufl.,  p.   155,  note)  states  that 

^Walchner:  C.  r.   Ac.   Sc,   1846,  Grote  analyzed  a  cadaver  which  had 

xxiii.,  612.     Flandin:  "Tr.  de  tox.,"  been  buried  twelve  years  in  a  ceme- 

1846,     i.,     428,     665,     741.     Orfila:  tery  whose  earth  was  arsenical  but 

"Toxicologie,"   5eme    ed.,    1852,  i.,  found  no  arsenic,  although  the  coffin 

548.     Devergie:  "M6d.  16g.,"  3eme  was  completely  disintegrated, 

ed.,   1852,  iii.,  479.     Galtier:  "Tox-  ^ -wien.  Id.  Wchnschr.,   1896,  ix., 

icologie,"  1855,  i.,  366.     Husemann:  1089.     The  case  was  one  in  which 

"Handb.     d.     Tox.,"     1862,     847.  the  body  had  been  buried  five  years 

Sonnenschein:     "Handb.     d.     ger.  and   five   months.     The   coffin   was 

Chem.,"  1869,  144,  and  Vrtljschr.  f.  intact.     The    soil    of   the   cemetery 

ger.    Med.,    1870,    n.   F.,   xiii.,    169.  contained  arsenic  in  about  the  same 

Taylor:    "Poisons,"    3d.     Am.    ed.,  proportion    as    was    found    in    the 

1875,321,331.     Mayet:  Ann.  d'hyg.  remains   of   the   cadaver,    and    was 

1879,  3  s.,  i.,  148.     Brouardel  and  soluble  in  water  to   the   extent   of 

Pouchet:  Ibid.,  1885,  3  s.,  xiv.,  73.  0.0002    gm.    per    litre.     The    con- 

Garnier  and  Schlagdenhaufen :  Ibid.,  elusion  reached  was  that  the  quan- 

1887,  3  s.,  xvii.,  33.     Casper-Liman:  tity  of  arsenic  found  in  the  remains, 

"Handb.  d.   ger.    Med.,"  8te  Aufl.,  37^2  mgm.  ASjO.,,    could    not  have 

1889,  ii.,   396.     Hofmann:   "Lehrb.  originated  from  the  arsenical  soil. 
d.  ger.  Med.,"  5te  Aufl.,  1891,  640. 
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cannot  be  absolutely  negatived  as  a  general  proposition,  but  it 
must  be  determined  in  each  case  whether  and  to  what  extent  the 
cadaver  could  have  become  so  contaminated.  This  will  depend 
upon  the  extent  to  which  the  soil-arsenic  in  the  particular  ceme- 
tery under  investigation  is  actually  soluble  in  cold  water,  the 
duration  of  the  burial,  the  permeability  and  absorbent  power  of 
the  soil  and  of  the  material  of  the  coffin,  etc.,  the  rain-fall,  and 
the  position  of  the  grave  with  regard  to  drainage  or  soakage. 
When  arsenic  is  found  in  "traces"  only  in  a  cadaver  under  the 
conditions  in  which'  this  question  may  arise  the  possibility  of 
soil  origin  cannot  be  broadly  negatived;  but  when  weighable 
amounts  are  found  it  may  be  positivelj-  excluded  even  if  the  soil 
of  the  cemetery  be  arsenical. 

But,  although  the  question  of  the  possibility  of  contamina- 
tion from  natural  "cemetery  arsenic"  has  been  definitely 
limited,  that  relating  to  artificial  cemetery  arsenic  is  one  of  recent 
origin,  local  in  the  United  States,  and  still  demanding  solution. 
The  arsenic  in  embalming  liquids  is,  of  course,  not  insoluble, 
but  quite  soluble.  How  long  does  it  remain  soluble,  and  how 
far  may  it  permeate  the  soil  of  the  cemetery  and  unembalmed 
bodies  buried  therein?  It  is  true  that  during  putrefaction  of  a 
body  containing  arsenic  a  part  or  all  of  the  poison  ma}'  be  con- 
verted into  arsenic  trisulfid,  which  is  insoluble  in  acid  or  neutral 
liquids.  But  the  trisulfid  is  soluble  in  alkaline  liquids,  and  an 
alkaline  reaction  is  not  an  improbable  condition  in  view  of  the 
generation  of  ammonia  during  putrefaction.  Another  condition 
necessary  to  the  migration  of  arsenic  is  the  presence  of  water. 
In  this  respect  cemeteries  differ  markedly.  In  one  cemetery 
during  the  month  of  March  we  have  found  a  casket  and  the  em- 
balmed body  to  be  perfectly  dry  when  exhumed  two  months 
after  burial,  while  in  an  exhumation  in  another  cemetery  two 
weeks  later  the  grave  filled  with  water  nearly  to  the  brim,  and 
the  casket  and  contents  were  thoroughly  water-soaked. 

It  is  true  that  arsenic  may  be  rendered  insoluble  in  neutral 
liquids  not  only  by  conversion  into  the  trisulfid,  but  also  by 
reaction  with  the  calcareous  and  ferruginous  constituents  of 
the  soil.  The  coverings  of  a  body  embalmed  with  sodium  ar- 
senate, a  compound  much  more  slowly  converted  into  trisulfid 
than  the  arsenite,  were  found  after  one  hundred  and  ninety- 
seven  days'  burial  to  contain  notable  quantities  of  arsenic  trisul- 
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fid,  but  no  arsenic  soluble  in  water.  But  as  the  casket  was  water- 
soaked  it  is  presumable  that  soluble  substances  had  been  leached 
out  during  the  six  months'  burial  with  more  or  less  contact  of 
water.  In  some  experiments  of  Garnier  and  Schlagdenhaufen' 
made  with  arsenates  of  iron,  calcium,  and  potassium,  it  was 
found  that  permeation  of  the  soil  did  not  extend  in  fourteen 
months  to  distances  0.6  and  0.9  m.  (twenty  to  twenty-nine  and 
a  half  inches)  below  the  point  at  which  the  samples  were  placed. 
In  these  experiments  the  quantities  used  (5  gm.  =  seventy-seven 
grains)  were  out  of  all  proportion  to  the  quantities  used  in  em- 
balming.^ 

Ludwig  and  Mauthner'  refer  to  the  possibility  of  the  earth 
of  cemeteries  becoming  contaminated  with  soluble  arsenic  from 
arsenical  ornaments  and  colors,  and  from  manufacturing  estab- 
lishments in  the  neighborhood.''  Kratter'  found  a  larger  pro- 
portion of  arsenic  in  the  soil  immediately  below  the  casket,  than 
in  the  cadaver  of  a  woman  who  had  died  of  arsenical  poisoning, 
which  was  exhumed  twenty-two  months  after  burial.  The  soil 
of  the  cemetery  was  arsenic-free. 

In  an  exhumation  of  a  body,  apparently  unembalmed  but 
containing  arsenic,  which  had  been  buried  for  six  weeks  in  a 
gravelly  soil  through  which  the  water  percolated,  and  was  in  an 
advanced  state  of  putrefaction,  the  soil  from  near  both  sides  of 
the  cofiin  contained  traces  of  arsenic." 

Geyer'  points  out  that  at  Reichenstein  in  Silesia,  where  the 
soil  is  impregnated  with  arsenic  which  has  for  centuries  been  dis- 
charged from  metallurgical  works  into  the  atmosphere  and 
thence  deposited  upon  the  land  and  leached  by  the  rains  into 
the  earth,  no  significance  is  to  be  attached  to  the  detection  of 
arsenic  in  exhumed  cadavers. 

4.  Arsenic  in  Articles  op  Ornament.- — Arsenic  is  a  con- 
stituent of  many  pigments,  and,  'if  such  arsenical  colors  have 
been  used  in  the  manufacture  of  any  colored  articles  of  dress  or 

'  Loc.  cit.     See  also  Popp:  Ztsoh.  ischr.   f.    ger.    Med.,    etc.,    1870,    n. 

f.  U.  d.  N.  u.  G.-M.,  1907,  xiy.,  38.  P.,  xiii.,  169. 

^  The  authors  of  these  experiments  ^  Vrtljschr.  f.  ger.  M.,  1907,  3  F., 

make  no  mention  of  embalming  in  xxxiii.,  119. 

enumerating  the  possible  sources  of  "  Ekeley:    Univ.    of   Colorado   M. 

arsenic  in  the  body.  Bull.,  1905,  ii.,  24. 

=■  Wien.    kl.    Wochenschr.,     1890,  '  Arch.  f.  Dermat.  u.  Syph.,  1898, 

iii.,  691.  xlii.,  221-265. 

''  See     also     Sonnenschein:     Vrtl- 
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ornament  which  is  put  into  the  coffin,  there  is  danger  that 
arsenic  may  be  thus  introduced  into  the  cadaver.^  The  possi- 
biUty  of  contamination  from  this  source  has  been  discussed  in 
at  least  four  cases: 

In  the  remains  of  a  child  of  six  years  which  had  been  buried  a  little 
more  than  eight  years,  and  which  had  been  reduced  almost  to  the  skele- 
ton, four  grains  of  arsenic  were  found;  and  in  a  fragment  of  paper- 
like material  of  a  green  color,  half  a  grain  of  arsenic.  The  fragment 
was  the  remains  of  four  religious  pictures  which  had  been  placed  upon 
the  breast  of  the  cadaver  before  burial,  and  the  question  is  discussed 
whether  the  arsenic  found  in  the  remains  might  not  have  been  entirely 
derived  from  the  arsenical  colors  of  the  pictures.  The  " gutachten" 
declares  the  probability  that  the  deceased  died  of  arsenic,  principally  in 
view  of  the  amounts  of  arsenic  found,  and  of  the  symptoms  observed 
during  life.* 

The  body  of  a  child  of  two  years  was  exhumed  after  three  and  a 
half  years'  burial.  The  soft  parts  were  reduced  to  a  brown,  soapy 
mass.  Upon  the  body  remains  of  red  bands,  shreds  of  a  red  fabric, 
numerous  remains  of  a  green  and  blue-green  fabric,  some  glass  balls, 
and  some  more  consistent  green  fragments,  were  found,  and  were  prob- 
ably the  remains  of  artificial  flowers.  The  colors  of  the  fragments 
were  in  places  well  preserved,  in  others  faded,  and  in  others  completely 
wanting.  In  the  remains  of  the  body  a  quarter  of  a  grain  of  arsenic 
trioxid  was  found,  and  a  small  quantity  of  copper.  In  all  of  the  colored 
objects  described  copper  was  present;  the  blue-green  fabric  contained 
traces  of  arsenic;  and  the  remains  of  artificial  flowers  considerable 
quantities  of  arsenic.  The  "gutachten"  concludes  "that  a  distinct 
foundation  for  the  supposition  that  a  poisoning  occurred  is  wanting, 
but  on  the  other  hand  the  possibility  that  such  maj-  have  occurred 
is  not  excluded,  as  it  may  be  that  all  of  the  arsenic  found  in  the  ea- 
da\'er  did  not  come  from  the  pigments,  but  a  part  of  it  may  have  been 
administered  during  life;  a  positive  judgment  upon  this  point  can,  how- 
ever, not  be  given,  either  from  the  medical  or  the  chemical  standpoint.'" 

The  body  of  a  pregnant  girl,  which  had  been  found  in  a  pond,  in 
which  she  was  presumed  to  have  drowned  herself,  was,  upon  the  sup- 
position that  an  abortive  which  she  had  taken  was  arsenical,  exhumed 
three  weeks  after  burial.  Small  pieces  of  small  and  large  intestine, 
liver,  spleen,  and  scalp  with  adhering  hair  were  taken  for  analysis  by  the 

'Even    insoluble    arsenical    con-  ^j^euter:  Med.  Jahrb.  f.  d.  Her- 

pounds  may  be  rendered  soluble  by  zogth.  Nassau,  1846,  206-212. 

contact    with    putrefying    material  ^  Maschka:  "  Gutacht.  Prag.  med. 

(Popp:    Ztschr.    f.    Unt.    d.    N.    u.  Fak.,"  1867,  iii.,  262. 
G.-M.,  1907,  xiv.,  38). 
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physicians  wlio  made  tlie  autopsy.  All  of  this  material  was  analyzed 
together,  the  whole  weighing  only  70  gm.  (two  and  one-fourth  ounces) 
of  which  only  23  gm.  (three-fourths  ounce)  were  of  internal  organs,  and 
found  to  contain  arsenic,  not  in  weighable  amount,  but  sufficient  to 
yield  three  distinct  mirrors.  From  this  it  was  concluded  that  "the  de- 
ceased had  certainly  taken  arsenic,  but  whether  in  dangerous  amount 
or  not  was  uncertain."  A  second  exhumation  was  had,  at  which  ab- 
dominal and  thoracic  viscera,  muscular  tissue  and  hair  were  taken 
from  the  cadaver,  as  well  as  a  wreath  of  artificial  flowers  which  had 
been  upon  the  head,  and  some  colored  silk  fabric  in  which  the  body 
had  been  enclosed.  The  analysis  of  the  viscera  failed  to  show  the  pres- 
ence of  more  than  a  trace  of  arsenic;  the  hair  contained  traces  of  ar- 
senic and  copper,  but  the  muscles  and  skin  of  both  upper  and  lower 
extremities  were  entirely  free  from  arsenic.  In  the  flowers  there  were 
notable  quantities  of  arsenic  and  a  little  copper,  and  in  the  silk  much 
copper  and  a  little  arsenic.  The  opinion  of  the  experts  was  that  it  was 
not  a  case  of  poisoning,  and  that  the  arsenic  found  came  from  the 
artificial  flowers.' 

The  possibility  of  arsenic  in  the  cadaver  being  derived  from  the  dye 
in  silk  was  also  considered  in  the  Speichert  case.^ 

In  the  analysis  of  the  exhumed  bodies  of  those  who  have  died 
from  corrosion  by  sulfuric  acid,  arsenic  will  be  found  in  quantities 
which  might  lead  to  a  suspicion  of  arsenical  poisoning.^ 

The  question  under  discussion,  and  proposed  on  p.  557  is  one 
which  must  arise  in  every  trial  for  poisoning  by  arsenic  in  the 
United  States;  and  will  assume  one  of  t'wo  forms,  according  to  the 
conditions  of  the  case:  Either  embalming  liquids  have  been 
applied  to  the  cadaver  in  some  manner,  in  which  case  the  question 
is  whether  the  expert  is  capable  of  differentiating  poison  in- 
troduced during  life  from  that  injected  after  death;  or  the  evi- 
dence as  to  embalming  is  negative  or  questionable,  when  the 
expert  is  called  upon  to  state  whether  or  not  the  arsenic  found 
was  certainly  in  the  body  at  death  and  could  not  have  been  in- 
troduced subsequently.  The  possibility  of  obtaining  an  answer 
in  either  case  must  depend  upon  the  existence  of  some  known 
difference  between  the  form  in  which  arsenic  introduced  into  the 

'  Ludwig     u.     Mauthner:     Med.-  ^  Ph.    Centralhalle,    1889,    n.    F., 

chir.    Centbl.,     Wien,     1884,     xix.,       x.,  165. 

245;  Ph.  Centralh.,  1884,  n.  F.,  v.,  =  Gamier  and  Schlagdenhauffen's 

33.  case:  Ann.  d'hyg.,   1884,   3    s.,  xi., 

227. 
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system  during  life  is  left  there  at  death,  or  its  distribution  or  effects, 
and  the  form,  distribution,  or  effects  of  that  introduced  after 
death.  The  question  must  be  determined  by  comparison,  and 
that  such  comparison  may  not  be  utterly  misleading  the  things 
or  conditions  compared  must  be  known  and  understood;  and  we 
have  stated  (p.  567)  the  inabihty  of  the  expert  to  answer  the 
question  unaided,  save  under  the  exceptional  conditions  men- 
tioned below^  because,  in  our  behef,  the  knowledge  of  the  con- 
ditions to  be  compared  is  not  as  yet  in  the  possession  of  the 
toxicologist. 

The  FORM  OF  COMBINATION  in  which  arsenic  exists  in  the 
body  at  death  if  taken  during  life  is  not  known,  nor  can  we  say 
in  what  form  it  will  exist  in  a  day  or  week  or  a  month,  whether 
it  be  present  at  death  or  injected  thereafter.  Any  comparison 
of  form,  therefore,  is  an  attempt  to  solve  an  equation  which  has 
no  known  factors.  The  supposition  that  arsenic  enters  into 
combination  with  the  living  tissue  in  a  different  manner  and 
with  the  formation  of  different  products  than  when  acting  upon 
dead  tissue  may  be,  and  probably  is,  an  excellent  a  priori  h}-- 
pothesis  to  serve  as  the  starting-point  for  a  line  of  investigation. 
But  at  the  present  time  it  is,  so  far  as  we  know,  a  pure  hypothesis, 
without  a  scintilla  of  experimental  evidence  of  either  its  truth  or 
its  falsity. 

It  has  been  shown  by  Binz  and  Schulz-  that  in  the  living 
organism,  if  either  an  arsenite  or  an  arsenate  be  injected  the 
other  form  of  oxidation  is  produced,  and  that  after  death  a 
mixture  of  arsenite  and  arsenate  is  found.  But  the  finding  of 
such  a  mixture  does  not  indicate  ante-mortem  introduction  with 
certainty.  Not  only  is  the  commercial  sodium  arsenate  fre- 
quently used  in  embalming,  generally  contaminated  with  arsen- 
ite, but  in  a  case  in  which  pure  arsenate,  free  from  arsenite, 
'  was  injected  after  death  we  have  found  a  mixture  of  arsenate  and 
arsenite.  That  post-mortem  arsenic  may  be  converted  into 
the  trisulfid  is  well  known,  but  the  same  is  true  of  ante-mortem 
arsenic.  Indeed,  in  a  case  of  Hofmann's^  it  appears  probable 
that  a  like  conversion  occurred  during  life.  As  a  result  of  putre- 
factive changes  a  portion  of  arsenic  present  in  the  body  is  con- 

'  See  p.  577.  MVien.  med.  Wochenschr.    1886, 

"  .-Vrch.   f.   exp.  Path.   u.  Pharm.,       xxxvi.,  333,  377,  413. 
1S79,  xi.,  200. 
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verted  into  volatile  products,  probably  either  arsin  itself  or  or- 
ganic arsins,  but  this  post-mortem  change  affects  ante-mortem 
as  well  as  post-mortem  arsenic.  Concerning  organo-metallic 
compounds  of  arsenic  which  may  be  formed  during  life  we  have 
as  yet  nothing  beyond  supposition. 

In  the  methods  now  used  for  separating  arsenic  from  organic 
mixtures,  it  is  identified  as  elementary  arsenic,  and  in  a  state 
which  does  not  permit  of  the  formation  of  an  opinion  as  to  the 
form  in  which  it  existed  before  separation.^ 

The  DISTRIBUTION^  of  arsenic  in  the  body  has  been  depended 
upon  to  solve  the  question,  and  it  is  believed  by  some  to  have 
been  sufficiently  studied  not  only  to  serve  this  end,  but  to  per- 
mit of  a  distinction  between  acute  and  chronic  poisonings,  as  well  as 
between  different  forms  in  which  the  poison  may  have  been  taken. 
The  fundamental  idea  is  that  when  arsenic  is  introduced  during 
life  it  is  rapidly  carried  to  all  parts  of  the  body,  and  there  dis- 
tributed among  the  various  organs  and  tissues  according  to 
the  differing  retaining  powers  of  each,  and  in  a  different  man- 
ner after  single  large  doses  than  after  repeated  small  doses,  and 
with  other  variations  due  to  differences  in  the  solubility  of  the 
poison  in  different  forms;  while,  on  the  other  hand,  arsenic  in- 
troduced post-mortem  will  remain  at  the  point  of  introduction 
or  be  only  slowly  carried  therefrom  and  will  not  exist  in  the 
different  organs  in  the  same  quantitative  proportions  as  ante- 
mortem  arsenic. 

We,  may  distinguish  between  what  may  be  called  qualitative 
distribution  and  quantitative  distribution.^ 

The  former  is  based  upon  the  supposition  that  arsenic  intro- 
duced after  death  by  any  means  other  than  by  injection  into  a 
vein  or  artery  will  remain  entirely  absent  from  parts  anatomi- 
cally far  removed  from  the  point  of  introduction.  Orfila  was 
the  first  to  study  the  question  experimentally  with  a  human 
cadaver,  and  reached  the  conclusion  that  poisons  would  never 
migrate  so  far  as  the  parts  most  distant  from  the  points  at  which 
they  were  applied,  at  least  in  quantities  sufficient  to  be  detected, 


'  Some    years    ago    we    were    in-  mortem    arsenic    toward    solvents, 

formed   by  a    Western   toxicologist  but  we  have  seen  no  report  of  his 

that  he  was  engaged  in  experiments  results, 
looking   toward    the    determination  '  See  pp.  529,  seq. 

of  the  behavior  of  ante-  and  post-  ^  See  "Imbibition,"  p.  199. 
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if  the  amount  injected  into  the  digestive  canal  were  small.' 
This  view  was  apparently  upheld  by  the  results  of  numerous 
experiments  upon  animals,  and  as  late  as  1877  Reese  wrote  that 
"it  is  scarcely  conceivable  that  a  poison,  introduced  into  a  body 
after  death,  could  penetrate  by  imbibition  within  the  cavity  of 
the  cranium  or  spinal  column."^  It  was  not  until  1883  that, 
after  the  trial  of  the  case  of  Peo.  v.  Matthew  Millard  in  Michigan, 
in  which  post-mortem  imbibition  was  invoked  by  the  defense, 
Vaughan  and  Dawson  again  resorted  to  the  only  proper  subject 
for  experiment,  the  adult  human  cadaver,^  and  found  that  the 
brain  contained  arsenic  (1,028  gm.  yielded  0.00363  gm.  AS2O3) 
twenty-four  days  after  post-mortem  injection  into  the  mouth  and 
rectum.  In  this  experiment  a  portion  of  the  liquid  returned 
through  the  nose,  and  consequently  the  injection  was  practically 
into  the  head,  and  direct  imbibition  followed  through  the  openings 
in  the  base  of  the  skull.*  In  1888,  in  connection  with  the  case  of 
Peo.  V.  Ford,  the  author  made  three  experiments  with  human  ca- 
davers. The  injections  in  two  were  by  the  mouth,  in  one  of  which 
the  head  was  severed  from  the  body  immediately  after  the  in- 
jection. In  the  third  the  injection  was  limited  strictly  to  the 
stomach  and  abdominal  cavity.  Each  body  was  kept  fourteen 
days,  after  which  each  brain  was  found  to  contain  arsenic  in 
sufficient  amount  to  yield  quite  heavy  mirrors.  In  the  ex- 
periment with  the  detached  head  the  brain  was  found  in  a  good 
state  of  preservation,  and  a  portion  of  brain  from  the  vertex  was 
found  to  contain  quite  as  much  arsenic  as  another  portion  from 
the  base.  In  the  third  experiment  arsenic  was  found  in  the 
muscular  tissue  of  the  calf  of  the  leg  as  well  as  in  the  brain.^  In 
another  experiment  with  a  human  cadaver  the  brain  contained 
8 .  28  mgm.  of  arsenic  ( AsoOg)  five  days  after  the  post-mortem 
injection  of  16.56  gm.  in  solution  into  the  stomach. 

'  "Traits   des  poisons,"   5th   ed.,  loc.  cit.     Kedzie;  Dawson,  cited  by 

1852,  i.,  59.  Vaughan  and   Dawson.     Torsellini: 

=  Trans.  Col.  Phys.,  Phila.,   1877,  loc.  cit.  infra.,    Moltido,    Ageno  and 

3d  .ser.,  iii.,  33.  Granara:    loc.  cit.    infra.     Walther: 

'  Numerous      experiments      have  Vrtljschr.  f.  ger.  Med.,    1862,  n.  F., 

been  made    with  cadavers  of  small  xxii.,  185.     Miller:  Am.  Nat.,  1886, 

animals,    fccti    and    infants,    which  xx.,  101. 

serve  to  confirm  the  demonstration  •■  Jour.   Am.   M.   Assoc,   1883,  i-, 

that    post-mortem   imbibition    does  115;    Med.-leg.    J.,     N.    Y.,    1889, 

occur.     Orfila,  loc.  cit.,  pp.  56,  530,  vii.,  345. 

730.     Kidd:  Dublin  Q.    J.   M.   Sc,  =  Research.  Loomis  Lab.,  1890,  i., 

1850,  X.,  73.     Reese  (MacCraoken):  38. 
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One  of  the  findings  in  the  third  experiment  is  contradictory 
of  the  results  of  Modica^  in  his  experiments  with  the  cadavers 
of  infants.  In  four  experiments,  arsenic  having  been  introduced 
by  a  sound  into  the  stomachs,  the  hmbs  were  found  to  be  arsenic- 
free  after  burial  in  wooden  boxes  for  thirty,  forty,  fifty,  and 
seventy-five  days,  although  all  of  the  organs  contained  arsenic. 
Like  results  were  obtained  with  corrosive  subhmate  for  the 
shorter  periods,  and  only  after  seventy-five  days  were  traces  of 
mercury  found  in  the  arms,  not  in  the  legs. 

As  early  as  1856  Moltido,  Ageno  and  Granara,^  upon  the 
strength  of  a  single  experiment  with  a  human  liver,  with  its 
vessels  and  bile  ducts  ligated,  immersed  in  ah  arsenical  solution 
for  forty  hours,  after  which  arsenic  was  not  found  in  the  interior 
of  the  organ,  advanced  the  statement  that  the  presence  of 
arsenic  in  the  inner  portions  of  the  hver  indicates  ante-mortem 
absorption.  Torsellini,^  however,  showed  that  under  the  same 
conditions,  but  with  ten  days'  immersion,  the  liver  becomes 
permeated  with  arsenic  throughout. 

In  a  case  reported  by  Mason,*  an  embalming  liquid  contain- 
ing arsenic  and  zinc  had  been  applied  by  cloths  to  the  face  and 
chest  of  the  cadaver  for  many  hours,  but  "no  injection  of  this 
embalming  fluid  was  practised."  After  a  burial  of  thirty-five 
days  the  body  was  exhumed  and  distinct  traces  of  zinc,  as  well  as 
notable  amounts  of  arsenic,  were  found  in  the  heart  and  stomach. 
From  this  it  would  appear  that  an  external  application  of  a 
solution  of  zinc  and  arsenic  for  a  period  limited  to  "  many  hours" 
is  followed  by  passage  of  the  metallic  salt  (and  probably  of  arsenic) 
into  the  interior  of  the  body. 

Strassman  and  Kirsten,'  having  experimented  with  the 
cadavers  of  frogs,  dogs,  and  of  one  human  infant,  assert  that 
"  the  presence  of  poison  in  the  left  kidney  and  its  absence  in  the 
right  indicates  the  introduction  of  poison  into  the  stomach  of 
the  cadaver.  Poison  in  the  two  kidneys  during  the  first  weeks 
indicates  absorption  during  life  ....  Arsenic  does  not  penetrate 
the  brain  from  the  stomach  within  the  first  four  weeks."  Of  the 
three  propositions  here  enunciated  the  first  only  is  admissible, 

'  Rif.    med.,    1898,    xiv.,    pt.    ii.,  *  Jour.    Anal,    and   Appl.    Chem., 

84.3,  855.  1893,  xv.,  No.  6. 

^  Ann.  univ.  di  Med.,  1856,  civiii.,  '  Virchow's  Arch.,  1894,  cxxxvi., 

472.  127.     Strassmann:  Ztschr.  f.  Med.- 

^Rif.  med.,  1889,  i.,  896.  Beamte,  1893,  vi.,  191. 
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although  probably  of  most  exceptional  occurrence.     The  third 
has  been  positively   disproved.     The  second  is   a  proposition 
startling  in  its  novelty.     To  test  its  accuracy  we  injected  an 
arsenical  solution  into  the   stomach   of    an    adult   human   ca- 
daver, and,  examining  the  kidneys  after  five  days,  found  the  right 
to  contain  9.37  mgm.  of  arsenic  (AsjOj)  and  the  left  0.3584  gm. 
The   attempt   to  answer  the  question  from  the  quantitative 
distribution  of  the  poison  is  much  more  scientific.     Indeed,  we 
believe  that  comparisons  of  quantitative  distribution  will  even- 
tually aid  materially  in  solving  the  questions  at  issue  in  many 
cases,  if  they  do  not  do  so  unaided.     But  we  must  still  maintain 
that  at  the  present  time  the  knowledge  which  we  possess  is  en- 
tirely insufficient  to  be  safely  relied  upon.     We  have  already 
discussed  at  length  (see  pages  529-546,  such  information  as  is 
available  concerning  the  distribution  of  poison  taken  during  life, 
and  have  found  it  to  be  both  meagre  and  inconsistent  with 
itself.     Of  the  other  factor  in  the  problem,  the  quantitative  dis- 
tribution of  arsenic  introduced  post-mortem,  we  have  absolutely 
no  information  beyond  a  few  isolated  determinations  of  the 
quantity  in  one  or  another  organ.     It  is  clear  also  that  quantita- 
tive post-mortem  distribution  will  most  probably  differ  accord- 
ing to  the  method  of  introduction,  and  that  it  may  not  be  the 
same  when  the  injection  is  into  an  artery  as  it  would  be  if  the 
poison  were  injected  into  a  vein,  or  into  the  stomach,  or  the 
rectum,  or  the  mouth,  or  imbibed  by  external  application  or 
contact  with  arsenical  objects,  or  immersion  in  arsenical  ground 
water.     In  a  recent  trial  an  expert  for  the  people  testified  that 
"the  arsenic  and  antimony  are  especially  massed,  so  to  speak, 
in  the  ahmentary  tract,  in  the  centre  of  the  body;  the  stomach, 
the  intestines,  and  the  liver  containing  large  amounts  of  both 
arsenic  and  antimony,  a  fact  which  to  my  mind  shows  conclu- 
sively that  the  arsenic  and  the  antimony  could  not  have  entered  the 
body  by  post-mortem  imbibition.     In  other  words,  the  very  fact 
that  the  arsenic  and  antimony  are  to  be  found  massed — centred, 
so  to  speak — in  the  very  centre  of  the  organism  shows  to  my 
mind  that  that  arsenic  and  that  antimony  could  not  have  been  ab- 
sorbed after  death,  because  it  seems  to  me  very  naturally  you 
would  expect  to  find  a  larger  amount  in  the  external  portions  of 
the  body."'     This  opinion,   which  confessedly  has  no  experi- 
'  Peo.  V.  Meyer,  stenographer's  minutes,  fol.  993. 
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mental  foundation,  may  be  well  founded  if  we  consider  only  im- 
bibition from  the  exterior,  but  (equally  as  an  opinion)  we  fail  to 
imagine  how  a  condition  differing  from  that  described  could 
possibly  exist  if  .the  arsenic  had  been  introduced  into  the  stomach, 
post-mortem,  as  it  very  frequently  is  by  undertakers. 

In  the  present  condition  of  our  knowledge,  the  only  conditions 
which  would  warrant  the  chemist  to  state,  from  the  results  of 
his  examinations  alone,  that  all  of  the  arsenic  found  in  a  cadaver 
is  of  post-mortem  origin,  is  when  it  is  found  in  large  quantity  in 
some  accessible  situation,  such  as  the  stomach  or  rectum,  and  in 
smaller  amount  in  the  parts  immediately  adjacent,  but  is  absent 
from  more  distant  parts.  This  can  occur  only  when  the  autopsy 
is  made  soon  after  the  introduction. 

On  the  other  hand,  the  chemist's  unsupported  evidence  is 
not  yet  sufficient  to  demonstrate  administration  during  life. 

The  EFFECTS  which  arsenic  is  said  to  produce  during  life, 
resulting  in  a  petechial  reddening  of  the  gastric  mucous  mem- 
brane and  the  formation  of  thrombi  in  the  arterioles  and  capil- 
laries (see  pages  493-496)  are  appearances  deserving  of  careful 
study.  Should  the  microscopical  appearances  described  on 
pp.  486-488  be  shown  to  be  constantly  produced  by  arsenic  and 
not  by  disease,  the  evidence  of  the  pathologist  will  have  much 
greater  weight  in  the  determination  of  the  ante-  or  post-mortem 
origin  of  the  poison  than  that  of  the  chemist. 

POISONING  BT  ARSENICAL  GREENS. 

Among  the  arsenical  compounds,  the  arsenical  greens, 
Scheele's  green  and  Schweinfurth  or  Paris  green,  are  second  in 
forensic  interest  to  the  trioxid;  and  of  the  two  the  latter  is  by 
far  the  more  important. 

Scheele's  Green. — Cupric  arsenite — CuHAsOj — is  a  pale- 
green  powder,  made  by  precipitating  a  solution  of  potassium 
arsenite  with  one  of  cupric  sulfate.  It  dissolves  readily  in 
potassium  hydroxid  solution,  but  is  decomposed  into  a  mixture 
of  arsenate,  arsenite,  cuprous  oxid,  and  cupric  oxid  when  the 
liquid  is  heated.  It  is  also  soluble  in  ammonium  hydroxid. 
The  commercial  Scheele's  green  is  usually  a  mixture  of  cupric 
arsenite  and  hydroxid.  It  is  only  used  to  a  limited  extent  as  a 
pigment. 

IV.— .37 
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Paris  Green — Schweinfurth  green,  emerald  green,  mitis  green, 
mineral  green,  etc. — is  cupric  aceto-metarsenite,  having  the 
formula  (C2H302)2Cu  +  3Cu  (As02)2;  mol.  weight  =  1014.4, 
and  containing  therefore  25.07  per  cent,  of  copper  (  =  31.36% 
CuO),  and  44.36  per  cent,  ef  arsenic  (  =  58.55  per  cent.  AS2O3). 
It  is  a  bright-green,  crystalline  powder,  insoluble  in  water,  but  de- 
composed by  prolonged  boiling.  It  is  readily  attacked  by 
alkaline  solutions,  with  separation  of  cupric  hydroxid,  which,  on 
boiling,  is  converted  into  cupric  oxid,  and  then  reduced  to 
cuprous  oxid,  the  solution  then  containing  an  alkaline  arsenite. 
Mineral  acids  and  strong  acetic  acid  decompose  it  completely, 
removing  all  of  the  copper  and  liberating  arsenious  acid. 

Paris  green  is  extensively  used  as  a  pigment,  in  the  manu- 
facture of  artificial  flowers,  of  wall  papers,  etc.,  and  in  the 
United  States,  where  the  name  "Paris  green"  is  local,^  it  is 
probably  the  most  widely  known  poison  for  the  destruction  of 
potato  bugs  and  other  insect  pests. 

Cupric  Arsenate— [Cu2(HAs04) 2  or  CuHAs04  =  31.13  per 
cent.  Cu  and  36.91  per  cent.  As.  ?] — is  said  by  Bergeron,  De- 
lens,  and  rH6te^  to  exist  in  the  vert  de  Mittis  used  in  France, 
accompanied  by  barium  sulfate  and  sodium  arsenate. 

Poisonings  by  Paris  green  are  of  much  more  frequent  occur- 
rence in  the  United  States  than  elsewhere,  and  are  chiefly  sui- 
cidal or  accidental. 

Homicides  by  Paris  green  are  also  practically  limited  to  this 
country.  We  can  find  reference  to  but  one  case  in  England, 
which  was  a  conviction  for  manslaughter  by  criminal  negligence 
in  1848.2 

It  is  true  that  a  perusal  of  American  medical  literature  does 
not  indicate  a  greater  frequency  of  criminal  poisonings  by  this 
agent  in  this  country,  as  we  find  reference  to  only  one  such 
case,  in  which  a  father  was  accused  of  an  attempt  to  poison  his 
three-and-a-half-year-old  child  by  Paris  green  given  in  water.* 
From  other  sources,  however,  we  have  knowledge  of  no  less  than 
twenty-five  cases  of  homicidal  poisonings,  or  attempts  at  such, 

'  Vert   de   Paris,  or  Pariser  griin,  See  Bryant:  Prov.  M.  and  S.  Jour., 

IS  an  anilin  color.  1S4S,  374;  and  Taylor:  "  Med.  Jur.," 

'  Ann.  d'hyg.,  etc.,  1880,  3  s.,  iii.,  11th  Am.  ed.,  135. 

"^^i  *  The  Higbee  case.     Mayer:  Am. 

Reg.    r.  Franklin  and   Randall.  Pract.  and  News,  1891,  n.s.,xii., 354. 
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during  the  years   1879-93,   of  which   thirteen   occurred  in  the 
State  of  New  York: 

In  1879  a  young  man  in  Westchester  county  attempted  to  poison 
two  brothers  by  putting  Paris  green  into  their  tea  cups.  At  Malone  in 
1880  a  young  woman  was  charged  with  attempting  to  poison  another 
with  repeated  small  doses  of  Paris  green  in  coffee.  In  1881  Harriet 
Stone  was  tried  in  Essex  county  for  the  murder  of  an  infant  child  with 
Paris  green,  and  was  acquitted.  In  1881  a  woman  in  New  York  city 
accused  her  husband  with  attempting  to  poison  her  with  Paris  green  in 
porter.  In  1882  a  woman  in  Dutchess  county  was  accused  of  having 
poisoned  her  husband  with  Paris  green.  In  1884  Annie  Stewart  was 
indicted  in  Orange  county  for  assault  in  the  second  degree  for  an  at- 
tempt to  poison  by  Paris  green.  In  1885  at  Batavia  a  man  attempted 
to  poison  himself  and  family  with  Paris  green  in  coffee.  In  New  York 
city  in  1885  a  coroner's  jury  found  that  "Herman  Lessman  died  of 
Paris  green  administered  by  some  person  other  tlian  himself,  and  that 
suspicion  rests  strongly  on  his  widow,  Johanna  L."  (May  18th,  1885). 
In  the  same  year  a  woman  in  Brooklyn  was  forced  to  take  Paris  green 
and  was  nearly  smothered  by  her  husband.  A  large  quantity  of  the 
poison  was  pumped  from  her  stomach  and  she  recovered.  In  New 
York  city,  in  1888,  a  young  Russian  Jewess  attempted  to  destroy  a  fam- 
ily by  sprinkHng  Paris  green  upon  fish.  In  New  York  city  in  1890  a 
man  attempted  to  destroy  himself  and  his  wife  and  children  with  Paris 
green  in  coffee.  In  1893  two  women  in  Queens  county  were  accused 
of  attempting  to  poison  their  servant  with  Paris  green  in  coffee.  In 
the  same  year  a  man  in  Richmond  county  confessed  to  an  attempt  to 
poison  another  by  putting  Paris  green  into  his  dinner  pail. 

Of  the  cases  in  other  parts  of  the  country  the  following  deserve 
mention  with  regard  to  methods  of  administration:  In  one  a  woman 
attempted  to  kill  her  husband  by  Paris  green  in  a  pie ;  in  another  the 
poison  was  scattered  upon  the  food  intended  for  a  party  of  workmen; 
in  another  it  was  mixed  with  spices  and  food  articles  by  a  discharged 
negress  previous  to  her  departure;  in  another  it  was  thrown  into  a 
well;  in  two  cases  mixed  in  coffee;  in  one  case  in  whiskey;  in  one  the 
administration  was  forcible;  and  in  one  figs  were  cut  open,  lined  with 
Paris  green  and  sentby  mail  to  the  intended  victim. 

A  homicidal  case  was  the  subject  of  investigation  in  France 
in  1878,'  in  which  the  death  of  a  girl  of  seventeen  years  was 
caused  by  vert  de  mittis,  containing  cupric  and  sodium  arsenate. 
Another  homicidal  case  is  reported  from  Germany  in  1880,  in 

'  Affaire  Gaudot:    Bergeron,  Delens,  and  I'Hote:  Loc.  cit. 
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which  a  man  was  tried  for  poisoning  his  wife  with  Schweinfurth 
green. ' 

Among  Fagerlund's  nine  cases  of  poisoning  by  arsenical 
greens  is  one  in  which  a  woman  was  murdered  by  her  husband; 
three  in  which  illegitimate  children  were  destroyed  by  their 
mothers;  and  one  of  a  woman  who  died,  having  probably  taken 
the  poison  to  cause  abortion.^ 

Lesser^  reports  a  fatal  poisoning  by  Schweinfurth  green 
administered  to  cause  abortion. 

Suicides  by  Paris  green  are  of  very  exceptional  occurrence 
in  Europe,  but  are  yery  common  in  the  United  States.  In  New 
York  city  in  the  years  18671-880,  of  604  suicides  by  poison  230 
(38  per  cent.)  were  by  Paris  green. 

Accidental  poisonings  by  the  arsenical  greens  have  been 
due  to  a  variety  of  causes:  1.  By  the  use  of  the  pigment  as  an 
insect  poison.*  2.  By  its  use  to  color  articles  of  confectionery.' 
3.  From  children  sucking  green  paint  or  articles  colored  there- 
with.^ 4.  From  wearing  -articles  of  dress  colored  with  arsenical 
greens.'  5.  By  drinking  wine,  the  bottles  containing  which 
were  sealed  with  arsenical  green  sealing-wax.*  6.  As  the  results 
of  absorption  or  inhalation  in  industries  in  which  the  arsenical 


'  Casper- Liman:  "Handb.  d.  ger.  arznk.,    1859,    Ixxviii.,  231.    Jack- 

Med.,"  ii.,  433.  son:  Boston  M.  and  S.  Jour.,  1861, 

2  Vrtljsohr.  f.  ger.Med.,  1894,  3F.,  Ixiv.,      121.     v.     Linprun:     Aerztl. 

viii.,  287.     Suplh.,  67.  Int.   Bl.,   Munchen,   1869,  xvi.,  81. 

'Ibid.,  1897,  3  F.,  xiv.,  287.  Risley:  Proc.  Conn.  M.  Soc,  1868- 

*  Badger:  Med.  Rec,  N.  Y.,  1878,  71,    2  s.,  iii.,  293.     Traill:  Monthly 

xiv.,  194.     Wilson:  M.  and  S.  Reptr.,  J.  M.  Sc,  1851,  xiii.,  1.     Siebenhaar: 

Phila.,   1878,  xxxix.,   107.     Morrill:  Ztschr.  f.  Staatsarznk.,  1844,  xlvii., 

Boston  M.  and  S.  Jour.,  1890,  cxxii.,  188.     Schneider:    Ibid.,    1846,    Iii., 

398;  all  non-fatal.  475;  eight  deaths. 

■*  Fergus:    tancet,    1849,    i.,    191.  'Image:     Practitioner,     London, 

Lancet,  1849,  i.,  219.    Bryant:  Loc.  1880,    xsiv.,    110    (Case   II.).  Inn- 

cit.     Taylor:     Guy's     Hosp.     Rep.,  hauser:     Oest.     Ztschr.     f.     prakt. 

1850-51,    2-  s.,    vii.,    218.     Bulley:  Heilk.,     1871,     xvii.,     17.     Casper- 

Med.  Times,  1848-4!)  xix.,  507;  two  Liman:  Op.  cit.,  ii.,  415,  417  (two 

deaths.     London  M.  Gaz.,  1848,  xli.,  cases).     Riedel:   BerL  kl.   Wochea- 

1095;  one  death.  schr.,  1870,  vii.,  471.     Med.  Pr.  and 

"Metcalfe:  Lancet,  1S60,  ii.,  535.  Circ,  London,  1S71,  xi.,  55;     Whar- 

Rose:  Lancet,  1859,  i.,  237.     Schu-  ton  andStill^:  "  Med.  Jur.,"  5th.ed., 

macher:  Friedreich's  Bl.  f.  ser.  Med.,  ii.,    214.     Lauterbach:   Wien.   med. 

1868,  xix.,  205.     Arnold:  M.  and  S.  Wchnschr.,    1897,    xlvii.,    1339;  no 

Reporter,       1S78,      xx.xviii.,       339.  deaths.     Muller:     Wien.     med. 

Em.smann:  J.  d.  prakt.  Heilk.,  1841,  Wchnschr.,  1860,  x.,  324. 
xcm.,  134.     Grohe  u.  Mosler:  Arch.  '  Artus:  Vrtljschr.  f.  techn.  Chem., 

f.   path.    Anat.,   etc.,    ISO.-),   xxxiv.,  1867. 
208.     Niemann:  Ztschr.    f.    Staats- 
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greens  are  manufactured  or  used.'  7.  As  a  consequence  of  in- 
habiting rooms  the  waUs  of  which  have  been  papered  or  painted 
with  materials  containing  arsenic. 

Concerning  the  last-named  source  of  accidental  arsenical 
poisoning  there  has  been  in  the  past  some  little  discussion.-  But 
the  great  number  of  authentic  cases  in  which  chronic  arsenical 
poisoning,  with  peripheral  neuritis  and  skin  manifestations,  and 
even  causing  death,  which  have  occurred  in  persons  inhabiting 
apartments  whose  walls  were  covered  with  arsenical  paints  or 
papers,  the  patient  recovering  when  removed  from  the  contami- 
nated atmosphere,  leave  no  room  for  doubting  the  relation  of 
effect  to  cause,^  particularly  as  arsenic  was  found  in  the  urine 
in  many  of  these  cases.*  In  the  Otto  case'  six  children  out  of 
eleven  died  during  a  period  of  seven  years  under  circumstances 
which,  until  investigation  demonstrated  the  error,  caused  wall- 
paper poisoning  to  be  mistaken  for  criminal  poisoning  by 
phosphorus. 


'  Farrar:  Brit.  M.  Jour.,  1877,  i.,  8. 
Roussin:  Ann.  d'hyg.,  etc.,  1867,  2  s., 
xxviii.,  179.  Gailletan:  Lyon  m6d., 
1869,  ii.,  543.  Ferrand:  Union 
m^d.,  1872,  3  s.,  xiv.,  797.  Gabourg: 
Union  m^d.  du  Canada,  1879,  viii., 
394.  Isambert:  Lancet,  1872,  ii., 
854.  Griswold:  N.  Y.  J.  M.,  1858, 
3  s.,  v.,  64.  Guy:  Arch,  of  M., 
London,  1857-59,  i.,  86.  Hassall: 
Lancet,  1860,  ii.,  535  (two  cases). 
Coote:  Lancet,  1863,  ii.,  190;  four 
deaths. 

^  The  question  will  be  found  fully 
discussed  in  House  Doc.  No.  417, 
1886,  in  Senate  Doc.  No.  215,  1891, 
Massachusetts,  and  in  a  paper  by 
Prof.  E.  S.  Wood  in  the  5th  Rept. 
Mass.  State  Board  of  Health,  etc., 
Suppl.  1884,  213-267.  The  legis- 
lation then  sought  for  was  subse- 
quently obtained  in  Chap.  325, 
Acts  of  1900,  which  makes  the  man- 
ufacture or  sale  of  wall-paper  con- 
taining more  than  0 . 1  grain  of 
arsenic  per  sq.  yd.  (0 .  0077  gm.  per 
sq.  metre),  or  of  dress  goods  con- 
taining more  than  0.01  grain  per 
sq.  yd.  (0.0008  gm.  per  sq.  metre), 
punishable  by  a  fine  of  from  $50 
to  $500.  The  only  comparatively 
recent  writer  who  maintained  the 
contrary  opinion  is  Pellew:  Hamilton 


and  Godkin,  "Leg.  Med.,"  etc., 
1894,  ii.,  388. 

^  See  papers  referred  to  in  the 
previous  note,  and  Whitehead: 
Brit.  Med.  J.,  1858,  804.  Lorinser: 
Wien.  med.  Wchnschr.,  1859,  ix., 
689,  707.  MuUer:  Ibid.,  1860,  x., 
277,  292,  308,  324.  Kanzow:  Deut. 
Klin.,  1861,  xiii.,  261,  299,  319. 
Thomas:  Lancet,  1861,  ii.,  361. 
Taylor:  Ibid.,  1864,  ii.,  124.  Kirsch- 
gasser:  Vrtljschr.  f.  ger.  Med., 
1868,  n.  F.,  ix.,  96.  Hicks:  Lancet, 
1870,  ii.,  356.  Kedzie:  Rept.  Bd. 
of  Health,  Mich.,  1873,  i.,  60. 
Hodges:  San.  Record,  1876,  iv., 
277.  Brown:  Boston  M.  and  S.  J., 
1876,  xciv,  529.  Dyer:  Rep.  Bd.  of 
Health,  R.  I.,  1879,  i.,  81.  Brun- 
ton:  Brit.  M.  J.,  1883,  i.,  1318. 
Stevenson:  Ibid.,  1220.  Leffmann: 
Polyclin.,  Phila.,  1883-4,  i.,  41. 
Freer:  Brit.  M.  J.,  1885,  i.,  1246. 
Chadwick:  Bost.  M.  and  S.  J.,  1S74, 
Ixxxix.,  320;  1887,  cxvi.,  129. 
Putnam:  Ibid.,  1889,  cxx.,  235. 
Swift:  Ibid.,  1891,  cxxiv.,  185. 
Hills:  Ibid.,  1894,  cxxxl.,  453. 
Shattuck:  Med.  News,  1893,  Ixii., 
589. 

*  See  authors  quoted  above  and 
on  p.  564. 

'  Rossbach:  "Tod.  d.  arsen.  Tapet. 
Oder  Verg.  mit  Phos.,"  Jena,  1890. 
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Not  only  green  papers,  but  red,  pink,  blue,  and  brown  pig- 
ments may  also  be  arsenical.  The  color  of  the  paper  is  no  indi- 
cation of  its  arsenical  content.  The  quantity  of  arsenic  trioxid 
which  may  be  extracted  from  these  papers  varies  from  a  mere 
trace  to  as  much  as  forty  grains  to  the  square  foot  (27.6  gm.  per 
sq.  metre).  Nor  does  the  guarantee  of  the  manufacturer  afford 
security.  »  Harrington'  showed  that  eight  samples  of  paper, 
guaranteed  by  the  certificate  of  a  prominent  English  chemist  to 
be  "non-arsenical,"  all  contained  arsenic,  one  to  the  extent  of 
4 . 7  grains  per  square  yard. 

The  poison  can  find  its  way  from  the  wall  to  the  system  of  the 
inhabitant  in  one  of  two  ways:  either  by  mechanical  detachment 
of  minute  particles  which  float  in  the  dust  of  the  room  or  by  the 
generation  of  a  volatile  or  gaseous  compound  of  arsenic.  That 
particles  of  the  pigment  become  detached,  particularly  when  the 
paper  is  new  and  when  its  surface  is  rough,  cannot  be  questioned. 
But  poisoning  has  also  been  observed  and  arsenic  has  been  de- 
tected in  the  air  of  rooms  which  have  been  papered  with  arsenical 
paper  for  twenty-five  and  thirty  years,  and  in  which  the  first 
paper  was  covered  by  a  second  containing  no  arsenic,  as  well  as 
in  rooms  in  which  the  walls  were  painted  with  an  arsenical  pig- 
ment. As  early  as  1839  Gmelin^  noted  that  the  air  in  rooms 
papered  with  arsenical  coverings  contained  volatile  deleterious 
arsenical  compounds  having  a  garlic-like  odor.  The  experi- 
mental results  also  of  Fabian,^  Miiller,*  Kletzinski,'  Hamberg," 
Fleck,'  Sonnenschein,'  and  Bischoff^  prove  conclusivelj'  that  an 
aeriform  arsenical  compound  is  given  off  from  paints  and  papers 
containing  arsenic,  particularly  when  the  walls  are  damp  and  the 
paste  becomes  mouldy.  The  first  substance  which  suggested 
itself  as  the  toxic  agent  in  these  cases  was  hydrogen  arsenid,  and 
the  supposition  of  Fleck,"  Selmi"  and  Bischoff'^  that  hydrogen 

'Boston    M.    and    S.    J.,     18S8,  s'-jjandb.   d.   gerichtl.   Chemie," 

cxviii.,  215.  1869,  153. 

=  Ann.  d.  Staatsarzneik.,  1845,  x.,  "  Repert.  f.  an.  Chem.,  1SS3,  iii., 

412.     Carlsruher  Ztg.,  Nov.,  1839.  310.     Vrtljschr.  f.  ger.  Med.,   1882, 

'  Arch,  der  Pharna.,  1860,  ix.,  433.  n.  F.,  xxxvii,  163. 

'  Wien.  med.  Wchnschr.,  1860,  X.,  ^^  Loc.   cit.,   and   Ztsohr.  t.   Hiol 

277,  292,  308,  324.  1872,  viii.,  444. 

'  Ibid.,  1859,  ix.,  43.  "  Berichte,  Berl.,  1874,  vii.,  1642 

"Pharm.     J.     and    Tr.,     London,  >=  Vrtlischr.   f.    ger.    Med.,   1882, 

1874,  3  s.,  v.,  81.  n!  F.,  xxivii.,  163. 

'  Vrtljschr,     f.    ger.    Med.,    1873, 
n.  F.,  xviii.,  391. 
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arsenid  is  produced  by  the  reducing  action  of  the  nascent  hydro- 
gen formed  by  the  growth  of  the  mould  organisms  upon  the 
arsenic  trioxid,  which  always  exists  in  arsenical  greens  and 
yellows,  was  quite  plausible.  In  wall-paper  poisoning,  even  in 
severe  cases,  however,  two  of  the  prominent  symptoms  of  hydro- 
gen arsenid  poisoning,  jaundice,  and  hffimoglobinuria,  are  con- 
spicuous by  their  absence.  Moreover,  as  Gmelin^  pointed  out, 
it  cannot  be  hydrogen  arsenid,  as  that  gas  has  a  much  fainter 
odor  and  much  higher  toxicity  than  the  gaseous  emanation  from 
wall  papers,  which  must  be  an  organic  compound  of  arsenic. 
The  views  of  Gmelin  have  been  verified  by  recent  discoveries. 
Gosio^  found  that  common  moulds  growing  in  presence  of  arseni- 
cal compounds  evolve  a  volatile  substance  containing  arsenic, 
and  having  a  pronounced  garlic-like  odor.  The  action  of 
Penicillium  brevicaule  was  found  to  be  more  pronounced  in  this 
regard  than  that  of  other  moulds,  and  Gosio  has  based  upon 
it  a  test  for  the  presence  of  arsenic,  which  is  claimed  by  some 
to  be  more  delicate  than  the  chemical  tests. ^  Many  other 
moulds,  however,  behave  similarly,  e.  g.,  Mucor  mucedo,  Penicil- 
lium glaucum,  Aspergillus  vivens,  etc.,  and  Schmidf  has  given  a 
list  of  thirteen  varieties  of  mould  which  are  active  in  this  manner 
when  grown  upon  sour  paste.  The  discoveries  of  Gosio  have 
been  verified  by  Abba,^  Sanger,^  Morpurgo  and  Brunner,' 
Schmidt,*  Baumert,'  Bode,'"  Abel  and  Buttenberg,'' Scholtz,'^ 
and  Maasen.'^  Biginelli,"  by  passing  the  gaseous  product  of  P. 
brevicaule  into  a  solution  of  mercuric  chlorid,  obtained  a  crystalline 
body  having  the  composition  HAs  :  (€2115)2  4- HgCU,  and  con- 
sequently the  volatile  substance  is  diethylarsin:  HAs  :  (02115)2. 
His  results  were  confirmed  by  Maasen.'^  Gosio  believed  that  he 
had  demonstrated  the  poisonous  action  of  the  product  of  P. 
brevicaule  upon  mice.     But  in  his  experiments  the  death  of  the 

'  Loc.  cit.  s  Loc.  cit. 

'  Arch.  ital.  de  Biol.,  1892,  xviii.,  »  Ztschr.     f.     Wissensoh.,      1898, 

253;    Berichte,    Berl.,    1896,    xxix.,  Ixxi.,  457. 

2728;  1897,  xxx.,  1024.  "  Ibid.,  p.  460. 

"  See  p.  620.  '■  Ztschr.    f.    Hyg.,    1899,    xxxii., 

"  Diss.  Erlangen,  1900.  449. 

=  Bakt.  Centbl.,  2te  Abt.,  1898,  iv.,  '^  ggj-j     yi^     Wchnschr.,     1899, 

806;    Berichte,    Berl.,    1893,    xxvi.,  xxxvi.,  913. 

831.  '^Arb.  d.  kais.  Gesundheitsamts, 

"Proc.  Amer.  Ac.  Arts  and   Sc,  1902,  xviii.,  475. 

1894,  xxix.,  112.  "  Atti     R.     Acoad.     dei     Lincei, 

'  Oesterr.  Chemiker  Ztg.,  1898,  n.  1900,  [5],  9,  ii.,  210,  242. 

F.  i.,  167.  >5  ^o(,_  cit. 
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animals  was  caused  rather  by  lack  of  oxygen  in  an  atmosphere 
rich  in  carbon  dioxid  than  by  arsenical  poisoning.  On  the  other 
hand,  Abel  and  Buttenberg'  and  Hausmann^  have  failed  to  cause 
the  death  of  mice  by  inhalation  of  this  vapor  largely  diluted  with 
air.  These  results  are,  however,  no  more  conclusive  than  those 
of  Gosio,  in  view  of  the  shoi't  duration  of  the  exposure  and  the 
high  dilution  of  the  gas.  Wall-paper  poisoning  is  only  developed 
after  weeks  or  months  of  exposure. 

The  symptoms  caused  by  Paris  green  when  taken  by  the 
mouth  do  not  differ  from  those  produced  by  arsenic  trioxid  under 
like  conditions,  except  for  the  green  color  of  the  vomit;  and  the 
post-mortem  appearances  are  also  the  same  except  for  the 
possible  presence  of  Paris  green  in  substance  in  the  stomach  in 
place  of  crystals  of  white  arsenic. 

On  analysis  of  the  stomach  contents  or  viscera  after  poison- 
ing by  Paris  green  the  quantities  of  arsenic  and  of  copper  found 
are  not  necessarily  in  the  same  proportion  as  that  in  which  they 
exist  in  Paris  green  (see  p.  578). 

POISONING  BY  SULFIDS  OF  ARSENIC. 

Arsenic  Trisulfid — Orpiment,  King's  yellow — AS2S3.— The 
native  trisulfid,  orpiment  or  AURiPiGiiENTCii,  was  known 
to  the  ancients  and  is  described  by  Dioscorides,  who  refers  to  its 
depilatory  power.  It  is  to  this  substance  that  the  name  apa-euiKov 
was  given,  and  the  red  sulfid,  realgar,  was  also  known,  under 
the  name  o-avSdpdKrj.  It  is  a  bright  golden-yellow  mineral.  The 
artificial  trisulfid  is  a  yellow  powder,  manufactured  for  use  as  a 
pigment,  king's  yellow.  Owing  to  the  presence  of  arsenic 
trioxid  in  the  artificial  powder  it  is  much  more  actively  poison- 
ous than  the  natural. ^  This  substance  constitutes  the  yellow 
precipitate  produced  by  hydrogen  sulfid  in  acid  solutions  of  the 
arsenious  compounds.  It  is  almost  insoluble  in  cold  water, 
but  sufficiently  soluble  in  hot  water  to  communicate  to  it  a  dis- 
tinct yellow  color.  By  continued  boiling  with  water  it  is  to 
some  extent  decomposed  into  hydrogen  sulfid  and  arsenious 
acid.     It  is  insoluble  in  dilute  hydrochloric   acid,   but  readily 

'  Loc.  cit.  'Kratter     ("  B  eit  riige,"  p.    2) 

-  Hofmeister's     Beitr.,     I'.KH,     v.,       found  sr,  to  '.'5%  AS.O3  in  Styrian 
397;  Ztschr.  f.  Hyg.,  1006,  liii.,  509.       artificial  trisulfid. 
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soluble  in  the  alkaline  hydroxids,  carbonates,  and  sulfids. 
Hence,  although  not  absorbed  from  the  stomach,  it  may  be 
from  the  intestine.  It  volatilizes  when  heated.  Oxidizing 
agents  convert  it  into  arsenic  and  sulfuric  acids. 

Arsenic  trisulfid  enters  into  the  composition  of  a  number  of 
depilatory  powders:  Pento-epilatoire  is  an  eight-per-cent.  solu- 
tion of  AS2S3  in  a  solution  of  sodium  sulfite;  Poudrc  pilivore  de 
Laforesb  contains  sixty  parts  mercury,  thirty  AsjSg,  thirty 
litharge,  and  thirty  starch;  rhusma  is  a  mixture  of  two  to  three 
parts  AS2S3  with  fifteen  parts  quicklime;  Ergen's  depilatory 
powder  gave  19.67  per  cent.  AsjSg  and  74.2  per  cent,  calcium 
hydroxid.  It  appears  to  contain  realgar  (AsjSj)  arsenic  trisulfid, 
and  calcium  arsenite  or  thioarsenite.  A  mixture  similar  to 
rhusma  was  formerly  used  by  tanners  for  a  like  purpose. 

Poisonings  by  King's  yellow  are  of  rare  occurrence.'  They 
are  sometimes  the  result  of  a  combination  of  fraud  and  accident, 
the  pigment  being  mistaken  for  some  other  yellow  powder,  such 
as  turmeric,  used  to  adulterate  food  articles.  In  the  Clifton 
case,  noted  by  Taylor,^  six  persons  were  severely  poisoned  by 
eating  "Bath  buns"  into  which  King's  yellow  had  been  put  in 
mistake  for  chrome  yellow.  Jochner^  reports  the  poisoning  of 
an  old  man  of  seventy  years  and  his  nephew  by  orpiment  mixed 
with  porridge  in  mistake  for  turmeric.  The  former  died  in 
nineteen  and  a  half  hours.  Other  cases  in  which  it  has  been 
put  into  food  by  mistake  are  reported  by  Devergie,''  Paterson,^ 
and  Crawford.'  Five  instances  are  upon  record  of  women  who 
have  been  killed  by  the  application  of  arsenic  trisulfid  by  quacks 
to  tumors  of  the  breast.'  Four  early  cases  of  homicidal  poison- 
ing by  arsenic  trisulfid  have  occurred:  Christison**  refers  to  a 
woman  having  been  tried  in  Glasgow  in  1822  for  the  murder  of  a 
child  by  King's  yellow,  and  to  another  instance  of  attempted 
homicide  by  the  same  poison  mixed  with  tea.     Chevallier"  re- 

'  They  occur  more  frequently  in  '  Rousset    and    Lepelletier:    Ann. 

Styria    and    other    localities  where  d'hyg.,  1834,  xi.,  459.     Manouvriez: 

arsenophagia  is  practised  than  else-  Gaz.  d.  hop.,  1881,  liv.,  331.     Chab- 

where.  enat    and    Leprince:     Ann.    d'hyg., 

^"Poisons,"  3d  Am.  ed.,  346.  1890,    3    s.,    xxiv.,    360.     Tardieu, 

'Ztschr.  f.  d.'Staatsarznk.,  1851,  Lorain     and     Roussin:     Tardieu 

43  Erghft.,  162.  "Emp.,"  26me  ed.,  460.     Lescoeur: 

*  M6d.   leg.,"   3eme  ed.,   iii.,   519.  Nord  m^d.,  1907,  xiii.,  193. 
In  mistake  for  brown  sugar.  »  "Poisons,"  Am.  ed.,  226. 

»  Monthly  J.  M.  Sc,  1846,  vi.,  184.  "  Ann.  d'hyg.,  1849,  xhi.,  448. 

*  Glasgow  M.  Jour.,  1856-57,  iv.,  4>t. 
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ports  the  poisoning  of  a  woman  of  twenty-six  years  by  her 
husband.  The  case  of  Reg.  v.  Burdock,  in  which  a  woman  was 
convicted  of  the  murder  of  another  by  King's  yellow,  which 
was  found  on  analysis  to  contain  seventy-nine  per  cent,  of  ar- 
senic trioxid,  is  reported  by  Symonds.'  A  more  recent  case  is 
that  reported  by  Krafft-Ebing^  of  an  insane  man  who  attempted 
to  poison  a  woman  with  "yellow  arsenic"  in  coffee.^  In  four 
instances  arsenic  trisulfid  appears  to  have  been  given  to  produce 
abortion.^ 

Arsenic  exists  in  nature  as  sulfids  combined  with  those  of 
iron  and  cobalt.  These  minerals  are  sometimes  used  in  the 
powdered  form  as  fly  poisons,  and  have  caused  accidental  poi- 
soning in  the  human  subject.  Thus  Schobbens'  has  reported 
two  cases,  one  fatal,  by  a  fly  poison  consisting  of  cobalt,  iron, 
arsenic,  and  sulfur,  from  the  mines  of  Tunaberg;  and  Berti' 
the  fatal  poisoning  of  a  woman  by  a  native  double  sulfid  of 
arsenic  and  cobalt. 

The  symptoms,  treatment,  and  post-mortem  appearances  are 
the  same  as  with  white  arsenic,  except  for  the  yellow  color  of 
the  trisulfid  in  the  vomit  and  stomach  contents.  In  exhumed 
bodies  arsenic  trisulfid  may  have  been  produced  from  the  tri- 
oxid. Kobert'  has  reported  a  case  in  which  white  arsenic  had 
evidently  been  converted  entirely  into  the  trisulfid  in  the  short 
period  of  twenty  days. 

POISONING  BY  ARSENIC  ACID  AND  ARSENATES. 

Poisonings  caused  by  arsenic  acid  (HjAsO^)  or  the  arse- 
nates taken  internally  are  of  very  exceptional  occurrence.  In- 
deed, we  find  but  two  cases  reported.  In  one  a  child  of  three  to 
four  years  died  in  nine  hours,  after  swallowing  an  unknown 
quantity  of  a  "pest  poison,"  found  upon  analysis  to  be  a  solution 

'  Tr.    Prov.    M.    and    S.    Assoc,  '  Kratter:  Vrtljschr.  f.  ger.  Med., 

1835,     iii.,     465.     See    also     Beck:  1902,  3  F.,  xxiii.,  7,  two  cases.    Hof- 

"  Med.  Jur.,"  12th  ed.,  ii.,  602.  mann,  quoting  Langer:  "  Ger.  Med.," 

^Friedreich's    Bl.    f.    ger.    Med.,  5te  .A^ufl.,  243,  two  cases.     Omitted 

1882,  xxxiii.,  319.  in  Kolenso,  9te  Aufl. 

"See  also  Fortier:  Gaz.  m.  d'Al-  '  .\nn.  Soc.  d.  m.  d'Anvers,  1846, 

g^rie,   1858,  iii.,   66.     Harvey:  Ind.  224,  229. 

M.  Gaz.,  Calcutta,   1879,  xiv.,   142.  "  Gaz.     med.     it.     prov.     A'enet., 

Chowdry:     Ibid.,     1881,    xvi.,    2S2.  1860,  iii.,  90. 

Landerer:   Arch.    d.   Pharm.,    1S82,  '  Aerztl.  Sachverst.  Ztg.,  1903,  ix., 

3  R.,  XX.,   56.     Majer:  Med.  Corr.-  369. 
Bl.  Wiirt.  A.-Ver.,  1849,  xix.,  55. 
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of  sodium  arsenate.  At  first  there  were  tliirst  and  nausea,  but 
no  vomiting  in  spite  of  the  administration  of  emetics,  nor  was 
there  pain  or  any  sign  of  gastric  trouble  except  during  the  first 
few  minutes.  The  child  became  deeply  comatose,  with  widely 
dilated  pupils,  and  died  from  paralysis  of  the  respiratory  cen- 
tres.' Tardieu^  reports  the  fatal  poisoning  of  a  young  woman 
by  sodium  arsenate  taken  in  mistake  for  Epsom  salt.  A  German 
case  is  reported^  of  an  unsuccessful  attempt  by  a  man  to  poison 
his  wife  with  a  native  arsenate  of  iron  ("  Kuttenberger  Erde"  = 
Eisensinter  =  Pittizite?),  used  as  a  fly  poison,  administered  in 
coffee. 

Barnett*  has  reported  a  number  of  poisonings  caused  by  the 
use  of  a  mixture  of  arsenic  and  nitric  acids  applied  with  a  swab 
several  times  daily,  by  a  "cancer  doctor."  Of  these  victims  a 
woman  of  forty-seven  years,  another  of  sixty  years,  and  a  man 
of  thirty-six  years  died. 

A  few  cases  of  non-fatal  arsenate  poisoning  have  been  caused 
by  contact  with  arsenical  anilin  dyes  or  with  fabrics  dyed  with 
them  (red-stocking  poisoning).^  Nowak"  ascribes  the  death  of  a 
young  man  to  eating  confectionery  colored  with  arsenical 
anilin  dyes. 

ORGANIC  COMPOUNDS  OF  ARSENIC. 

In  recent  years  several  organic  compounds  containing  arsenic  have 
been  extensively  used  in  medicine,  particularly  in  the  treatment  of 
skin  diseases,  trypanosomiasis  (sleeping  sickness),  syphilis,  and  tuber- 
culosis. Those  most  frequently  used  are  arsykodile,  arrhenal,  and 
atoxyl,  whose  toxicity  is  notably  smaller  than  that  of  the  mineral  arseni- 
cals.  Their  toxicological  interest  is  more  with  regard  to  their  elimi- 
nation and  analytical  behavior,  than  from  a  remote  possibility  of  their 
criminal  administration. 

Sodium  cacodylate — Sodium  dimethylarsinate — Arsykodile — (0113)2  :- 
As.O.ONa — has  been  administered  hypodermically  in  doses  of  2  gm. 

'Silliman:     Med.-leg.     Jour.,     N.  1874,    ii.,    643.     Hofmann  u.   Lud- 

Y.,  1883-84,  i.,  473.  wig:  Med.  Jahrb.,  Wien,  1877,  501. 

^"Empois,"  2eme  ed.,  412.  Lee:  Lancet,    1879,   i.,   856.     Gold- 

' Friedreich's  Bl.  f.  ger.  M.,  1862,  flam:   Ztschr.  f.  kl.  med.,  1888,  xiv., 

xiii.,  1  Hft.,  78.  374.     Tunnicliffe    and    Rosenheim: 

'Tr.  M.  Soc,  N.  Y.,  1858,  225.  Lancet,  1901,  i.,  1199. 

^Meeres:   Lancet,    1869,   ii.,    190.  "Wien.    med.    Wchnschr.,    1875, 

Whalley:  M.  Times  and  Gaz,,  1866,  xxv.,  170. 
ii.,     222.     Cheyne:     Brit.     M.     J., 
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(30  gr.)  without  harm.'  It  contains  46.85  per  cent,  of  arsenic  when 
anhydrous,  and  is  very  soluble  in  water.  It  produces  no  hydrogen 
arsenid  in  contact  with  nascent  hydrogen,  and  therefore  does  not  re- 
spond to  the  Marsh  test  unless  previously  decomposed  by  boiling  with 
concentrated  sulfuric  acid  for  six  hours;  nor  does  it  precipitate  with 
hydrogen  sulfid  unless  previously  decomposed  in  like  manner.  Ca- 
codylic  acid  and  the  cacodylates  are  not  acted  upon  by  oxidants  such 
as  nitric  acid,  or  hydrochloric  acid  and  potassium  chlorate. 

The  earlier  experimenters  with  the  cacodylates  considered  them  to 
be  inert,  even  in  very  large  doses.  ^  But  Lebahn,'  experimenting  with 
rabbits,  found  that  in  doses  of  0.422  gm.  in  eighteen  days,  0.22  gm.  in 
four  days,  or  0.25  gm.  at  one  time  caused  death  in  four  to  five  days, 
with  lesions  similar  to  those  caused  by  arsenic  trioxid.  Similar  results 
were  obtained  by  Shultz^  and  by  Rabuteau.^  According  to  Langlois 
and  Rachid,'  sodium  cacodylate,  administered  to  rabbits  by  the  mouth 
in  large  doses,  75  mgm.  (1.2  gr.)  daily,  causes  death  in  twenty-five  to 
thirty-five  days,  while  the  same  quantity,  or  even  100  mgm.  (1.5  gr.), 
administered  intravenously  produces  no  toxic  effects.  That  sodium 
cacodylate,  itself  inodorous,  is  decomposed  in  the  economy,  in  part  at 
least  to  cacodyl  oxid,  or  possibly'to  cacodyl,  is  shown  by  the  intense 
cacodylic  odor  of  the  breath,  urine,  perspiration,  and  intestinal  gases  of 
patients  to  whom  it  is  administered,  and  in  opening  the  cadavers  of 
animals  poisoned  by  it.' 

Moderate  doses  are  eliminated  by  the  urine  in  greater  part  un- 
changed, the  elimination  beginning  within  three  hours, .  and  being 
still  incomplete  in  twenty-eight  to  thirty  days ;  while  with  prolonged 
administration,  or  after  large  doses  a  small  part  appears  in  the  urine  as 
inorganic  arsenic,  which  then  also  appears  in  the  faeces.  In  experi- 
menting with  animals,  Dawes  and  Jackson  found  the  daily  elimination 
to  be  from  six  to  ten  per  cent. ;  that  the  liver,  muscle,  and  bone-mar- 
row contain  inorganic  arsenic;  and  that  elementary  arsenic  is  deposited 
in  the  tissues.' 


'  Bayeux:   Rev.  int.  de  m^d.  et  de  Simonesco:    Ibid.,    1901,    liii.,   789. 

chir.,  1906,  54.  Gautier:  C.  r.  Ac.  Sc,  1899,  cxxix., 

"  Bunsen:  Fogg.  Ann.,  1837,  xlii.,  930. 

152;  (and  Kurschner);  Liebig's  Ann.  'Renz:  Deut.  Arch.  f.  kl.  Med., 

1843,  xlvi,,  1;  Ann.  de  chim.  et  de  1865,  i.,  235.     Schulz:  loc.  cit. 

phys.,  1843,  3  s.,  viii.,  358.     Schmidt  «  Imbert  and  Badel:  C.  r.  Ac.  Sc, 

and    Chouse:    Moleschott's    Unt.    z.  1900,  cxxx.,  581.     Heffter:  Arch.  f. 

Naturl.,  1861,  vi.,  122.  exp.    P.    u.    P.,     1901,    xlvi.,    230. 

'  Diss.,  Rostock,  1868.  Dawes  and  Jackson:  J.  Am.  M.  Ass., 

•  Arch.  f.  exp.  P.  u.  P.,  1S70,  xi.,  1907,     xlviii.,      2090.     Di     Mattei: 

131-  Giorn.  di  med.  leg.,   1903,  x.,  271. 

'C.  r.  Soc.   de  bid.,   lSs2,   7  s.,  Mounevrat:    C.    r.    Ac.    Sc,    1903, 

IV.,  491.  cxxxvi.,  696,  832. 

^Ihid.,    1900,   Hi.,   382.     See   also 
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Lafon'  has  reported  a  mild  case  of  poisoning  from  the  medicinal 
use  of  sodium  cacodylate,  in  which  there  were  oedema  of  the  lids,  nausea, 
gastric  pain,  dryness  of  the  throat,  great  thirst,  and  pains  in  the  head 
and  limbs. 

Cacodylates  may  be  extracted  from  the  tissues  by  Vitali's  method  •? 
The  materials  are  evaporated  to  dryness,  after  addition  of  water  and 
tartaric  acid,  the  residue  is  extracted  with  ninety  per  cent,  alcohol, 
the  alcohol  is  distilled  from  the  filtered  liquid,  and  the  tests  applied  to 
the  watery  residue.  Or  the  dried  material  may  be  extracted  with 
chloroform  and  enough  alcohol  to  dissolve  the  chloroform.  To  the  liquid 
extracts,  separated  after  agitation,  water  is  added  to  separation  of  the 
chloroform,  which  on  evaporation  leaves  the  cacodylate.  The  process 
of  Di  Mattel'  is  more  circuitous:  Extract  the  pulped  organs  with  water 
alkalized  with  sodium  hydroxid  at  room  temperature  twelve  hours, 
and  at  80  to  90°  a  few  minutes,  express  hot,  filter  cold,  repeat  extrac- 
tion twice,  add  HgClj  to  complete  precipitation,  filter,  evaporate  slowly 
to  dryness,  dissolve  residue  in  water,  filter,  add  alcohol  to  complete 
precipitation,  filter,  distil  and  evaporate  to  dryness,  dissolve  residue  in 
water,  filter,  treat  solution  with  H^S,  filter,  precipitate  with  neutral 
lead  acetate  (lead  thiocacodylate),  collect  precipitate  and  decompose 
with  sulfuric  acid,  filter,  remove  excess  of  sulfuric  acid  with  barium 
chlorid,  evaporate  filtrate  to  dryness,  dissolve  in  dilute  alcohol,  filter 
and  evaporate;  the  residue  consists  of  cacodylic  acid.  The  arsenic  of 
the  cacodylates  is  not  extracted  by  the  Fresenius  and  v.  Babo  method. 
The  cacodylates  when  heated  with  powdered  magnesium  give  off  the 
alliaceous  odor  of  cacodyle  oxid,  and  the  black  residue,  moistened  with 
hydrochloric  acid,  gives  off  a  gas  which  darkens  ammoniacal  silver 
nitrate  paper.  In  the  Marsh  no  mirror  is  produced,  but  a  white  cloud 
forms  in  the  generator,  there  are  slight  explosions  in  the  tube,  and  the 
escaping  hydrogen  darkens  silver  nitrate.  They  respond  to  the  Gosio 
reaction.'' 

For  quantitative  determination  the  substance  is  decomposed  by 
heating  with  a  mixture  of  sulfuric  acid  and  potassium  sulfate  (1  gm. 
to  5  c.c.)  and  a  little  potassium  permanganate;  the  liquid  is  diluted 
with  water,  nearly  neutralized  with  ammonia,  and  treated  with  hydro- 
gen sulfid.*  The  arsenic  is  determined  by  one  of  the  usual  methods." 
AsX2.134=(CH3)3:As.O.ONa. 

Mercury  cacodylate' — [(CHg)^  :  As.O.OJjHg — containing   15.81  per 

'  Gaz.     hebd.     de     so.     med.     de  ."  D'Emilio:     Boll.     chim.     farm., 

Bordeaux,  1903,  xxiv.,  273.  1002,  xli.,  633. 

"Boll.    chim.    farm.,     1901,     xL,  "  See  pp.  623  ef  seg. 

657;  1903,  xlii.,  641.  '  Vayas:  C.  r.  Soc.  de  bid.,  1900, 

^Loc.cit.  lii.,   493.     Ciuffo:   Rif.   med.,    1903, 

*  See  under  "Arrhenal,"  below.  xix.,  61. 


590  TOXICOLOGY WITTHAUS. 

cent.  As  and  42 .  18  per  cent.  Hg,  as  well  as  another  mercury  com- 
pound having  the  composition  (CHjjj  ;  As.O.ON2Hg3'  are  used  in  the 
treatment  of  syphilis. 

Arrhenal,  or  neo-arsykodile,  or  arsynal,  is  the  sodium  salt  of  mono- 
methylarsenic  acid,  CH3.  AsO.  (ONa)2+6Aq.  It  contains  25.68  per 
cent.  As  when  crystallized.  LeRoy  des  Barres^  has  reported  the 
case  of  a  man  in  whom  vomiting  and  diarrhoea  were  produced  by  his 
swallowing  a  "bottleful,"  estimated  at  1  gm.  (1.5  gr.)  of  arrhenal, 
but  no  epigastric  pain.^  Histogenal  is  a  mixture  of  sodium  methyl- 
arsenate  and  nucleic  acid.* 

Arrhenal  with  Bougault's  reagent^  produces  a  white  cloudiness, 
changing  to  red,  then  to  yellow.  On  heating,  the  liquid  is  colored  gray 
and  deposits  a  brown  precipitate.  With  this  reagent  the  cacodylates 
slowly  become  milky,  and  after  twelve  to  eighteen  hours  deposit  a 
yellow  precipitate,  while  irritating  vapors  are  liberated.  On  heating, 
the  cloudiness  and  odor  are  produced  immediately,  and  a  red-brown 
sublimate  is  formed. 

When  warmed  with  Bettendorff 's  reagent"  arrhenal  forms  a  white 
sublimate,  later  becoming  yellow,  but  produces  no  odor.  Under  like 
treatment  the  cacodylates  gi^-e  off  white  fumes,  having  an  alliaceous 
odor. 

Solutions  of  arrhenal,  mixed  with  10  volumes  of  sodium  hypo- 
phosphite  solution,'  and  kept  in  closed  vessels,  deposit  arsenic  imme- 
diately, but  develop  no  odor.  Under  like  treatment,  cacodylates  only 
deposit  arsenic  if  present  in  large  amount,  but  after  several  hours  de- 
velop the  cacodyl  odor. 

Arrhenal  is  quantitatively  determined  by  the  same  method  as  so- 
dium cacodylate.     AsX2.4546=CH3.  AsO  :  (OXa),. 

Atoxyl  is  the  sodium  salt  of  para-amidophenyl  arsenic  acid,  H,N.- 
CeH^.AsO  :(OH)(ONa),  crystallizing  with  3.4  and  .5  Aq.,  containing 
when  anhydrous  31.36  per  cent.  As,  less  than  one-half  the  arsenic- 
content  of  AsjOj  (7.5 . 7.5  per  cent.) ;  formed  by  the  action  of  arsenic  acid 
upon  anilin,  and  soluble  in  water.' 

'  Jullien      and      Berlioz:      Xoviv.  =  J.  de  pharm.  et  de  chim.,  1903, 

Remedes,  1903,  xix.,  223.  6    s.,    xvii.,    97.     Two   gm.   sodium 

2  Arch.    g6n.    de    m^d.,    1903,    i.,  peroxid,  20   c.c.    hydrochloric  acid. 

1635.  (1.17),  1  c.c.  water. 

'For   properties    of    arrhenal  see  *  See  p.  620. 

Pharm.     Jahresb.,      1902,     xxxvii.,  '  Dissolve  20  gm.   sodium  hypo- 

244.     Falheres:  J.  de  pharm.  et  de  phosphite  in  20  c.c.  water,  add  200 

chim.,  1902,  6  s.,  xi.,  466.     Adrian  c.c.    hydrochloric   acid   (1.17),  and 

and    Tnllat:    C.    r.    Ac.    Sc,    1902,  filter  through  glass-wool. 

cxxxiv.,  1231.     Astruc:/6i;(i.,p.660.  '    « Ehrlich     and     Bertheim:    Med. 

Fuchs:     Wien.     klin.     Rundschau,  Klin.,     1907     iii.      129S.     Berichte, 

1903,  xviii.,  508.  Berl.,    1907,'  xl.,'  3292.     Beehamp: 

Mouneyrat:   C.  r.  Soc.  de  biol.,  C.  r.  .\c.  sc,  1863,  Ivi,  1172. 
1902,  liv.,  314.  .  .       ' 
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Its  toxicity  is  intermediate  between  that  of  the  inorganic  arsenicals 
and  that  of  the  cacodylates,  being  about  forty  times  less  intense  than 
is  indicated  by  its  arsenic-content.'  When  taken  by  the  mouth  it  is 
decomposed  by  the  acid  gastric  contents.^  It  is  therefore  adminis- 
tered hypodermically  in  doses  of  about  0.5  gm.  (8  gr.).  In  solution 
it  is  also  decomposed  by  light,  and  its  toxicity  thereby  increased.' 
It  was  supposed  by  some,  at  the  time  that  it  was  considered  to  be  an 
anilid  (CjHj.NHAsOj),  that  the  retention  of  urine  and  strangury 
which  it  sometimes  produces  are  caused  by  the  liberation  of  anilin  by 
its  decomposition,''  but  it  has  been  shown  to  be  a  blood  poison,  whose 
toxicity  depends  neither  upon  free  inorganic  ions  nor  upon  free  anilin, 
but  upon  a  complex  organic  ion  containing  both  the  arsenical  and 
anilin  radicals.'^ 

In  quite  a  number  of  instances  atoxyl  has  caused  toxic  effects  when 
administered  hypodermically.  Alost  frequently  these  are  character-, 
ized  by  depression,  chilly  sensations,  insomnia,  occasionally  somnolence, 
attacks  of  vertigo  and  sj^ncope,  fever,  dryness  and  a  sensation  of  scratch- 
ing in  the  throat,  coughing,  dyspncea,  slowing  of  the  pulse,  angina 
pectoris,  anorexia,  eructations,  vomiting,  sometimes  of  blood,  colic, 
abdominal  cramps,  diarrhoea,  occasionally  icterus,  retention  of  urine 
with  strangury  and  albuminuria,  various  exanthemata,  cold  extrem- 
ities and  paraesthesias  in  the  legs."  A  specific  action  is  frequently 
exerted  upon  the  visual  organs,  causing  retinal  hemorrhage,  ner^•e 
atrophy,  amaurosis,  and  permanent  blindness.'  One  fatal  case  of 
atoxyl  poisoning  has  been  reported  by  Schlecht  :^  a  man  of  twenty-nine 
years  who  received  2.4  gm.,  in  four  hypodermic  injections  of  0.6  gm. 
each  during  eight  days,  died  on  the  second  day  after  the  last  injection 
of  pulmonary  oedema,  having  manifested  the  symptoms  of  a  severe  attack 

'Schild:   Dermat.    Ztschr.,    1902,  med.  Wchnschr.,  1907,  xxxiii.,  1080. 

ix.,      172.      Blumenthal:      Med.  Greeff: /bid.,  p.  1313.  Herford: /bid., 

Woche.,  1902,  163.  1908,  xxxiv.,  801.     Nonne:  Miinch. 

"  Breinl  and  Todd:  Brit.  Med.  J.,  med.  Wchnschr.,  1908,  Iv.,  587. 

1907,  i.,  132.  '  Bornemann:        Miinch.        med. 

^  Moore,  Niersteiner,    and    Todd:  Wchnschr.,  1905,  lii.,  1043.     Koch: 

Biochem.  J.,  1907,  h.,  300.  Deut.  med.  Wchnschr.,  1907,  xxxiii., 

*  Waelsch:    Mtinch.    med.    Wchn-  1890;  22  cases  of  blindness  in  1633 

sohr.,  1907,  liv.,  937.  cases.     Hallopeau:  Buh.  de  I'Ac.  de 

^  Blumenthal  and  Jacoby:  Deut.  m6d.,   1907,   3  s.,  Iviii.  61.     Kopke: 

med.  Wchnschr.,  1907,  xxxiii.,  1065;  Ihid.,  p.  64,  six  cases  of  total  bhnd- 

Mediz.  Klin.,  1907,  iii.,  1365.     Blu-  ness     in     24.     Fehr:     Deut.     med. 

menthal   and    Horschmann:    Bioch;  Wchnschr.,     1907,     xxxiii.,      2032. 

Ztschr.,  1908,  X.,  240.     Moore,  Nier-  Schwartz:    .St.   Peters b.   med. 

steiner,  and  Todd:  Loc.  cit.  Wchnschr.,   1909,  xxxiv.,   223  (two 

"Schild:  Loc.     cit.     Broden     and  cases).      Igersleimer.     Deut.     med. 

Rodham:  Arch.  f.Schiffs-  u.  Tropen-  Wchnschr.,  1909,  xxxv.,  1142. 

hyg.,     1906,     X.,     693.     Brenning:  «  Munch,   med.   Wchnschr.,   1909, 

Dermat.      Ctbl.,      1907,      x.,      135.  Ivi.,  972. 
Waelsch:    Loc.    cit.     Lesser:    Deut. 
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of  the  paralytic  form  of  acute  arsenical  poisoning.  At  the  autopsy- 
degenerations  of  the  heart  and  liver  were  found  such  as  are  met  with 
in  poisoning  by  arsenic  or  by  phosphorus. 

Atoxyl  is  eliminated  for  the  greater  part  in  the  urine,  unchanged, 
and  in  much  less  amount,  after  large  doses,  in  the  faeces.  The  urinary 
elimination  begins  within  an  hour  or  less  after  introduction,  is  very 
active  during  the  first  twenty-four  hours,  during  which  fifty-seven  per 
cent,  of  the  amount  introduced  is  excreted,  save  in  exceptional  cases, 
when  the  main  elimination  is  extended  over  two  days.  Subsequently 
small  fractional  percentages  continue  to  be  eliminated  for  fourteen 
days,  and  possibly  longer.  The  elimination  by  the  faces  ceases  be- 
fore that  by  the  urine.  ^ 

The  fate  of  that  portion  of  administered  doses  unaccounted  for 
by  elimination  is  unknown.  Blumenthal  and  Jacoby,  in  their  experi- 
ments on  animals,  found  abundance  of  arsenic  in  the  blood  sixteen  to 
eighteen  hours  after  administration,  but  only  traces  in  the  liver  and 
brain  of  animals  killed  by  atoxyl.^  Wedemann,  on  the  other  hand, 
found  abundance  in  the  liver,  and  only  traces  in  the  brain. ^  Lockemann 
and  Pauke*  suggest  that  a  portion  may  be  retained  in  the  keratins.  Simo- 
net,^  in  the  cadaver  of  a  dog,  killed  by  hypodermic  administration  of 
atoxyl,  found  the  following  proportions  of  arsenic  in  mgm.  per  kilo: 
bile  64,  kidney  50,  lungs  40,  liver  36,  blood  36,  spleen  6.5,  muscles  5, 
brain  4,  hair  3. 

Atoxyl  responds  to  the  Reinsch,  Marsh,  and  Gutzeit  tests,  although 
slowly  to  the  first.  Its  slightly  acid  solutions  do  not  precipitate  with 
hydrogen  sulfid.  With  silver  nitrate  it  does  not  give  the  brick-red  of 
the  arsenates,  but,  in  neutral  solution,  a  white  precipitate  soluble  in 
nitric  acid  or  ammonia.  With  cupric  sulfate  it  gives  a  green,  crystal- 
line precipitate,  soluble  in  acids  or  ammonia.  Distilled  with  hydro- 
chloric acid  and  ferrous  ehlorid  it  yields  arsenic  trichlorid.  Like  other 
aromatic  amido  compounds,  atoxyl  may  be  diazotized  and  converted 
into  colored  derivatives.  Upon  this  reaction  Lockemann  and  Pauke' 
have  based  a  method  both  qualitative  and  quantitative.  The  aqueous 
solution  or  urine  is  acidulated  with  hydrochloric  acid,  cooled  to  below 
5°  C,  and  treated  guttatim  with  N/10  sodium  nitrite  solution  (6.9 
gm.    p/L.)  during  stirring,  until   a   drop   of  the  hquid,  upon  starch- 

'  Welander:     Arch.     f.     Dermat.,  Klin.,  1908,  iv.,  632.     Schild:Derm. 

1908,  Ixxxix.,  31.     Lockemann  and  Ztschr.,  1903,  x.,  35. 

Pauke:  Berl.  med.  Wchnschr.,  1908,  -  Loc.  cit.     and     Bioch.     Ztschr., 

xxxiv.,    1460.      Blumenthal  and  1908,  xvi.,  20. 

Jacoby :  Deut.  med.  Wchnschr.,  1907,  '  Loc.  cit. 

xxxiii.,   1065.     Wedemann:  Arb.  a.  *  Loc.  cit. 

d.  k.  Ges.-Amt.,  1908,  xxviii.,  585.  =  Bull.     Soe.   pharm.,    Bordeaux, 

CVoner  and  SeUgmann:  Deut.  med.  1908,  xx.,  443. 

Wchnschr.,  1907,  xxxiii.,  995;  Mediz.  "  Loc.  cit. 
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potassium  iodic!  paper,  gives  a  blue  stain  which  persists  for  ten  min- 
utes. Then  as  many  c.c  of  N/10  solution  of  beta-naphthylamin  (14.3 
gm.  -j-llO  c.c.  N.HCl  p/L.)  are  added  as  there  were  c.c.  of  NaN03 
solution  used,  and  the  mixture  is  set  aside  for  one  day.  A  carmine-red 
precipitate  is  formed,  having  the  composition  H203As.C„H4.  N  :  N.- 
C,„H,.NH,C1. 

For  quantitative  determination  the  direct  weighing  of  this  precipi- 
tate does  not  give  satisfactory  results,  particularly  with  the  urine. 
The  azo  compound  is  transferred  by  solution  in  ammonia,  and  evapo- 
ration to  a  porcelain  capsule,  in  which  it  is  acted  upon  by  a  mixture  of 
nine  parts  of  fuming  nitric  acid,  and  one  part  of  concentrated  sulfuric 
acid,  and  then  fused  with  a  mixture  of  potassium  and  sodium  nitrates. 
The  cooled  melt  is  dissoh-ed  in  water  and  sulfuric  acid,  evaporated, 
and  heated  until  white  fumes  are  evolved.  In  the  residue  arsenic  is 
determined  as  magnesium  pyroarsenate.'  Mg^AsjOjXl  •5389=HJN.- 
CJH^.  AsO  :  (OH)(ONa).  Gadamer^  has  given  a  method  of  ex- 
traction of  atoxyl  from  hashed  organs  by  alcohol,  acidulated  with 
.sulfuric  acid. 

ANALYTICAL. 

The  systematic  process  for  the  separation  of  arsenic  from 
organic  mixtures  and  from  other  poisons  has  already  been  de- 
scribed in  the  section  of  general  toxicology  and  under  antimony. 
It  remains  only  to  describe  certain  methods  of  separation 
adapted  to  arsenic  alone,  the  tests  by  which  it  is  identified,  and 
the  methods  for  quantitative  determination. 

The  method  of  Schneider  and  Fyfe,^  modified  by  Beckurts/ 
depends  upon  the  volatility  of  arsenic  trichlorid  and  its  separa- 
tion by  distillation  in  the  presence  of  ferrous  chlorid  from  the 
less  volatile  chlorids,  including  those  of  antinaony  and  tin.  The 
materials,  hashed  if  solid,  or  concentrated  after  neutralization 
with  disodic  carbonate  if  liquid,  are  placed  in  a  capacious  re- 
tort with  sufficient  pure  hydrochloric  acid  to  make  a  thin  paste 
and  20  c.c.  of  a  cold  saturated  solution  of  ferrous  chlorid.''     The 

^  See  p.  628.  *  Arch.  d.  Pharm.,   1S<S4,  cexxii., 

^  Apoth.  Ztg.,  1907,  xxii.,  566.  653.     See  '  also    Fischer:     Berichte, 

'Arch.    d.   Pharm.,    1851,    2    R.,  Berlin,  1880,  xiii.,  1778.     Ambuhl: 

Ixx.,  40;  J.  f.  pract.  Chem.,   1852,  Schweiz.     Woehenschr.    f.    Pharm., 

Iv.,  103.     The  method  is  also  known  1892,49.     Duflos  and  Hirsch  ("Das 

as  the  Liebig-Ludwig  method,  these  Arsenik,"  Breslau,  1842,  p.  37)  had 

chemists  having  both  modified  the  previously  suggested  a  similar  proe- 

original  process  by  the  substitution  ess,  using  hydrochloric   acid   alone. 

of  hydrochloric  acid  for  a  mixture  of  'To     reduce    arsenic    acid   to 

sulfuric  acid  and  sodium  chlorid.  arsenious. 

IV.— 38 
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beak  of  the  retort  is  directed  upward  and  connected  by  an  obtuse- 
angled  tube  with  a  Liebig's  condenser.  The  contents  of  the  re- 
tort are  cautiously  and  gradually  heated  until  about  two-thirds 
of  the  acid  have  distilled  over  at  the  rate  of  not  more  than  3  c.c. 
a  minute.  If  the  material  contain  a  large  quantity  of  arsenic 
the  distillation  must  be  repeated  two  or  three  times  with  fresh 
quantities  of  hydrochloric  acid;  and  if  antimony  or  tin  be 
present  the  first  half  of  each  distillate  should  be  redistilled  from 
about  5  c.c.  of  ferrous  chlorid  solution.  The  arsenic  may  be 
separated  from  the  distillate  as  arsenic  trisulfid  by  dilution, 
partial  neutralization,  and  treatment  with  hydrogen  sulfid. 
Or,  if  the  distillate  contain  no  volatile  organic  substances,  it  may 
be  introduced  into  the  Marsh  after  dilution. 

Kunkel'  calls  attention  to  the  fact  that  arsenic  trichlorid  goes 
over  very  slowly  and  incompletely  at  100°,  whereas  at  somewhat 
higher  temperatures  it  does  so  rapidly  and  completely.  He 
therefore  uses  an  acid  of  sp.  gr.  1 .  19,  which  in  boiling  produces  a 
temperature  of  108°  in  the  neck  of  the  flask.  He  uses  a  500  to 
1000  c.c.  Jena  flask,  fitted  with  a  cork-  having  three  holes. 
Through  one  of  these  passes  the  delivery  tube,  which  in  turn 
communicates  with  a  thoroughly  effective  condenser  and  re- 
ceiver. The  second  gives  passage  to  a  funnel-tube  with  stop- 
cock, from  which  hydrochloric  can  be  admitted  as  required,  and 
the  third  to  a  thermometer.  The  _distillation  should  proceed 
actively,  and  the  thermometer  should  mark  108°.  The  distilla- 
tion is  complete  in  about  an  hour. 

The  process  may  be  advantageously  modified  by  applying 
the  method  of  separation  of  antimony  and  arsenic  of  Piloty  and 
Stock. ^  The  mixture  with  hydrochloric  acid  is  heated  to  boiling 
in  a  flask  communicating  with  a  well  cooled  recipient  containing 
water  acidulated  with  hj-drochloric  acid.  A  rapid  current  of 
gaseous  hydrochloric  acid  is  conducted  through  the  apparatus, 
and  when  this  has  become  heated,  a  slow  current  of  hydrogen 
sulfid.  The  distillation  is  continued  to  near  dryness.  Antimony 
remains  in  the  flask,  and  arsenic  sulfid  is  precipitated  in  the  re- 
cipient.    The  separation  is  quantitative. 

The  methods  of  Gautier  and  of  Chittenden  and  Donaldson, 

'  Ztschr.  f.  physiol.  Chem.,  1905,      avoided    in    the    mounting    of  all 
xliv.,  511.  apparatus  for  toxicological  analysis. 

"Rubber    stoppers     should    be  '  Ber.,  Berlin,  1897,  xxx.,  1649. 
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described  on  pp.  189, 190,  are  rather  special  methods  for  the  detec- 
tion of  arsenic  than  general  methods.  Gautier  has  somewhat 
modified  his  method  as  follows:'  100  gm.  of  the  undried  tissue 
are  placed  in  a  porcelain  capsule  with  30  to  60  gm.  of  concen- 
trated nitric  acid  and  1  gm.  of  sulfuric  acid  and  heated  until  the 
mass,  which  at  first  becomes  fluid,  begins  to  thicken.  It  is  then 
removed  from  the  fire,  8  to  10  gm.  of  sulfuric  acid  are  added, 
and  the  mass  again  heated  rather  strongly.  It  is  again  removed 
from  the  fire  and  nitric  acid  is  added  in  small  portions  until, 
on  heating  the  mixture  nearly  to  the  boiling-point  of  sulfuric 
acid,  only  a  brown  liquid  remains,  which  is  almost  uncarbon- 
izable  at  this  temperature.  The  remainder  of  the  nitric  acid  is 
now  expelled,  a  little  sulfuric  acid  is  added  and  the  mass  ex- 
tracted with  600  to  700  c.c.  of  water.  To  the  filtered  liquid  1 
to  2  c.c.  of  sulfurous  acid  solution  is  added,  and  the  heated 
liquid  is  treated  with  hydrogen  sulfid  for  about  twelve  hours. 
The  precipitate  of  arsenic  trisulfid  and  sulfur  is  collected  on  a 
filter,  washed,  and  digested,  along  with  the  filter,  for  thirty  to 
forty  hours,  in  dilute  ammonium  hydroxid  at  40°  to  50°.  The 
filtered  solution  is  cautiously  evaporated  to  dryness,  and  the 
residue  treated  to  decoloration  with  a  mixture  of  nitric  and  sul- 
furic acids.  The  nitric  acid  is  then  expelled,  and  the  liquid 
diluted  with  water  and  introduced  into  the  Marsh  apparatus. 

To  avoid  the  possibility  of  introduction  of  minute  traces  of 
arsenic  with  hydrogen  sulfid  Gautier^  has  further  modified  his 
method  by  dispensing  with  that  reagent  and  taking  advantage 
of  the  precipitation  of  arsenic  by  Bunsen's  reaction  with  ferric 
hydroxid.  The  organs  are  oxidized  by  the  nitro-sulfuric  method. 
The  coal  is  taken  up  by  boiling  water,  and  the  solution  is  filtered, 
cooled,  partly  neutralized,  and  treated  with  ferric  sulfate  solu- 
tion in  the  cold  so  long  as  a  reaction  is  given  with  potassium 
ferrocyanid.     To  the  filtered  solution  5  c.c.  of  the  ferric  reagent^ 

'  C.    r.    Ac.    Sc,    1899,    cxxix.,  ammonium  hydroxid.     The  precipi- 

936.  tate,  which  still  contains  arsenic,  is 

^  Ihid.,  1903,  cxxxvii.,  158.  washed,  redissolved  in  dilute  sulfuric 

'  Made  by  dissolving   100  gm.  of  acid,  and  the  solution  digested  with 

commercial  ferrous  sulfate  in  500  c.c.  pure  granulated  zinc  for  two  days, 

of  water,  adding    25   gm.   of  pure  and    heated    to    boihng    in    vacuo. 

sulfuric  acid,  treating  the  solution  The   iron   is  then   reoxidized   by   a 

with   hydrogen   sulfid,    boiling   and  little     nitric     and     sulfuric     acids, 

filtering.     The  ferrous  salt  is  then  reprecipitated    by    ammonium    hy- 

oxidized  to  ferric  by  addition  of  28  droxid  in  slight  excess  (which  dis- 

gm.  of  nitric  acid,    and    the  ferric  solves  the  zinc),  washed,  and  redis- 

hydroxid    precipitated    by    purified  solved  in  cold  dilute  sulfuric  acid. 
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are  added,  the  liquid  heated  to  boiUng  and  then  neutralized  with 
ammonium  hydroxid.  The  precipitate  so  formed  is  dissolved 
in  a  mixture  of  nitric  and  sulfuric  acids,  heated  to  expulsion 
of  nitrous  fumes,  cooled,  diluted  and  introduced  into  the  Marsh 
apparatus.  Lockemann^  has  modified  this  method  by  substitu- 
tion of  aluminium  hydroxid  for  the  ferric  compound.  The 
extract  of  the  coal  is  treated  with  10  c.c.  of  a  twelve-per-cent. 
solution  of  pure  aluminium  sulfate,  rendered  alkaline  with 
ammonium  hydroxid,  and  heated  for  half  an  hour  on  the  water- 
bath.  The  precipitate  is  washed  with  water  containing  am- 
monium hydroxid,  dissolved  in  20  to  30  c.c.  of  ten  per  cent,  sul- 
furic acid,  and  the  solution  heated  on  the  water-bath  until  a 
removed  drop  no  longer  gives  a  blue  color  with  diphenylamin 
solution  (1  pt.  in  100  of  concentrated  sulfuric  acid).  The 
filtrate  from  the  first  precipitate  is  again  precipitated  with 
aluminium  sulfate  and  the  two  precipitates  united. 

Neumann's  Method.^ — This  is  based  upon  the  same  principle 
as  that  of  Gautier,  from  which  it  differs  in  that  the  nitric  acid 
is  generated  in  the  mixture,  which  renders  the  process  more 
easily  manageable.  The  dried  substance  is  first  heated  to  strong 
frothing  with  sulfuric  acid  alone  in  a  Kjeldahl  flask.  It  is  then 
allowed  to  cool  and  ammonium  nitrate  is  added  in  small  portions 
to  the  extent  of  one  gram  for  each  c.c.  of  sulfuric  acid  used.  The 
mixture  is  then  again  heated  until  the  liquid  is  light  yellow  and 
clear.  For  8  gm.  of  fresh  tissue,  or  3  gm.  of  dried,  15  c.c. 
of  sulfuric  acid  and  15  gm.  of  ammonium  nitrate  are  directed. 
Somewhat  larger  quantities  of  the  reagents  are  desirable. 

Igefsky  and  Nikitin^  use  sulfuric  acid  alone  for  the  destruc- 
tion of  organic  material.  The  material  is  first  dried  at  100°  to 
115°  and  pulverized.  From  4  to  8  gm.  of  the  dried  sub- 
stance (equivalent  to  20  to  40  gm.  of  the  undried)  are 
ground  up  in  a  mortar  with  10  gm.  of  concentrated  sulfuric  acid 
for  each  gm.  of  dried  substance  used,  and  the  whole  transferred, 
to  a  Kjeldahl  flask,  along  with  about  0.1  gm.  of  cupric  oxid, 
and  heated  until  it  is  decolorized,  which  usually  requires  two  to 
three  days.  The  liquid  is  then  diluted  with  water  and  boiled  to 
expel  sulfur  dioxid,  or,  if  this  be  insufficient,  again  heated  after 

'  Ztschr.     f.     angewand.     Chem.,  '  Scherbatscheff:  Zeitschr.  f.  ger. 

1905,  xviii.,  416.  Med.,  1900,  3  F.,  xix.,  243. 

Arch.  f.  Anat.  u.  Physiol.,  Phvs. 
Abth.,  1897,  .552. 
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addition  of  a  little  potassium  permanganate.  The  cooled  liquid  is 
then  introduced  into  a  Marsh  apparatus,  whose  generating 
vessel  is  modified  by  the  addition  of  a  third  tube,  so  arranged  as 
to  permit  the  liquid  to  be  drawn  off  during  the  operation,  by 
which  means  200  to  300  c.c.  may  be  treated  in  a  generator  of 
100  c.c.  capacity.  If  more  than  8  gm.  of  dried  material  be 
operated  upon,  loss  by  overflow  of  the  Kjeldahl  flask  is  unavoid- 
able. There  is  no  loss  of  arsenic  by  conversion  into  arsenic 
trichlorid,  even  in  the  presence  of  considerable  quantity  of 
chlorids.  An  advantage  of  this  method  is  that  in  it  only  sul- 
furic acid  and  zinc,'  whose  purity  can  be  easily  assured,  are 
used.  It  is  claimed  that  the  delicacy  of  the  method  is  that  of 
the  Marsh;  certainly  the  slight  loss  consequent  upon  precipita- 
tion by  hydrogen  sulfid,  filtration,  etc.,  is  avoided. 

Strzyzowski's  method"  depends  upon  the  fact  that  arsenic 
in  organic  matters  is  retained  by  magnesium  or  calcium  oxid  on 
calcination.  About  10  gm.  of  the  material,  with  1  gm.  of 
arsenic-free  magnesia  and  1  c.c.  of  nitric  acid,  are  dried  in  a 
porcelain  crucible,  and  the  heat  gradually  raised  to  complete  in- 
cineration. The  white  ash  is  extracted  by  10  c.c.  water  and  5.5 
c.c.  fifty  per  cent,  sulfuric  acid  in  the  cold,  the  liquid  filtered,  and 
the  filtrate  made  up  to  20  to  25  c.c.  by  washing  the  residue  in  the 
filter  with  12.5  per  cent,  sulfuric  acid.  The  solution  is  introduced 
into  the  Marsh. 

Method  of  Fresenius  and  v.  Babo.^ — The  earlier  stages  of 
this  method  have  been  described,  and  are  the  best  adapted  to 
the  systematic  search  for  all  mineral  poisons.  The  continuation 
of  the  method  after  the  Meyer  fusion^  consists  in  recovering  the 
arsenic  as  arsenic  trisulfid  from  the  solution  by  reduction  with 
sulfur  dioxid  and  precipitation  with  hydrogen  sulfid.  The 
thoroughly  dried  arsenic  trisulfid  is  then  mixed  with  dry  potas- 
sium cyanid  and  disodic  carbonate,  and  the  mixture  placed  in  a 
porcelain  boat,  which  is  introduced  into  a  Bohemian  tube  drawn 
out  as  shown  in  Fig.  14.  This  tube  is  attached  to  a  carbon 
dioxid  generator  and  a  slow  current  of  the  gas  passed  until  the 
air  is  completely  displaced.  The  mixture  in  the  porcelain  boat 
is  then   gradually  heated,   when  the  trisulfid  is   reduced,   and 

'Or    only    sulfuric    acid    if    the  'Fresenius:   "Qual.   Anal.,"    16te 

electrolytic  Marsh  be  used.  Aufl.,  503. 

^Siidd.  Apoth.  Ztg.,  1907,  xlvii.,  *  See  pp.  187,  192,  372. 

83. 


598  TOXICOLOGY WITTHAUS. 

elementary  arsenic  is  deposited  in  the  cool  part  of  the  tube 
beyond.  The  mixture  of  sulfid  and  cyanid  and  carbonate  should 
not  be  placed  in  contact  with  the  glass,  as,  if  the  glass  contain 
arsenic,  as  it  frequently  does,^  this  may  be  reduced. 

We  prefer  to  depart  from  the  method  laid  down  by  Fre- 
senius  and  von  Babo  at  the  termination  of  the  Meyer  fusion. 
The  cooled  residue  after  the  action  of  sulfuric  acid  (see  page  195)  is 
dissolved  in  ten  per  cent,  sulfuric  acid  and  reduced,  and  the  solu- 
tion (or  an  aUquot  part  of  it  if  the  bulk  of  the  hydrogen  sulfid 
precipitate  has  indicated  a  large  quantity  of  arsenic)  introduced 
into  the  Marsh  apparatus  (see  pp.  604,  et  seq.). 


Fig.  14. — Reduction  Tube,  Fresenius  and  v.  Babo  Apparatus. 

When  urine  or  other  substances  containing  but  a  small 
amount  of  organic  matter  are  to  be  tested  for  arsenic  only,  the 
process  may  be  much  abbreviated  and  the  extraction  more  com- 
pletely effected  by  adding  concentrated  sulfuric  acid  containing 
about  one-thirtieth  of  its  volume  of  nitric  acid,  evaporating  to 
dryness,  heating  the  residue  until  dense  white  fumes  are  given 
off,  extracting  the  char  with  boiling  water,  concentrating  the 
solution,  and  introducting  directly  into  the  Marsh  apparatus. 

Tests  for  Arsenic^ — 1.  Hydrogen  Sulfid. — Colors  neutral 
solutions  of  arsenious  acid  or  of  arsenites  yellow.  If  the  solution 
be  acid  a  yellow  precipitate  of  arsenic  trisulfid  is  formed  im- 
mediately; which  is  readily  soluble  in  solution  of  alkaline  hy- 
droxids,  carbonates,  or  sulfids,  and  in  nitric  acid,  but  almost 
insoluble  in  hydrochloric  acid.  If  the  arsenic  be  present  as 
arsenate  hydrogen  sulfid  produces  no  precipitate  in  the  cold, 
except  after  long  standing,  when  there  is  separation  of  arsenic 
pentasulfid  and  sulfur,  and  partial  reduction  of  arsenic  to  arseni- 
ous compound,  followed  by  precipitation  of  arsenic  trisulfid, 
the  action  continuing  until  finally  all  of  the  arsenic  is  separated 
as  trisulfid.  If  hydrogen  sulfid  be  caused  to  act  upon  a  solution 
of  an  arsenate  at  about  70°  (158°  F.)  a  precipitate  of  arsenic 
trisulfid  is  formed  if  there  be  a  large  excess  of  hydrogen  sulfid; 

'See    Fresenius:     Ztcii.    f.    anal.  ^For   reactions   of    organic  com- 

C'hem.,  1883,  xxii.,  397.  pounds,  see  pp.  588-593. 
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otherwise  a  mixture  of  arsenic  trisulfid   and  pentasulfid  and 
sulfur  separates. 

2.  Reinsch  Test.^ — If  a  solution  containing  an  arsenite  and 
acidulated  with  about  one-fifth  its  volume  of  hydrochloric  acid  be 
heated  a  little  below  the  temperature  of  boiling  water  in  the 
presence  of  metallic  copper,  a  gray  stain  is  formed  upon  the 
copper  which  increases  in  thickness  and  finally  peels  off  if  the 
quantity  of  arsenic  be  large.  The  gray  deposit  is  an  alloy  of 
copper  and  arsenic.  It  is  not  formed  in  the  presence  of  powerful 
oxidizing  agents  such  as  the  chlorates.  With  an  arsenate  it  is 
only  slowly  formed.  A  stain  having  an  appearance  similar  to 
that  caused  by  arsenic  is  also  formed  if  the  liquid  contain  com- 
pounds of  sulfur,  selenium,  gold,  platinum,  palladium,  silver, 
bismuth,  antimony,  or  mercury.     To  distinguish  the  arsenical 


Fig.  15. — Reinseh  Test,  second  stage. 


stain  from  the  others  the  strip  of  thin  copper  foil,  which  should  be 
about  one-eighth  of  an  inch  wide  and  three-quarters  of  an  inch 
long,  is  removed  from  the  solution,  gently  washed,  and  dried  by 
contact  with  filter-paper.  It  is  then  placed  near  one  end  of  a 
clean  piece  of  thin  Bohemian  tubing,  open  at  both  ends  and 
about  eight  inches  long.  This  is  held  at  an  angle  of  about  ten 
degrees  to  the  horizontal  and  gently  warmed  along  its  entire 
length  until  the  interior  of  the  tube  and  the  foil  are  perfectly  dry. 
The  portion  of  the  tube  immediately  above  the  copper  is  then 
slightly  warmed  (to  insure  the  formation  of  larger  crystals  than 
would  be  deposited  upon  a  cold  surface),  and  the  tube  being 
held  in  the  position  shown  in  Fig.  15,  the  copper  is  heated 
strongly,  while  the  inclination  of  the  tube  may  be  varied  and 

'  "Das  Arsenik,"  Niirnberg,  1843. 
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the  forefinger  more  or  less  applied  to  the  upper  opening  in  such  a 
manner  as  to  govern  the  current  of  air  through  the  tube,  which 
should  be  quite  slow.  Or  the  copper  may  be  heated  in  a  closed 
reduction  tube,  but  in  that  case  the  copper  and  tube  must  be 
completely  dried  before  being  heated.  We  prefer  the  open  tube 
because  it  is  more  readily  cleaned  and  dried,  and  because  the 
slight  current  of  air  carries  the  sublimate  well  away  from  the 
copper.  There  is  danger  of  loss  if  the  air  current  be  too  rapid. 
When  the  amount  of  material  available  is  not  too  small,  subli- 
mates may  be  olrtained  in  a  form  more  convenient  for  examina- 


Mercury  Globules. 


tion,  upon  microscopic  cover-glasses,  by  heating  the  completely 
dried  copper  in  a  small  thimble  set  into  a  hole  in  a  brass  or  iron 
plate,  the  slightly  warmed  cover  having  been  placed  over  the 
opening  of  the  thimble. 

Of  the  compounds  mentioned  selenium,  arsenic,  antimony,  and 
mercury  are  the  only  ones  which  produce  a  sublimate  m  the 
tube.  Sulfur  is  volatilized  as  sulfur  dioxid,  and  the  metals  re- 
main upon  the  copper  either  in  the  metallic  form  or  as  non- 
volatile oxids.  The  sublimate  produced  by  mercury  is  grayish 
rather  than  pure  white,  ami  when  examined  with  the  microscope 
is  found  to  consist  of  an  asgreaation  of  shining  ijlobules  of  metallic 
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mercury  (Fig.  16).  The  deposits  of  the  oxids  of  arsenic,  antimony 
and  selenium  are  white  and  more  closely  resemble  each  other,  but 
differ  in  certain  particulars:  The  antimonial  deposit  is  nearer 
to  the  point  at  which  heat  was  applied  than  the  arsenical,  and  a 
portion  of  it  may  be  in  that  part  of  the  tube  which  was  in  the 
flame.  After  the  formation  of  the  sublimate  it  mny  be  readily 
driven  along  the  tube  by  a  moderate  heating  if  it  be  arsenic, 
while  a  much  higher  temperature  is  required  to  volatilize  the 
antimonial  deposit.  The  arsenical  deposit  consists  entirely  of 
brilliant  octahedral  crystals  (Fig.  17),  varying  in  size,  the  larger 


Fig.  17. — Reinsoh  Test.     Arsenic.     Octahedral  Crystals.      X  75. 


being  in  fhe  portion  of  the  sublimate  nearest  to  where  heat  was 
applied.  The  crystals  are  bright,  with  finely  defined  edges,  and 
scintillate  when  the  tube  is  rotated  on  its  axis  in  the  sunlight. 
The  antimonial  deposit  is  generally  entirely  amorphous  (Fig.  18). 
It  may,  however,  contain  crystals,  some  of  which  may  be  octahe- 
dral, of  the  same  shape  as  the  arsenical  crystals,  but  rather 
duller  in  lustre  and  less  transparent,  and  whose  edges  appear 
as  broader  black  lines  (Fig.  19).  These  crystals,  if  present  at 
all,  are  always  few  in  number  and  surrounded  by  much  granu- 
lar, amorphous  material,  and  require  a  high  temperature  for 
their   volatilization.     Occasionally   prismatic    crystals    are    also 
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Fig.  18. — Reinsch  Test.     Antimony.     Amor'phous  Deposit.     X  75. 
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Fig.  19. — Reinsch  Test.     Antimony  Deposit;  Amorphous,  Octahedra 
and  Prisms,      x  75. 
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formed,  either  beyond  the  copper  or  in  that  part  of  the  tube 
which  was  in  the  flame  (Fig.  20).  When  arsenic  trioxid  is 
subUmed  in  air  in  the  manner  above  directed  it  does  not  form 
prisms,  as  it  does  occasionally  when  heated  under  pressure  or 
in  sulfur  dioxid  (see  Fig.  11,  page  400),  but  sometimes  flattened 
derivatives  of  the  octahedron,  when  attached  to  the  glass  by 
their  edges,  have,  with  a  certain  focussing,  a  prismatic  appeai'- 
ance;  the  apparent  ends  are,  however,  truncated,  and  on  chang- 
ing the  focus  the  larger  surfaces  of  the  crystal  come  into  view. 


Fig,  20. — Reinsch  Test.     Antimony,  Amorphous  and  Prismatic  Deposit 
with  a  few  Octahedra.      X  75. 


The  pressure  of  selenium  is  exceptional,  originating  most 
frequently  as  an  impurity  of  sulfuric  acid.  It  forms  a  stain  on 
the  copper  similar  to  that  of  arsenic,  and  when  heated  in  the 
tube  it  produces  a  sublimate  which  does  not  differ  in  gross 
appearance  from  those  of  arsenic  and  antimony,  but  when 
examined  microscopically  it  is  found  to  consist  of  amorphous 
material  and  may  contain  prismatic  crystals  arranged  in  feathery 
bundles.  During  the  heating  with  hydrochloric  acid  selenium 
communicates  a  reddish  color  to  the  hquid  which  also  deposits 
a  red  precipitate. 

The  deposit  may  be  heated  with  a  very  small  quantity  of 
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water  and  tested  for  arsenic  and  antimony  with  hydrogen  sulfid, 
or  ammonio-silver  nitrate.  The  larger  crystals,  whether  of 
arsenic  or  antimony  trioxid,  are  visible  with  an  ordinary  hand 
magnifier  of  four  diameters;  the  smaller  require  a  magnifying 
power  of  about  seventy-five  diameters  to  be  distinctly  seen. 

The  Reinsch  test  possesses  two  advantages  as  a  preliminary 
test  when  abundance  of  material  is  available,  and  for  clinical 
purposes  during  the  life  of  the  patient.  It  is  a  test  not  only  for 
arsenic,  but  for  mercury  and  antimony  as  well.  It  may  be 
applied  directly  to  a  liquid  containing  organic  matter,  such  as 
the  urine,  and  may  be  completed  in  a  few  minutes,  while  other 
methods  require,  a  tedious  preliminary  treatment  for  the  re- 
moval of  organic  matter.  Two  points  are,  however,  to  be  borne 
in  mind  in  its  use:  Hydrochloric  acid,  even  the  chemically  pure 
of  the  pharmacies,  is  rarely  free  from  arsenic,  and  copper  foil 
may  also  contain  it.  The  method  should,  therefore,  never  be 
used  without  a  blank  testing,  using  as  much  acid  and  copper, 
and  continuing  the  boiling  for  as  long  a  period  as  ifi  the  actual 
testing.  If  the  chemicals  be  pure  the  copper  is,  if  anything, 
brightened.  Should  it  become  dimmed  in  the  slightest  degree 
the  acid,  which  is  usually  at  fault,  must  be  rejected.  Copper 
foil  of  a  sufficient  degree  of  purity  is  purchasable,  but  it  is  best 
prepared  by  electrolysis  of  a  solution  of  pure  cupric  sulfate, 
using  a  plate  of  pure  copper  as  an  anode.  Another  objection  to 
this  process  is  that  in  its  application  copper  is  introduced  into 
the  articles  under  examination.  It  should,  therefore,  never  be 
used  except  with  a  small  sample  of  the  available  material.  If 
the  presence  of  arsenates  be  suspected,  it  is  well  to  reduce  them 
to  arsenites  by  sulfur  dioxid  and  expel  the  excess  of  gas  by 
boiling  before  appljang  the  test. 

The  practical  hmit  of  delicacy  of  this  test  is  about  0.0001 
grain,  0.006.5  mgm.;  although  Wormley^  claims  for  it  a  dehcacy 
0.00001  grain,  0.00065  mgm.  It  is  certainly  inferior  in  deli- 
cacy to  the  Marsh  test  as  now  used. 

3.  Marsh  Test.= — Of  this,  the  most  delicate  and  rehable  of 
the  tests  for  arsenic,  nothing  of  the  original  process  as  described 
by  Marsh  remains  in  the  present  method  of  application  except 

'  "  Micro-Chemistry   of   Poisons,"  '  London    M.    Gaz.,    1836,   xviii., 

2d  ed.,  274.     8ep  also  Am.  J.  M.  Sc,       650. 
1877,  n.  s.,  Ixxiv.,  3<in. 
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the  fundamental  principles,  the  generation  of  hydrogen  arsenid 
and  its  decomposition  by  heat,  upon  which  it  is  based. 

Nascent  hydrogen  may  be  generated  either  chemically,  as  in 
the  original  Marsh  method  and  most  of  its  derivatives,  1)y  the 
action  of  acids,  sulfuric  or  hydrochloric,  upon  zinc  (or  mag- 
nesium); or  by  electrolysis  of  dilute  sulfuric  acid  by  the  galvanic 
current,  as  was  firit  suggested  by  Morton^  and  later  by  Bloxam^ 
and  others.^  Where  there  is  electric  installation,  as  is  usually 
the  case  in  chemical  laboratories 
at  the  present  time,  the  electro- 
lytic method  presents  many  ad- 
vantages. No  doubt  of  the 
purity  of  zinc  is  pertinent.  The 
rapidity  of  generation  of  the 
gas  is  absolutely  under  control, 
by  variation  of  the  current 
strength,  and  the  evolution  may 
be  instantly  arrested  or  resumed, 
which  is  frequently  desirable. 
The  formation  of  gas  is  perfectly 
regular  so  long  as  the  current  is 
constant,  while  with  the  chem- 
ical method  it  varies  in  rapidity 
even  when  the  acid  is  admitted 


Fig.  21.— Vertical 
Thorpe's  electrolytic 
one-third  natural  size. 


section     of 
generator; 


to  the  generator  guttatim  and  as  regularly  as  possible.  When  zinc 
and  sulfuric  acid  are  used  the  evolution  of  gas  frequently  becomes 
quite  slow  toward  the  end  of  a  testing,  and  this  is  only  partially 
remedied  by  coating  or  alloying  the  zinc  with  copper  or  platinum, 
which  is  undesirable  for  other  reasons.  With  the  galvanic 
method  there  is  no  accumulation  of  metallic  salts  in  the  genera- 
tor. As  the  acid  is  not  neutralized,  but  constantly  regenerated, 
the  hydrogen  being  derived  from  the  water:  H2S04  =  H2-f-S04, 
and  S04  +  H20  =  H2S04  +  0,  the  amount  introduced  into  the 
generator  is  only  that  required  to  render  the  liquid  a  conductor, 
which  is  much  less  than  that  necessary  when  the  hydrogen  is 
derived  from  the  acid :  H2SO4  +  Zn  =  ZnSO^  +  H^. 

'  Lancet,  1840-41,  ii.,  394.  mann:    J.    Soc.    Chem.    Ind.    1904, 

'Quart.    J.    Chem.     Soc.,     1861,  xxiii.,    177.     Thomson:    Brit.   Food 

xm.,  12,  338.  J    1904  vi.,  126,  152,  171.     Kunkel: 

'  Wolff:   Ztschr.   f.    anal.    Chem.,  Ztsch.  f .  physiol.  Chem.,  1905,  xliv., 

1888,    xxvii.,    125.     Thorpe:    Proc.  511. 

Chem.  Soc,  1903,  xix.,  183.     Trot- 


606 


TOXICOLOGY — WITTHAUS. 


a 
o 

o 


a 
a. 


§ 


1 
ci 

6 

P4 


ARSENIC — ^ANALYTICAL. 


607 


A  compact  and  serviceable  form  of  apparatus  is  that  sug- 
gested by  Thorpe/  which,  with  some  modifications,  is  shown 
in  perspective  in  Fig.  22,  and  in  plan  in  Fig.  23.  The  Marsh 
generator,  B,  Fig.  23,  standing  in  cold  water  in  the  glass  dish,  A, 
about  18  cm.  in  diameter,  is  shown  in  section  in  Fig.  21.  It 
consists  of  the  glass  bell,  A,  whose  ground-in  stopper  gives 
passage  to  the  stop-cocked  funnel-tube,  B,  for  the  introduction  of 
liquid,  to  the  gas  delivery  tube,  C,  which  connects  by  a  ground 


X--  -8-  ->^-S->i.-—<}--fii->f-i^ 

^= — a=© 
1  K 


Fig.  23. — ^Plan  of  arrangement  of  Electrolytic  Marsh  apparatus. 

joint  with  the  drying  tube,  D,  and  to  a  stout  platinum  wire,  E, 
fused  into  the  glass,  and  bent  into  a  hook  below.  This  bell 
rests  by  its  upper  expansion  upon  and  in  the  porous  cell  of  un- 
glazed  porcelain,  F,  7  cm.  high  and  42  mm.  in  diameter.  The 
cathode  consists  of  a  hollow  truncated  cone,  G,  32  mm.  high,  22 
mm.  in  its  upper  diameter,  and  32  mm.  in  its  lower  diameter,  made 
of  pure  sheet  silver  1  mm.  thick,  having  four  fenestra  1  cm.  X  2  mm. 
cut  through  it,  and  having  a  loop  of  stout  silver  wire  riveted  upon  it, 
by  which  it  is  suspended  from  the  platinum  hook  above  referred  to.  ^ 


'  J.  Chem.  See,  1903,  Ixxxiii.,  974. 

^  In  Thorpe's  apparatus  the 
cathode  is  of  platinum.  We  can, 
however,  substantiate  the  state- 
ment of  Kunkel  {hoc.  cit.),  that  the 
evolution  of  hydrogen  is  much  more 
satisfactory  from  solutions  of  arsen- 
ites  with  a  silver  cathode  than  with 
one  of  platinum.  The  silver  surface 
must  be  perfectly  bright,  and  if  not 
so  must  be  mechanically  cleaned 
with   whiting   or    rottenstone,   and 


■washed  with  water  and  with  dilute 
sulfuric  acid.  The  silver  cathodes 
may  be  kept  for  months  without 
tarnishing  under  arsenic-free 
glycerol,  which  may  easily  be 
washed  off.  The  energy  of  the 
reducing  action  of  nascent  hydrogen 
varies  materially  with  the  material 
of  which  the  cathode  consists  and 
with  the  nature  of  its  surface. 
Thus  with  a  smooth-surfaced  cathode 
of     platinum     arsenates     are     not 
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The  anode,  H,  consists  of  a  circle  of  stout  platinum  foil,  45 
mm.  in  diameter  and  20  mm.  broad,  upon  which  is  welded  a 
stout  platinum  wire,  7,  which  extends  over  the  outer  vessel  of  the 
generator,  K.  This  vessel  should  be  a  thin  glass  beaker  of  suit- 
able height,  and  of  internal  diameter  just  sufficient  to  receive  the 
anode,  in  order  to  favor  the  cooling  effect  of  the  surrounding 
water,  and  to  make  the  anode  space  as  small  as  possible.  In  the 
drying  tube,  D,  the  gas  passes  over,  first  two  rolls  of  heavy  filter- 
l^aper  which  has  been  soaked  in  lead  acetate  solution  and  dried, 
then  a  loose  plug  of  dried  absorbent  cotton,  then  a  column  of 
pure  granulated  calcium  chlorid,  and  lastly  another  cotton  plug.' 
The  drying  tube  communicates  through  a  short  T-tube  with  the 


reduced  to  arsenites,  although  the 
latter  are  reduced  to  elementary 
arsenic,  which  is  in  turn  converted 
into  hydrogen  arsenid.  But  the 
rapidity  of  the  reduction  which  does 
occur  under  these  conditions  is  so 
materially  diminished  when  the 
surface  of  the  platinum  becomes 
roughened  by  use  that  cathodes 
of  that  metal  ultimately  become 
unserviceable,  as  was  pointed  out 
by  Thorpe.  On  the  other  hand, 
with  a  lead  cathode  arsenates  are 
reduced  to  arsenites.  The  varia- 
tions in  the  "  supertension"  of  the 
hydrogen  given  off  at  cathodes  of 
different  available  metals  has  been 
measured  by  Caspari  (Ztschr.  f. 
physik.  Chem.,  1899,  xxx.,  89. 
See  also  Tafel:  Ihid.,  1900,  xxxiv., 
227)  who  found  it  to  be  the  lowest 
with  roughened  platinum,  and  the 
highest  with  lead,  zinc  and  mercury. 
Mercury  cannot  be  used  in  the 
Marsh,  as  when  the  reduction 
reaches  the  stage  of  elementary 
arsenic  this  is  retained  by  amal- 
gamation, and  no  hydrogen  arsenid 
is  evolved  (Sand  and  Hackford: 
J.  Chem.  Soc,  1904,  Ixxxvi.,  1018). 
Zinc  cathodes,  recommended  by 
Thomson  (J.  Chem.  Soc,  1904, 
Ixxxvi.,  777)  have  the  disadvantage 
of  dissolving  in  the  electrolyte.  If 
a  solution  of  pure  zinc  sulfate  be 
added  to  the  electrolyte,  a  platinum 
cathode  becomes  practically  one  of 
zinc,  by  deposition  of  that  metal 
upon  its  surface.  For  the  quanti- 
tative determination  of  minute 
amounts   of   arsenic   by   the    Marsh 


test  the  lead  cathodes  recommended 
by  Trotman  and  Sand  and  Hackman 
{Loc.  cit.)  are  probably  the  best. 
Lead,  however,  usually  contains 
arsenic,  although  it  may  be  obtained 
arsenic-free.  The  softness  of  this 
metal  and  the  rapidity  with  which 
it  tarnishes  are  obstacles  to  the 
obtaining  of  that  bright  surface 
which  is  necessary.  If  the  precau- 
tion be  taken  of  reducing  all  arsenic 
present  to  the  form  of  arsenite 
previous  to  introduction  into  the 
Marsh,  the  silver  cathode  leaves 
nothing  to  be  desired  in  toxicological 
analyses,  and  even  cathodes  of 
smooth-surfaced  platinum  may  be 
used. 

'  The  purpose  of  the  lead  acetate 
paper  is  to  retain  possible  traces 
of  hydrogen  sulfid  or  selenid.  The 
paper  rolls  should  be  replaced  if 
they  become  at  all  darkened. 
Absorbent  cotton  is  preferable  to 
glass  wool  as  it  is  itself  absorbent 
of  moisture.  It  should  be  renewed 
each  time,  and  should  be  dried  at 
105°  to  110°.  It  has  been  supposed 
that  acid  from  the  generator  might 
liberate  chlorin  from  calcium  chlorid. 
We  have  never  seen  this  to  occur. 
Potassium  hydroxid  should  not  be 
used  to  drj'  the  gas,  as  is  recom- 
mended by  many  writers,  because, 
although  its  decomposing  action 
upon  hydrogen  arsenid  is  not  so 
intense  as  that  upon  hydrogen 
antimonid,  it  nevertheless  decom- 
poses the  former  gas  to  some  extent, 
with  deposition  of  arsenic. 
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reduction  tubes.  As  the  quantity  of  arsenic  dealt  with  in  toxi- 
cological  investigations,  if  the  amount  present  be  at  all  consider- 
able' is  much  greater  than  the  minute  traces  for  the  determination 
of  which  this  apparatus  was  devised,  the  extent  of  heated  surface 
in  the  tube  must  be  greater  than  that  recommended  by  Thorpe 
and  other  English  analysts.  The  reduction  tubes  should  be  of 
uniform  diameter,  6  mm.  externally,  4.5  mm.  internally,  and 
should  be  made  from  arsenic-free  Jena  glass  manufactured  for  the 
purpose." 

The  tubing,  cut  into  30  cm.  lengths,  should  be  washed  out, 
first  with  the  sulfuric  acid-bichromate  mixture,  then  with  water, 
and  finally  with  alcohol,  and  dried  before  being  drawn  out,  and 
they  should  be  protected  from  dust  until  used.  The  longer  tubes, 
which  are  to  be  heated  in  the  furnace,  H,  Fig.  23,  are  drawn  out 
from  30  cm.  lengths  as  uniformly  as  possible  to  the  dimensions 
given  in  the  cut,  the  internal  diameter  of  the  constricted  portion 
being  about  1  mm.     The  shorter  tubes  are  similarly  made  from 

15  cm.  lengths.  In  mounting  the  apparatus  a  section  of  glass 
rod  2  cm.  long  and  3  mm.  in  diameter  is  slid  into  one  of  the 
longer  tubes  so  that  it  will  occupy  the  position  indicated  in  the 
cut.^  The  tube  is  then  connected  with  the  T-tube  and  sup- 
ported over  a  quadruple  bat-wing   Bunsen  burner,   by  which 

16  cm.  of  tube  may  be  heated,  by  resting  in  a  semicylindrical 
gutter  of  400  mesh  iron  wire  gauze,  which  in  turn  rests  upon 
three  cross-wires,  which  also  support  two  sheets  of  thick  mica, 
8X23  cm.,  on  either  sides  of  the  flames.  The  gutter  and  tube 
are  so  placed  that  the  forward  flame  strikes  a  trifle  beyond  the 
gauze,  and  at  the  beginning  of  the  constriction.  Fig.  24.''  The 
shorter  tube  is  connected  in  series  with  the  longer,  and  supported 
on  a  short  iron-gauze  gutter  over  a  single  Bunsen  burner  in 
such  position  that  it  will  be  heated  as  in  Fig.  24.  The  free  end 
of  the  shorter  tube  is  connected  with  an  L-tube  whose  lower  end 


'  See  p.  615.  trand,     Kunkel,     Luckemann,    and 

^  The  Jena  glass  of  which  flasks,  others  to  cool  the  tube  at  the  con- 
beakers,  etc.,  are  made  contains  striction  by  wrapping  around  it  a 
arsenic.    _       ^  strip   of  filter-paper  or  a   piece   of 

"  Its  object  is  to  aid  in  presenting  lamp-wick,  which  is  kept  moist  by- 
back  currents,  and  the  formation  dropping  water  upon  it,  must  be 
of  anterior  or  "eddy"  mirrors  followed  when  very  minute  traces 
thereby.  of  arsenic  are  to  be  detected. 

''The    recommendation    of    Ber- 
IV-39. 
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is  made  to  dip  just  below  the  surface  of  water.'  Supports  are 
arranged  at  suitable  intervals  to  prevent  sagging.  An  electro- 
lytic hydrogen  generator,  E,  which  may  be  put  in  or  out  of  action 
at  will,  is  in  communication  with  the  third  branch  of  the  T-tube, 
through  a  U-tube  charged  with  calcium  chlorid,  F,  and  a  three- 
way  stopcock,  G,  by  which  the  gas  may  be  directed  either 
through  the  reduction  tube,  or,  by  a  tube  dipping  into  water, 
into  the  external  air.  A  wooden  screen,  L,  Fig.  23,  is  interposed 
to  shield  the  generators  from  the  heat  of  the  burners. 

The  current  is  obtained  from  a  storage  battery  of  six  2-v. 

cells,  or  directly  from  the  light- 
ing circuit,  a  wire  rheostat  being 
interposed  with  the  former,  or  a 
lamp  rheostat  with  the  latter. 
The  generators,  E  and  B,  Fig.  23, 
are  connected  through  switches 
in  parallel,  and  an  ammeter  is 
included  in  the  circuit  of  B. 
When  the  current  is  obtained 
from  the  lighting  circuit  several  units  of  the  apparatus  may  be 
connected  in  series. 

With  the  electrolytic  Marsh  it  is  desirable  or  even  necessary 
that  the  arsenic  be  introduced  as  an  arsenite,^  therefore,  if  the 
material  to  be  examined  be  the  product  of  the  Meyer  fusion 
(see  pp.  194,  598),  the  arsenate  must  be  reduced  to  arsenite  by 
treatment  of  the  solution  with  sulfur  dioxid  and  expulsion  of  the 
excess  of  the  gas  by  boiling,^  and  cooling  the  liquid,  preferably  to 
4°.  The  liquid  must  in  any  event  be  free  from  organic  material. 
The  apparatus  having  been  mounted,  20  c.c.  of  diluted  sul- 
furic acid^  are  admitted  to  the  cathode  space  by  the  funnel-tube, 
and  sufficient  by  a  pipette  to  the  anode  space  to  just  cover  the 


Fig.  24. — Manner  of  heating 
reduction  tube. 


'  This  serves  both  as  an  air  seal 
and  to  indicate  the  rapidity  of  the 
current.  Or,  in  place  of  water,  a 
dilute  solution  of  silver  nitrate  may- 
be used  in  which,  the  burners  being 
extinguished,  hydrogen  arsenid  pro- 
duces a  black  precipitate  of  metalhc 
silver,  while  arsenious  acid  goes 
into  solution. 

^  See  Note  2,  p.  607. 

^  Or,  as  suggested  by  Thorpe,  l.iy 
the  addition  of  0.  5  gm.  of  potassium 


metabisulfite  to  25  c.c.  of  the  solu- 
tion, and  boiling  until  the  odor 
of  sulfur  dioxid  disappears. 

*  Pure  sulfuric  acid  (see  p.  183) 
diluted  with  7  volumes  of  distilled 
water.  The  mixture  is  cooled  and  a 
gahanic  current  conducted  through 
it  frojn  platinum  electrodes  for 
about  half  an  hour  to  destroy 
traces  of  sulfur  dioxid,  and  prevent 
the  formation  of  hydrogen  sulfid 
therefrom. 
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platinum  (ca.,  10  c.c),  and  the  outer  vessel,  .1,  Fig.  23,  is  nearly 
filled  with  cold  water,  which  is  to  be  replaced  as  it  becomes 
warmed.'  A  current  of  three  amperes  is  then  directed  through 
the  apparatus  from  B,  Fig.  23,  and  E  is  also  put  in  operation, 
the  stopcock  G  being  turned  to  deliver  into  the  reduction  tube. 
After  twenty  minutes  the  apparatus  may  be  considered  to  be 
sufficiently  purged  of  air.^  The  stopcock,  G,  is  then  turned  to 
deliver  externally,  the  generator,  E,  is  cut  out,  the  current  through 
B  is  continued  at  three  amperes,  and  the  burners,  H,  are  lighted. 
The  blank  testing  is  now  performed  by  continuing  the  current 
and  heating  for  thirty  minutes.*  The  constricted  portion  of 
the  reduction  tube  is  examined  by  holding  behind  it  a  white 
porcelain  crucible  cover.  It  should  remain  perfectly  clean.  The 
current  is  now  reduced  to  2 . 5  amperes,  the  burner,  /,  is  also  lighted 
and  the  introduction  of  the  fluid  to  be  tested,  which  should  not 
exceed  25  c.c.  in  volume,  and  should  not  contain  more  than  2 
mgm.  of  arsenic  trioxid,  is  then  begun  by  admitting  one-third  of 
it  slowly  by  the  funnel-tube,  after  which  the  bubbles  should  es- 
cape at  K,  Fig.  23,  at  the  rate  of  one  a  Second.  In  the  presence 
of  arsenic  a  deposit,  or  "  mirror"  (Fig.  27,  p.  625)  is  formed  in  the 
constriction  of  the  reduction  tube,  which  at  first,  when  thin,  is 
brown,  but  rapidly  becomes  black  and  lustrous.  Its  formation 
may  begin  in  two  minutes  or  less  after  the  first  introduction  of 
the  arsenical  solution.*     The  remainder  of  the  solution  is  in- 

'  To   prevent    the    formation    of  through  the  stopcock  the  entrance 

hydrogen    sulfid    by    reduction    of  of  air  must  be  avoided, 

sulfuric   acid,    which    occurs    when  '  It  is  presumed  that  the  chemicals 

the  generator  becomes  heated,    as  used  have  been  taken  from  stocks 

it  tends  to  do  by  resistance  to  the  whose   purity   has   been   previously 

current.     By  using  water  cooled  to  assured  by  the  analyst.     The  blank 

about   4°   the   temperature    of    the  testing   at   this   time   is   merely   to 

cathode  space   may  be  kept  down  guard   against   possible   subsequent 

to  28°,  with  an  external  temperature  contamination  (See  p.  183). 

of  23°.      ^  *  Later,    if    the    accumulation    of 

Sufficiently  so  for  toxieological  too  much  arsenic  in  a  single  mirror 

analyses,   but   when   minute   traces  be     attempted,     the     deposit     may 

of  arsenic  are  to  be  determined,  the  peel    from    the    tube.     In    spite    of 

presence  of  any  air  whatever  tends  theprecautions  taken,  a  back  current 

to^  prevent  the  formation  of  visible  is  sometimes  produced  which  causes 

mirrors  by  oxidation  of  the  arsenic.  the  formation  of  a  weak  "anterior 

in  that  event  the  purgation  should  mirror"    (see   p.    616),    i.e.,  on  the 

continue  for  at  least  an  hour.     Or  generator  side  of  H.       When  this 

I-?^^  be  saved  by  resorting  to  a  happens  the  anterior  mirror  should 

modified  apparatus  through  which  a  be  driven  through  the  still  heated 

rapid  current  of  pure  carbon  dioxid  tube  by  a  small  independent  flame, 

can  be  directed.^   It   goes    without  beginning  anterior  to  the   anterior 

saying   that    in   introducing   liquid  mirror,     and    including    the    space 
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troduced  in  two  portions  at  intervals  of  fifteen  minutes,  and  the 
last  portion  is  followed  by  5  c.c.  of  water  with  which  the  funnel 
is  rinsed  out.'  The  functioning  of  the  apparatus  is  continued 
for  thirty  to  sixty  minutes  after  the  last  addition.  From  the  be- 
ginning of  the  formation  of  the  mirror  beyond  H  the  constriction 
beyond  /  is  also  watched.  It  should  remain  clean,  and  if  the  be- 
ginning formatiorl  of  a  stain  be  observed  there,  the  current 
strength  should  be  immediately  diminished  until  the  formation 
ceases,  and  the  duration  of  the  heating  is  correspondingly  in- 
creased. The  operation  is  usually  concluded  in  two  to  three 
hours.  The  burners  at  H  are  then  extinguished,  and  the  passage 
of  the  gas  through  the  heated  tube  at  I  is  continued.  Should  any 
stain  appear  at  that  constriction  during  fifteen  minutes,  the 
generator.  B,  should  be  immediately  cut  out,  the  burners,  H,  re- 
lighted, and  the  current  turned  on  again,  and  this  should  be 
repeated  if  necessary.  Usually  the  small  tube  is  found  clean 
the  first  time.  The  mirror  is  then  sealed  in  hydrogen,  by  fusing 
the  glass  first  at  fhe  constriction  beyond  the  mirror,  and  then  in 
the  tube  in  front  of  it. 

In  the  above  description  of  the  procedure  it  is  presumed  that 
all  of  the  arsenic  introduced  into  the  generator  is  to  be  collected 
in  a  single  mirror  for  quantitative  determination.  Frequently, 
however,  such  rigorous  avoidance  of  loss  is  not  necessary;  when 
quantitative  determination  is  made  by  other  methods  (see  p.  626) 
and  the  Marsh  is  used  qualitatively  onl}-.  Solutions  containing 
up  to  2 . 5  to  3  mgm.  of  arsenic  trioxid  in  25  c.c.  may  be  introduced 
into  the  generator  and  mirrors  obtained  in  more  than  one  tube, 
some  of  which  may  be  used  for  the  application  of  the  tests 
described  on  page  615,  and  others  retained  as  exhibits,  either  in 
their  own  form  or  after  conversion  into  the  oxid.  The  reduction 
tube  may  be  changed  at  any  time  without  loss  by  cutting  out  B 
at  its  switch,  putting  E  in  operation,  G  being  turned  to  deliver 
into  the  tube,  continuing  the  heating  of  H  for  about  five  minutes, 
extinguishing  H,  removing  the  tube,  substituting  a  new  one, 

occupied    by    the    glass    rod,    the  amperes,  yielding  40  c.c.  of  gas  per 

current  being  at  the  same  time  some-  minute  mav  be  used.     This  may  be 

what    mcreased.     This    should     be  true    in    dealing   with    "traces"_  of 

done  at  the  end  of  the  operation,  arsenic  in  extremely  dilute  solution, 

imnwdiately  before  extinguishing //■.  but  if  such  procedure  be  followed 

'  Thorpe    says    that    the    entire  in  the  conditions  here  presumed  to 

solution  may  be  introduced  at  one  exist  there  will  inevitably  be  abund- 

time,    and    that    a    current    of    5  ant  loss  of  arsenic. 
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displacing  the  air  in  it  by  gas  from  E,  relighting  H,  and  then 
closing  G,  discontinuing  E,  and  resuming  B. 

When  the  amount  of  material  is  abundant  and  the  Marsh  is 
used  qualitatively,  the  silver  reaction  may  be  utilized.  The 
burners  being  extinguished,  ^  the  gas  is  allowed  to  bubble  through 
the  silver  nitrate  solution  in  it,  when  a  black  precipitate  of 
metalHc  silver  is  formed,  and  on  floating  dilute  ammonium 
hydroxid  upon  the  liquid  a  yellow  zone  of  silver  arsenite  is  pro- 
duced. Or  the  primitive  Marsh  may  be  reverted  to:  a  short  tube, 
bent  upward  and  drawn  out  to  a  fine  point,  is  substituted  for 
the  turned-down  tube  at  K,  the  current  is  increased  to  four  to 
five  amperes,  and  the  escaping  gas  is  ignited.     Crystalline  deposits 


Fig.  25. — Marsh  Apparatus. 


of  arsenic  trioxid  may  be  obtained  upon  glass  surfaces  held  above 
the  flame,  and  brown  "stains"  of  elementary  arsenic  upon  cold 
porcelain  surfaces  held  so  as  the  crush  the  flame  angularly. 
These  last  may  be  used  for  the  application  of  the  identification 
tests  described  on  page  615. 

When  the  chemical  method  of  generation  of  hydrogen  is  re- 
sorted to  a  convenient  form  of  apparatus  is  a  modification  of  that 
recommended  by  Chittenden  and  Donaldson,^  whose  method  of 
manipulation  we  also  recommend  in  the  main.  The  apparatus 
(Fig.  25)  consists  of  a  generator,  a,  made  from  a  Drexel  wash- 
bottle  of  about  250  c.c.  capacity  by  cutting  off  the  entering  tube 
and  fusing  a  blown  separatory  funnel  upon  it,  and  drawing  out 

'  With  large  amounts  of  arsenic  ^  Amer.    Chem.    Jour.,    1880-81, 

in  the  generator,  or  with  too  rapid  a      ii.,  238. 
current,  these  effects  are  produced 
while  the  burners  are  still  lighted. 
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and  bending  up  the  lower  end  of  the  tube.  The  delivery  tube  of 
the  generator  communicates  with  a  chlorid  of  calcium  tube,  b, 
which  in  turn  communicates  with  a  reduction  tube,  c  c,  and  this 
in  turn  with  an  L-tube,  d,  dipping  into  a  solution  of  silver  nitrate. 
The  chemicals  required  are:  Granulated  platinized  zinc,  made  by 
adding  a  small  quantity  of  platinum  to  arsenic-free  zinc  in 
fusion,  and  after  stirring  in  and  complete  fusion  pouring  the 
alloy  into  water.  Sulfuric  acid  of  four  degrees  of  concentration: 
No.  1,  545  c.c.  pure  concentrated  sulfuric  acid  and  5,000  c.e. 
water;  No.  2,  109  c.c.  concentrated  sulfuric  acid  and  1,640  c.c. 
acid  No.  1;  No.  3,  218  c.c.  concentrated  sulfuric  acid  and  1,640 
c.c.  acid  No.  1;  and  No.  4,  530  c.c.  concentrated  sulfuric  acid  and 
1,248  c.c.  water.' 

To  conduct  a  testing,  the  tube  h  is  charged  with  granulated 
calcium  chlorid,  enclosed  between  plugs  of  cottonwool;  25-35  gm. 
of  the  platinized  zinc  are  placed  in  the  generator,  and  the  ap- 
paratus is  connected,  a  suitable  quantity  of  silver  nitrate  solution 
being  placed  in  the  test-tube,  b,  and  the  generator  being  set  into  a 
large  beaker  or  other  vessel  filled  with  cold  water.  A  small 
quantity  of  acid  No.  2  is  now  put  into  the  separatory  funnel  and 
allowed  to  flow  upon  the  zinc,  at  first  quickly,  so  as  to  fill  the 
tube  completely  with  the  liquid,  and  afterward  more  slowly, 
until  the  apparatus  is  filled  with  hydrogen,  for  which  fifteen  to 
twenty  minutes  should  be  allowed.  The  gas  furnace  is  then  lit 
and  the  evolution  of  hydrogen  continued  for  half  an  hour  by  the 
use  of  acid  No.  2,  at  the  end  of  which  time  the  tube  beyond  its 
emergence  from  the  furnace  must  be  perfectly  free  from  any  stain 
or  deposit.^  The  liquid  supposed  to  contain  arsenic  having  been 
mixed  with  about  40  c.c.  of  acid  No.  3  and  cooled,  is  poured  into 
the  separating  funnel,  whose  stopcock  is  so  adjusted  that  the  bub- 
bles of  escaping  gas  pass  through  the  silver  solution  at  the  rate  of 
about  one  a  second.  When  the  liquid  in  the  separatory  funnel 
begins  to  run  low,  but  before  it  has  entirely  run  out,  40  c.c.  of 
acid  No.  3  are  added,  and  after  that  45  c.c.  of  acid  No.  4.  The 
entire  duration  of  the  testing  is  usually  about  four  hours. 

'  The    acids    must    have    become  from    arsenic    a    white    deposit    is 

cold    when    they   are    used.     These  formed.     This  has  been  shown  by 

dilutions  are  approximately:  1  =2X;  A^'illcox,  Lancet,    1901,    i.,    778,   to 

2  =  :3N;  3  =  4N;  4  =  (jN.  consist  of  sulfur  derived  from  traces 

^  See  Note  3,  p.  611.     Frequently  of  zinc  sulfid,  sometimes  present  in 

in   blank  testing  of   zinc   and   acid  very  pure  zinc.     It  is,  of  course,  not 

which  show  themselves  to   be  free  formed  in  the  electrolytic  method. 
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A  joint  committee  of  the  Society  of  Chemical  Industry  and 
the  Society  of  Public  Analysts  in  England,  in  order  to  secure 
uniformity  of  methods  in  the  examination  of  beer  and  brewing 
materials  have  reported'  a  form  of  apparatus  and  method  of  pro- 
cedure, in  which  the  use  of  hydrochloric  acid  and  zinc  is  pre- 
ferred. The  apparatus  and  its  operation,  although  well  suited  for 
the  purpose  for  which  they  are  intended,  are  not  adapted  to 
forensic  analyses. 

Applied  as  directed  above,  the  limit  of  delicacy  of  the  Marsh 
test  is  at  0.001  mgm.  of  elementary  arsenic;  i.e.,  that  quantity 
gives  a  just  distinguishable  mirror.  Bertrand^  with  extraordi- 
nary precautions  for  the  exclusion  of  air,  and  with  refrigeration 
of  the  tube  at  one  point,  reached  a  delicacy  of  0.0005  mgm. 
Strzyzowski,^  using  a  special  apparatus  with  a  very  small  genera- 
tor and  cooled  reduction  tubes  drawn  down  to  0.1  mm.,  and 
with  complete  exclusion  of  air,  obtained  just  visible  mirrors 
with  0.0001  mgm.  AsjOg.  Lockemann*  with  a  form  of  apparatus 
constructed  upon  like  principles  also  reached  0.0001  mgm. 

While  methods  of  this  high  degree  of  delicacy  are  desirable 
for  investigations  concerning  so-called  normal  arsenic,  and  re- 
garding the  distribution  of  arsenic  in  nature,  as  well  as  for  the 
control  of  chemicals  to  be  used  in  toxicological  analyses,  they  are, 
in  view  of  the  very  wide  distribution  of  arsenic  which  has  been 
found  to  exist,  not  only  undesirable  for  forensic  analyses,  but  be- 
come positively  dangerous  if  any  stress  be  laid  upon  the  detection 
of  these  mere  traces.  In  the  interpretation  of  results,  in  the 
light  of  recent  discoveries,  the  toxicologist  must  consider  very 
minute,  unweighable  quantities  of  arsenic  found  in  human 
viscera  as  being  quite  as  probably  of  fortuitous  as  of  criminal 
origin. 

Distinction  Between  Arsenical  and  Other  Deposits  in 
THE  Marsh. — The  gaseous  compounds  which  may  be  formed 
under  the  conditions  of  the  Marsh  generator  are  hydrogen  sulfid, 
selenid,  tellurid,  phosphid,  antimonid,  and  arsenid.  Hydrogen 
phosphid  cannot  be  formed  in  the  electrolytic  Marsh  if  a  process 
for  destruction  of  organic  matters  has  preceded,   nor  can  the 

'J.  Soc.  Chem.  Ind.,  1902,  xxi.,  77.     Ztsch.  f.  Unt.  d.  N.  u.  G.-M., 

9*-  1904,  vii.,  674. 

,  Ann.    de   I'inst.   Pasteur,    1902,  *  Ztg.     f .     angew.     Chem.,     1905, 

XVI.,  553.  xviii.,  416. 
Oesterr.  Chem.  Ztg.,  19  04,  vii., 


616  TOXICOLOGY WITTHAUS. 

liquid  introduced  under  these  conditions  contain  compounds 
from  which  hydrogen  sulfid  may  be  evolved.  Neither  phos- 
phorus nor  sulfur  forms  deposits,  even  if  present,  at  all  resembling 
those  of  arsenic.  Hydrogen  sulfid  may  be  produced  in  the  gener- 
ator, if  it  become  heated,  by  reduction  of  sulfuric  acid.  There 
is  no  danger  of  this,  however,  if  the  generator  be  kept  cool. 

The  most  important,  if  not  the  only,  origin  of  selenium  as 
a  possible  source  of  error  in  the  Marsh  is  its  occurrence  as  an  im- 
purity of  sulfuric  acid  with  which  it  may  be  carried  into  articles 
of  food  or  medicine  in  whose  preparation  the  acid  is  used  directly 
or  indirectly.  Tunnicliffe  and  Rosenheim"-  state  that  selenium  is 
not  shown  in  the  Marsh  test,  being  precipitated  in  the  generator. 
Willcox^  also  says  that  selenium  gives  no  result  in  the  Marsh 
per  se,  but  he  has  shown  that  when  present  along  with  arsenic  it 
decidedly  influences  the  mirror  produced  by  the  latter.  Much 
of  the  arsenic  is  retained  in  the  generator,  the  arsenical  mirror  is 
much  smaller  than  it  would  be  with  the  quantity  of  arsenic 
present  in  the  absence  of  selenium,  and  between  the  arsenical 
mirror  and  the  flame  a  vermilion-red  deposit  of  selenium  is 
formed.  Berry^  states  that  the  black  modification  of  selenium 
is  sometimes  deposited,  which  might  be  mistaken  for  arsenic. 
While  the  lead  acetate  paper  in  the  drying  tube  of  the  apparatus 
retains  hydrogen  selenid  as  well  as  hydrogen  sulfid,  it  is  desirable 
to  test  the  acid  used  as  directed  on  page  184,  and  to  reject 
one  which  is  impure. 

The  earliest  and  only  important  objection  raised  against  the 
Marsh  test  is  that  if  arsenic  be  absent  and  antimony  present  ap- 
pearances at  first  identical  are  produced:  mirrors  in  the  reduction 
tube,  stains  upon  porcelain,  and  a  black  deposit  in  the  silver 
solution.  The  two  substances  may  be  distinguished  with  abso- 
lute certainty:  First,  by  operating  in  such  manner  that  arsenic 
and  antimony  are  separated  during  the  preparatory  process,  as 
by  the  Meyer  fusion  (see  page  372)  or  by  Beckurt's  modification 
of  the  Schneider  and  Fyfe  method  (see  page  593). 

Second,  by  noting  certain  differences  in  the  appearances 
and  products  of  the  Marsh. 

The  arsenical  stain  is  beyond  that  part  of  the  reduction  tube 
which  was  heated.^     Antimony  forms  two  stains,  one  in  front  of 

'Lancet,  1901,  i.,  318.  '  J.  Soc.  Chem.Ind.,  1901,xx.,322. 

'  Ibid.,  p.  77S.  "SeeNoted,  p.  611. 
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the  heated  part  and  one  beyond  it.  The  external  antimonial 
stain  is  nearer  to  the  heated  part  of  the  tube  than  the  arsenical. 

The  arsenical  mirror,  if  slight,  is  brown  in  color;  if  greater 
in  quantity  it  is  black  with  a  rather  dull  metallic  lustre,  or  both 
brown  and  black  deposits  may  be  formed  with  a  large  quantity  of 
arsenic  and  a  rapid  current  of  gas.  The  antimonial  mirror  is  of  a 
brighter,  more  silvery  appearance. 

If  heated  in  a  slow  current  of  hydrogen  the  arsenical  mirror 
is  driven  along  the  tube  with  the  application  of  a  slight  degree 
of  heat,  and  without  fusion;  and  the  escaping  gas  has  the  odor 
of  garlic'  The  antimonial  mirror  requires  a  much  higher  de- 
gree of  heat  for  its  volatilization,  and  is  redeposited  nearer  to 
the  heated  point,  and  fuses  before  volatilizing.  The  escaping 
gas  is  odorless. 

If  the  arsenical  mirror  be  gently  heated  in  a  slow  current  of 
air,  it  disappears  and  is  replaced  further  along  the  tube  bj^  a 
white  deposit  consisting  entirely  of  octahedral  crystals  of  arsenic 
trioxid;  under  similar  treatment  antimony,  with  a  higher  degree 
of  heat,  is  converted  into  the  amorphous  or  crystalline  an- 
timony trioxid  or  tetroxid.     (See  Reinsch,  p.  601.) 

If  the  arsenical  mirror  be  cautiously  heated  in  a  slow  current 
of  dry  hydrogen  sulfid  it  is  converted  into  the  yellow  arsenic 
trisulfid.  Under  like  conditions  the  antimonial  mirror  is  con- 
verted into  antimony  trisulfid,  which  may  be  orange  or  black. 

Arsenical  mirrors  or  stains  disappear  by  solution  when 
moistened  with  sodium  hypochlorite  solution."  Antimonial 
stains  or  mirrors  remain  unaltered. 

Both  arsenical  and  antimonial  stains  or  mirrors  dissolve  in 
nitric  acid  (sp.  gr.  =  1.3),  and  on  evaporation  of  either  solution 
a  white  residue  remains.  If  this  be  now  moistened  with  am- 
monio-silver  nitrate  it  turns  red-brown  with  arsenic,  but  with 
antimony  remains  colorless  in  the  cold,  and  turns  black  when 
heated. 

Both  arsenical  and  antimonial  stains  and  mirrors  dissolve  in 
ammonium  sulfid  solution,  the  latter  somewhat  more  rapidly 
than  the  former.  On  evaporation  of  this  solution  arsenic  leaves 
yellow  arsenic  trisulfid,  soluble  in  ammonium  hydroxid,  insolu- 

'  The  odor  should  be   very  cau-       up  chlorid  of  lime  with  soda  solu- 
tiously  tested.  tion  and  filtering  the  faintly  alka- 

'  Made  when  required  by  rubbing      line  liquid. 
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ble  in  hydrochloric  acid;  while  antimony  leaves  the  orange  an- 
timony trisulfid,  soluble  in  hydrochloric  acid,  but  insoluble  in 
ammonium  hydroxid. 

If  an  arsenical  stain  be  exposed  to  vapor  of  iodin  it  is  grad- 
ually converted  into  the  yellow-brown  arsenic  triiodid,  whose 
color  is  discharged  when  it  is  breathed  upon,  and  if  then  the 
residue  be  moistened  with  strong  hydrogen  sulfid  solution  it 
turns  yellow.  Under  like  conditions  the  red-brown  antimony 
triiodid  is  produced,  whose  color  is  not  discharged  when  it  is 
breathed  upon,  and  is  converted  into  the  orange  antimony 
trisulfid  by  hydrogen  sulfid. 

Although  the  alteration  in  appearance  of  the  silver  solution 
is  the  same  whether  hydrogen  arsenid  or  antimonid  has  been 
passed  through  it,  the  reaction  has  been  different:  all  of  the 
arsenic  remains  in  the  solution  as  silver  arsenite,  while  all  of 
the  antimony  passes  into  the  black  deposit  as  silver  antimonid 
(See  page  376). 

4.  Gutzeit-Fluckiger  Method.' — In  the  various  modifica- 
tions of  this  method  hydrogen  arsenid  is  evolved  from  the  arseni- 
cal compound  as  in  the  Marsh  test,  but  its  presence  is  recognized 
by  its  action  upon  silver  nitrate  in  concentrated  solution,^  which 
produces  a  yellow  compound,  according  to  the  equation:  ASH3  + 
6AgN03  =  AggAsjSAgNOj-l-SHNOg,  and  this  compound  is  im- 
mediately decomposed  by  water,  with  the  deposition  of  black, 
^finely  divided  silver,  and  formation  of  arsenious  and  nitric  acids: 
*Ag3As,3AgN03+3H20  =  3Ag2-FH3As03+3HN03.5 

The  object,  suitably  prepared  if  necessary,  is  placed  in  a 
large  test-tube  or  flask,  with  a  few  pieces  of  pure  zinc  and 
diluted  hydrochloric  acid   (1:2)*  containing  enough  solution  of 

'  Pharm.  Ztg.,  1879,  263;  Arch.  f.  suggested   the  substitution  of  alu- 

Pharm.,  1889,  ccxxii.,  1.  minium  for  zinc,  and  later  Johnston 

^  In  its  earliest  form  as  suggested  (Ibid.,    1878,   xxxviii.,   301)  showed 

by  Fleitmann  (Liebig's  Ann.,   ISol,  that   with    aluminium  the  reaction 

Ixxvii.,  126)  hydrogen   arsenid  was  takes  place  with  arsenates  as  well  as 

produced   by  heating  the  arsenical  with  arsenites,  although  more  slowly, 

compound  with   finely  divided  zinc  In  these  earlier  forms  the  gases  were 

and  excess  of  caustic  potash  solution,  directed    into    dilute    silver   nitrate 

under    which    conditions    hydrogen  solution,    when   a    black   deposit  is 

antimonid  is  not  produced  from  an-  immediately     formed:    ASH3  + 

timonial     compounds.     Hager  6AgX0,  +  3H,6=  3Ag,  +  Hj-^sOsH- 

(Ztschr.  f.  an.  Chem.,   1863,  ii.,  82)  eHXO,! 

showed     that     arsenates     do     not  '  Polek  andThummel:  Ber.,  Berl., 

respond  to  the  reaction.     Gatehouse  1883,  xvi.,  2438. 

(Chem.     News,     1S73,    xxvii.,     189)  *  Or  dilute  sulfuric  acid. 
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iodin  in  potassium  iodid  to  color  it  yellow.'  A  loose  plug  of 
cotton  is  placed  above  the  liquid  in  the  tube  or  in  the  neck  of  the 
flask,  and  the  opening  is  covered  with  a  piece  of  parchment 
paper,  upon  whose  lower  surface  a  spot  has  been  made  with  a 
drop  of  concentrated  silver  solution  (1:1). 

If  arsenic  be  present  a  lemon-yellow  stain  is  produced,  which, 
if  the  exposure  be  continued,  turns  brown  and  then  black  from 
the  border  inward,  and  which  immediately  becomes  black 
when  moistened  with  water.  At  the  same  time  the  stain  as- 
sumes an  acid  reaction.  The  evolution  of  gas  should  not  be 
too  active,  lest  moisture  be  carried  up  in  spray,  when  no  yellow 
color  appears,  but  the  spot  is  immediately  blackened. 

As  thus  applied,  the  test  is  open  to  the  objection  that  the 
same  appearances  are  produced  by  hydrogen  phosphid.-  On 
the  other  hand,  hydrogen  antimonid  produces  a  stain  which 
is  not  yellow,  but  brown,  and  is  not  blackened  immediately  by 
water.^ 

To  avoid  possible  interferences  by  the  formation  of  hydrogen 
sulfid  or  phosphid  special  forms  of  apparatus  have  been  devised 
in  which  the  gas  is  caused  to  bubble  through  solutions  of  lead 
acetate  and  cuprous  chlorid,  one  or  both,  before  coming  in  con- 
tact with  the  silver  salt.^  All  possibility  of  error  from  the 
use  of  zinc  containing  phosphorus  may  be  avoided  by  generating 
the  hydrogen  electrolytically.  If  all  the  arsenic  be  previously 
reduced  to  arsenite,  an  ordinary  U-shaped  electrolytic  cell  with 
platinum  electrodes  fused  in  serves  quite  well,'  the  silvered 
paper  being  placed  upon  the  opening  over  the  negative  electrode, 
or  the  apparatus  of  Mai  and  Hurt,"  with  lead  electrodes,  may  be 
used.  Selenium  is  not  shown  by  this  test,  being  retained  in  the 
generator.' 


'To  decompose    and    retain    hy-  Ixxix.,     715;    Chem.     News,     1902, 

drogen  sulfid  if  formed.  Ixxxvi.,  3.     Gotthelf :  J.  Soc.  Chem. 

'  Phosphorus  is  frequently  present  Ind.,  1903,  xxii.,   191.     Goode  and 

as  an  impurity  of  zinc.  Parkin:    J.   Soc.   Ch.    Ind.,   1906, 

'Polek   and    Thummel:  Loc.    cit.  xxv.,    507.     The    last    named    use 

See  also  Reckleben,  Lockemann  and  magnesium    and     arsenic-free    am- 

Eckardt:  Ztschr.  f.  an.  Chem.,  1907,  monium  chlorid  in  place  of  zinc  and 

^Ivi.,  671.  acid. 

*Kirkby:  Pharm.  J.,  1901,  Ixvi,,  'See  p.  607,  Note  2. 

80;  Lancet,    1901,   i.,    336.     Tyrer:  "  See  p.  626. 

Chem.  and  Drugg.,  1901,  Iviii.,  389.  '  Tunnicliffe    and    Rosenheim: 

Bird:    Analyst,    1901,    xxvi.,    181.  Lancet,  1901,  i.,  318.    Willcox:  *id., 

Dowzard:    J.    Chem.     Soc,     1901,  778. 
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5.  Bettendorff's  Reaction.' — A  few  drops  of  a  solution  of 
stannous  chlorid  are  added  to  5  c.c.  of  fuming  hydrochloric 
acid  (sp.  gr.  at  least  1.123),  and  a  few  drops  of  the  suspected 
liquid  are  added.  If  an  arsenious  or  arsenic  compound  be  pres- 
ent a  brown-black  precipitate  is  formed,  slowly  in  the  cold, 
rapidly  when  heat  is  applied.  Bettendorff  claims  for  this  test  a 
delicacy  of  1  mgm.  in  a  dilution  of  500,000.  Antimony  is  not 
similarly  reduced. 

Ferraro  and  Carrobio^  modify  the  method  as  follows:  The 
solution  under  examination  is  placed  in  a  test-tube  with  2  to 
4  cgm.  of  tin  and -ten  to  twelve  drops  of  concentrated  hydro- 
chloric acid,  and  the  mixture  warmed.  With  arsenic  brown-red 
rings  are  formed,  which  disappear  on  stronger  heating,  with 
formation  of  a  black  precipitate,  and  evolution  of  hydrogen 
arsenid.  With  antimony  a  black  precipitate  is  formed  im- 
mediately, but  the  liquid  above  is  not  colored. 

6.  Schlikum's  Reaction.^ — From  0.3  to  0.4  gm.  of  stan- 
nous chlorid  is  dissolved  in  3  to  4  gm.  of  pure  hydrochloric 
acid  and  a  very  minute  fragment  (0.01  to  0.02  gm.)  of  sodium 
sulfite  added.  The  liquid  to  be  examined  is  floated  upon  this 
test  liquor  and  the  test-tube  placed  in  warm  water.  In  the 
presence  of  arsenic  a  yellow  band  (of  arsenic  trisulfid)  is  formed 
at  the  junction  of  the  layers. 

7.  Biochemical  Reaction.  Gosio's  Method. — It  has  long 
been  known  that  during  the  growth  of  moulds  in  presence  of  ar- 
senical compounds  a  volatile  substance  having  a  characteristic 
garlic-like  odor  is  evolved.*  Gosio^  found  that  the  most  active 
species  in  this  regard  is  Penicillium  brevicaide,  and  based  upon 
its  activity  a  qualitative  test  for  arsenic  of  great  delicacy." 

To  obtain  the  pure  culture  of  the  mould  discs  of  raw  potato 
are  placed  upon  moist  cotton-wool  in  a  test-tube,  which  is  then 
closed  with  a  cotton-wool  plug  and  immersed  in  water  which  is 
boiled  and  allowed  to  cool.  This  sterilization  is  repeated  upon 
three  successive  days.     Or  the  tubes  may  be  sterilized  by  twenty. 

1  Ztschr.  f.  Chem.,  1869,  2  R.,  v.,  253;    Berichte,    Berl.,    1896,   xxix., 

492.  2728;  1897,  xxx.,  1024. 

'  Ztsohr.  f.  an.  Chem.,  1907,  xlvi.,  »  Scholtz:   Berl.  klin.  Wchnschr., 

477.  1899,    xxxvi.,    913,    obtained   affir- 

^  Pharm.  Ztg.,  1885,  xxx.,  465.  mative   results   with   this  reaction, 

*  See  p.  582.  when  the  Marsh  failed. 

=  Arch.  ital.  de  bid.,   1892,  xviii., 
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minutes'  heating  in  the  autoclave  at  115°.  The  spores  are  sown 
upon  the  sterihzed  medium  with  the  usual  precautions  and  by 
a  platinum  loop.  In  from  eight  to  fourteen  days  at  30°  the 
mould  has  grown  to  a  snow-white,  cotton-like  mass.  The  test- 
ing is  performed  by  mixing  about  5  gm.  of  the  substance  to  be 
examined  with  10  gm.  of  rasped  raw  potato  and  a  little  water, 
sterilizing  the  mixture  in  a  test-tube,  adding  spores  of  the  mould 
after  cooling,  and  maintaining  the  tube,  closed  with  a  cotton- 
wool plug,  at  32°  to  37°  C.  In  the  presence  of  arsenic  a  more  or  less 
intense  garlic-like  odor  is  evolved  in  twelve  to  seventy-two 
hours. 

The  procedure  has  been  somewhat  modified  by  others. 
Abba'  places  the  material  to  be  examined  in  excavations  in 
discs  of  potato,  contained  in  Petri's  capsules,  sterilizes  for 
twenty  minutes  at  115°  in  the  autoclave,  and,  after  cooling, 
adds  0.5  c.c.  of  sterilized  water  holding  the  spores  in  suspension 
to  each  excavation.  Abel  and  Buttenberg^  place  the  material  in 
a  flask  with  about  double  the  quantity  of  rye  bread  crumbs. 
The  flask,  with  cotton-wool  plug,  is  sterilized  ten  to  thirty 
minutes  at  one  to  one  and  one-half  atmospheres'  pressure.  After 
cooling,  sterihzed  water  holding  the  pure  culture  on  potato  is 
added,  and  the  fiask,  closed  with  cotton-wool  plug  and  rubber 
cap,  is  maintained  at  35°.  By  this  modification  0.00001  gm. 
AsjOs  is  readily  detected,  and  frequently  0.000001  gm.  Baumert^ 
sterilizes  30  to  50  gm.  of  the  material  in  an  Erlenmeyer  flask, 
closed  with  cotton-wool  plug,  by  immersion  in  water  and  boiling 
and  coohng  on  five  successive  days,  drops  in  the  potato  disc  with 
the  culture  from  its  test-tube,  with  suitable  precautions,  agitates, 
and  allows  to  stand  at  room  temperature  or  in  the  thermostat. 
Whatever  method  is  followed,  two  controls  are  carried  on  with 
potato  at  the  same  time,  one  with  and  the  other  without  added 
arsenic. 

P.  brevicaule  also  evolves  odorous  volatile  substances  from 
compounds  of  selenium  and  tellurium.  Those  from  selenium 
have  not  the  garlic-like  odor  of  the  arsenical  compound,  but 
possess  an  odor  resembhng  that  of  skatole.     Those  from  tel- 

.    'Bakt.  Centrbl.,   2te   Abt.,  1898,  449.     See  also  Ziemke:  Vrtljschr.  f. 

IV.,  806;  Beriohte,  Berl.,  1893,  xxvi.,  ger.  Med.,  1902,  3  F.,  xxiii.,  57. 

831.  3  ztschr.  f.  Wissench,  1898,  Ixxi., 

'Ztsehr.    f.    Hyg.,    1899,    xxxii.,  457. 
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lurium  have  the  same  odor  as  those  from  arsenic'     Tellurium 
compounds  are,  however,  of  exceptional  occurrence.^ 

The.  advantages  of  this  method  are  that  it  may  be  conducted 
with  ease  and  rapidity  with  any  kind  of  material,  liquid  or  solid, 
without  any  preliminary  preparation  other  than  the  sterihzation, 
and  that  no  chemicals  whatever  are  added.  It  should  always  be 
resorted  to,  therefore,  in  forensic  cases  to  set  at  rest  any  possible 
doubt  of  the  purity  of  chemicals.  It  cannot  be  relied  upon  ex- 
clusively, however,  but  must  be  confirmed  by  chemical  tests. 
Of  all  the  human  senses  that  of  smell  is  the  least  educated  and  the 
least  reliable.  As  Kunkel  says^  in  this  connection:  "Man  is  not 
a  smelling,  but  a  seeing  animal." 

8.  Justus'  Method.* — By  this  method  the  presence  of  de- 
posited arsenic  may  be  demonstrated  in  the  tissues.  The  tissue 
is  fixed  in  four  per  cent,  formalin  for  one  to  two  days;  washed 
with  water;  placed  in  neutral  solution  of  hydrogen  sulfid  at 
seventy  to  eighty  degrees  for  three  to  four  days ;  washed  with  in- 
creasing alcohol;  imbedded  in  celloidin  and  sectioned;  placed  in 
five  to  ten  per  cent,  hydrochloric  acid  for  ten  to  twenty  minutes; 
washed  repeatedly  with  water;  stained;  cleared  in  carbolxylol, 
and  mounted  in  balsam.  With  low  powers  arsenic  trisulfid  ap- 
pears as  a  yellow  coloration,  which  with  higher  powers  is  found 
to  consist  of  closely  aggregated,  light  yellow,  shining  granules  or 
flakes.  Previous  to  the  staining  the  nature  of  the  yellow  deposit 
may  be  proven  by  its  insolubility  in  dilute  hydrochloric  acid, 
and  by  its  solubility  in  ammonium  carbonate  and  precipitation 
therefrom  by  dilute  acid. 

9.  Ammonio-silver  nitrate^  produces  in  neutral  solutions 
of  arsenites  or  in  aqueous  solutions  of  arsenious  acid  a  pale  yel- 
low precipitate  of  silver  arsenite,  soluble  in  acids  and  alkahes, 
and  not  formed  in  their  presence.  The  same  reagent  under  Hke 
conditions  produces  a  brown-red  precipitate  of  silver  arsenate  in 
solutions  of  arsenates. 

'Maasen:  Arb.  d.  Kais.  Gesund-  *  Dermat.  Ztschr.,  1905,  xii.,  277. 

heitsamts,        1902,        xviii.,        47.').  See  also  p.  501. 

Rosenheim:  Proc.  Chem.  Soc,  1902,  =  Prepared  by  cautiously  adding 

xviii.^  138.  dilute  ammonium  hydroxid  to  a  so- 

^  Bismuth  compounds  may  contain  lution  of  silver  nitrate  until  a  very 

tracesof  tellurium  (Reisert:  Arch.  d.  small    quantity    of    the    precipitate 

Pharm.,  1884,  ccxxii.,  514).  \\-liich  forms  at  first  remains  undis- 

'  Ztschr.  f.  physiol.  Chem.,  1905,  solved, 
xliv.,  529. 
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10.  Ammonio-cupric  sulfate^  produces  in  solutions  of  ar- 
senious  acid  or  of  arsenites  a  green,  amorphous  precipitate  of 
cupric  arsenite;  which  is  readily  soluble  in  ammonium  hydro xid 
or  in  free  acids. 

11.  The  reduction  test  is  only  appHcable  to  dry  powders  in 
the  absence  of  organic  matter.  The  sohd  is  placed  at  the  point  a  of 
the  closed  reduction  tube  (Fig.  26),  and  above  it  at  6  a  splinter  of 
recently  ignited  charcoal;  b  is  first  heated  to  redness,  then  a; 
the  vapor  of  arsenic  trioxid,  in  passing  over  the  hot  charcoal,  is 
reduced,  and  elementary  arsenic  is  deposited  at  c  as  a  "mirror." 
The  tube  may  then  be  cut  between  a  and  c,  the  larger  piece,  held 


Fig.  26. — Reduction  test  for  arsenic. 

with  its  wider  end  slightly  elevated,  and  the  mirror  gently 
heated  in  the  flame,  when  the  deposit  is  volatilized,  the  odor  of 
garlic  is  observed,  and  bright  octahedral  crystals  are  deposited  in 
the  tube  above. 

Quantitative  Determination  of  Arsenic— Different  meth- 
ods must  be  resorted  to  according  as  the  quantities  to  be  deter- 
mined are  small  or  large. 

■  With  very  small  quantities,  below  0.02  mgm.,  the  method  by 
comparison  of  the  Marsh  mirror  with  "standard  mirrors"  is 
practically  the  only  one  available.  With  quantities  greater 
than  0.02  mgm.  of  AS2O3  the  mirrors  become  too  dense  for  ac- 
curate comparison.  With  the  ordinary  Marsh,  as  described 
above,  the  lower  limit  is  0 .  001  mgm.,  while  with  the  modifications 
of  Bertrand,  Strzyzowski,  and  Lockemann^  as  small  a  quantity 

'Prepared  with  cupric  sulfate  so-  "  See  p.  615. 

lution  and  ammonium  hydroxid  in 
tne  same  manner  as  No.  9. 
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as  0.0001  mgm.  gives  a  visible  mirror.  Where  small  quantities 
of  arsenic  are  to  be  sought  for  in  organic  material,  this  should  be 
destroyed  by  one  of  the  direct  acid  methods,  such  as  those  of 
Gautier,  Chittenden,  and  Donaldson,  etc.,'  rather  than  by  the 
method  of  Fresenius  and  v.  Babo,  or  other  method  involving 
precipitation  by  hydrogen  sulfid.  In  no  event  is  organic  matter 
to  be  introduced  into  the  Marsh  generator. 

To  prepare  the  standard  mirrors,  as  directed  by  the  British 
Joint, Commission,^  a  hydrochloric  acid  solution  of  arsenic  tri- 
oxid  containing  in  each  c.c.  0.001  mgm.  AsjOjis  prepared  by 
diluting  a  stronger  solution  with  distilled  water.  Mirrors  are 
obtained  with  2,  4,  6,  8,  and  10  c.c.  of  this  solution  (0.002,  0.004, 
0.006,  0.008,  and  0.01  mgm.  AsjOj)  in  the  manner  described  on 
page  610,  sealed  in  hydrogen,  properly  marked,  and  mounted  on 
a  white  card  or  porcelain  slip.  Although  in  an  atmosphere  of 
hydrogen  the  mirrors  suffer  little  change,  it  is  best  that  they 
should  be  prepared  when  the  determination  is  made.  In  any 
event  they  must  be  prepared  under  precisely  those  conditions 
under  which  the  unknown  mirrors  are  produced.  Fig.  27  is  a 
reproduction  of  mirrors  obtained  in  the  electrolytic  apparatus 
previously  described,  with  silver  electrodes,  25  c.c.  of  solution, 
and  two  hours'  heating.^ 

The  Marsh  may  also  be  used  to  determine  larger  quantities 
of  arsenic  gravimetrically.  The  inferior  limit  of  such  determina- 
tions is  fixed  by  the  delicacy  of  balances  capable  of  weighing  up 
to  about  one  gram.  With  this  load  assay  balances  are  sensitive 
to  0.01  mgm.,  and  the  microbalance  of  Nernst  and  Riesenfeld* 
is  still  more  delicate.  The  superior  limit  is  the  quantity  of 
arsenic  which  can  be  collected  without  loss  in  a  Marsh  mirror 
within  a  reasonable  time.  With  the  form  of  apparatus  de- 
scribed on  page  607  this  limit  is  at  2  mgm.  with  four  hours' 
heating. 

Polenske''  has  described  a  form  of  apparatus  and  method  of 
procedure  for  which  a   capacity    of    5    mgm.    is    claimed,   but 

'  See  pp.  189,  594.  Ind.,     1901,     xx.,     207.     Ackroyd: 

^J.  Soc.  Chem.  Ind.,   1902,  xxi.,  Ibid.,    1902,  xxi.,   901.     Thorpe:  J. 

O-l-  Chem.  Soc.,  1903,  Ixxxiii.,  974. 

'See  also  Draper:  Amer.  Chemist,  *  Berichte,     Berl.,    1903,    xxxvi., 

1S72,  ii.,  456.     Gautier:   Bull.  Soc.  2086. 

Cliim.,    1875,    xxiv.,    250.     Sanger:  ^  Arb.  d.  Kais.  Gesundheitsamts, 

Proc.  Am.  Ac.  Arts  and  Sc,   1891,  1889,  v.,  357. 

xxvi.,  24.     Scudder:  .J.  Soc.  Chem. 
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Tig.  27.— Marsh  "mirrors"—!.  Blank;  2.  .001  mgm.  AS.O3;  3.  003 
mgm.;  4.  .005  mgm.;  5.  .008  mgm.;  6.  .010  mgm.;  7.  .012  mgm.;  8.  .014 
mgm.;  9.  .016  mgm.;  10.  .02.  mgm. 
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which  the  author  himself  "damns  with  faint  praise"  by  showing 
that  it  is  accurate  to  a  maximum  loss  of  ten  per  cent,  of  the 
arsenic  present  with  about  2  mgm.  Kuhn  and  Saeger'  have  de- 
scribed a  magnified  Marsh  apparatus,  with  a  generator  of  400  c.c. 
capacity,  and  a  reduction  tube  1  to  1 . 2  cm.  in  internal  diameter, 
and  165  cm.  long,  of  which  80  cm.  are  heated,  in  which  it  is 
claimed  that  80  to  90  mgm.  of  arsenic  may  be  determined  with  a 
maximum  error  of  three  per  cent. 

For  gravimetric  determinations  by  the  Marsh,  after  complete 
formation  of  the  mirror  the  tube  is  cut  at  safe  distances  from 
the  deposit,  and  the  section  containing  the  arsenic  is  weighed 
immediately.  The  mirror  is  then  removed  by  heat  or,  pref- 
erably, is  dissolved  out  by  nitric  acid,  and  the  cold  and  dry  tube 
is  again  weighed.  The  difference  between  the  two  weighings  is 
the  weight  of  elementary  arsenic,  which,  multiphed  by  1.32, 
gives  the  amount  of  arsenic  trioxid.^ 

The  method  of  Mai  and  Hurt^  is  essentially  an  electrolytic 
Gutzeit  adapted  for  quantitative  determination.  Organic  sub- 
stances are  previously  desti'oyed  by  Mai's  method:*  The  finely 
hashed  material  is  freed  from  alcohol  and  dried  over  the  water- 
bath  in  a  porcelain  capsule.  The  residue  is  again  subdivided  if 
necessary;  an  equal  weight  of  fuming  nitric  acid  containing  five 
per  cent,  sulfuric  acid  is  added;  and  the  whole  heated  on  the 
water-bath  to  complete  fluiditJ^  The  fluid  is  transferred  to  a 
smaller  capsule  and  heated,  first  on  the  sand-bath  and  then 
over  the  free  fire  until  the  acid  is  all  expelled,  and  a  hard,  glassy 
coal  remains.  This  is  removed  and  powdered;  put  into  a  round 
Jena  flask  with  five  to  six  times  its  weight  of  hydrochloric  acid, 
sp.  gr.  r.  19,  and  one-third  the  volume  distilled  off  with  a  good  con- 
denser. The  distillate  is  treated  with  one-fourth  its  volume  of  fum- 
ing nitric  acid,  concentrated  over  the  water-bath  in  a  porcelain 
dish  almost  to  dryness,  and  the  residue  heated  with  sulfuric  acid 
until  white  fumes  appear.  The  cooled  liquid,  which  should  not  ex- 
ceed 10  c.c,  is  introduced  into  the  funnel,  d,  of  the  apparatus 
(Fig.  28)  after  the  purity  of  its  contents  has  been  demonstrated  by 
a  blank  testing.  The  apparatus  consists  of  the  U-shaped 
electrolytic  cell,  ^1;  a  tube,  g,  containing  fragments  of  pumice 

'  Berichtc,      Berl.,     1890,     xxiii.,  ^  Ztschr.     f.  Unt.    d.     Nahr.-  u. 

17!)S.  Genussmit.,  1905,  ix.,  193. 

"  See  also  Johnson  and  Donaldson;  *  Ibid.,  1905,  x.,  290. 
Araer.  Chem.  J.,  lSSO-81,  ii.,  235. 
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saturated  with  lead  acetate  solution  to  retain  traces  of  hydrogen 
sulfid;  and  the  modified  Mayrhofer  absorption  bulb,  B.  The 
electrodes,  a  (anode)  and  e  (cathode),  are  of  pure  lead,  1  to  2  mm. 
thick,  and  narrowed  to  rods  5  mm.  in  diameter,  cemented  into 
the  glass  tubes,  h.  A  little  water  is  placed  in  the  lower  bend  of 
the  tube,  c,  which  permits  of  the  escape  of  the  oxygen.  The 
cell,  A,  is  charged  with  twelve  per  cent,  sulfuric  acid  to  the  extent 
shown  in  the  cut,  and  the  bulb,  B,  with  10  c.c.  1/100  N.  silver 
nitrate  solution.     The  current  used  is  derived  from  a  110-volt 


Pig.  28. — Electrolytic  Gutzeit  apparatus  of  Mai  and  Hurt. 
One-fourth  natural  size. 


direct  fighting  circuit,  regulated  by  a  water  rheostat  to  6  to  8 
volts  and  2  to  3  amperes.  After  a  blank  testing  of  an  hour's 
duration,  the  silver  solution  having  remained  colorless,  the  un- 
known fiquid  is  placed  in  d  and  admitted  as  slowly  as  possible, 
the  funnel-tube  being  afterward  washed  in  with  a  little  water.  The 
operation  is  complete  in  two  to  three  hours.  The  reaction  in  the 
silver  solution  takes  place  according  to  the  equation:  AsHj-f- 
6AgN03-^3H20  =  As(OH)3  +  6Ag-^6HN03.  After  the  electro- 
lysis is  completed  the  silver  solution  is  poured  off  through  a 
smaU  asbestos  filter,  the  bulbs  and  filter  washed  in  with  3  to  4  c.c. 
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water,  and  the  silver  titrated  back,  according  to  Mayrhofer, 
with  1/100  normal  thiocyanate:  1  c.c.  of  1/100  N.  silver  solution 
used  represents  0.125  mgm.  As,  or  0.1916  mgm.  AsjOj.  The 
lower  limit  of  the  method  is  0 .  02  mgm.  As. 

The  method  of  Frerichs  and  Rodenberg'  is  based  upon  the 

same  reactions  and  differs  only  in 
the  form  of  the  electrolytic  cell, 
which  is  shown  in  Fig.  29.  The 
cathode  space  consists  of  a  glass 
tube,  b,  cemented  into  a  porous 
clay  cell  3  to  4  cm.  in  diameter, 
and  5  cm.  deep,  which  rests  upon 
inward  projections  of  the  lead 
anode  d.  The  cathode,  a,  is  also  of 
pure  lead  cemented  into  a  glass 
tube.  In  this  generator  with  a 
current  of  2  to  3  amperes  and 
sixteen  volts,  20  mgm.  of  AsjOj 
are  quantitatively  converted  into 
AsHj  in  half  an  hour. 

Sanger  and  Black^  have  also 
adapted  the  Gutzeit  reaction  to 
quantitative  determination,  using 
comparison  standards. 

Attempts  have  been  made^  to 
ultilize  the  Reinsch  test*  quantita- 
tively, but  the  results  are  not  satis- 
factory. 

Large  quantities  of  arsenic  are 
best  determined  as  magnesium 
pyroarsenate.'  The  solution  con- 
taining all  the  arsenic  in  the 
shape  of  arsenate,  as  the  solution  after  the  Meyer  fusion  (p.  195) 
is  rendered  faintly  ammoniacal  and  treated,  guttatim,  with 
magnesia  mixture  and  with  sufficient  ammonium  hydroxid  solu- 
tion (0.96)  to  constitute  one-fifth  of  the  total  volume.     After 

'Arch.  d.  Pharm.,   1905,  ccxliii.,  '  Cowley  and  Catford:  Pharm.  J., 

348.  1904,  4  s.,  xix.,  S97. 

U.  Soe.  Chem.  Ind.,  1907,  xxvi.,  *  See  p.  599. 

1115.  'virgili:     Ztschr.    f.   an.    Chem.. 

1905,  xliv.,  492. 


Fig.  29.— Electrolytic  cell  of 
Frerichs  and  Rodenberg.  One- 
fourth  natural  size. 
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twenty-four  hours'  standing  in  a  corked  flask,  the  hquid  is  de- 
canted through  a  filter,'and  the  precipitate  washed  with  dilute  am- 
monia (1  to  3).  The  precipitate  is  then  dissolved  from  the  filter 
with  dilute  nitric  acid  (equal  parts  of  HNOg,  sp.  gr.  1 . 2  and  water), 
and  the  solution  first  concentrated  to  small  bulk  and  finally  evapo- 
rated to  dryness,  with  the  hot  wash-water,  in  a  weighed  porcelain 
crucible.  The  covered  crucible  and  contents  are  heated  for 
twenty  minutes  with  a  small  flame,  and  finally  ten  minutes  to 
bright  redness,  cooled,  and  weighed.  The  weight  of  MgjAsjOyX 
0.4828  =  As;  or  X0.6372  =  As^Oj. 

Ducru'  has  recommended  a  method  based  upon  the  complete 
precipitation  of  arsenic  by  cobalt  salts  from  solutions  containing 
ammonia  and  ammoniacal  salts.  The  reagents  required  are: 
1.  Solution  of  cobaltous  chlorid,  CoClj,  containing  75  gm.  to 
the  litre;  0.10  c.c.  are  taken  for  100  mgm.  As.  2.  Solution  of 
ammonium  acetate  made  by  saturating  forty  per  cent,  acetic 
acid  with  twenty  per  cent,  ammonium  hydroxid  to  beginning 
alkalinity  (litmus).  The  necessary  amount  of  No.  1  is  placed 
in  an  Erlenmeyer  flask  with  an  equal  volume  of  No.  2  and  three 
volumes  of  twenty  per  cent,  ammonia.  The  arsenical  solution 
is  then  added,  and  the  mixture  heated  on  the  water-bath.  After  ' 
complete  precipitation  the  flask  is  cooled,  and  after  a  few  hours 
the  precipitate  is  collected  on  a  weighed  filter,  washed  with  cold 
water,  and  dried  at  100°  to  constant  weight.  The  weight  of  the 
precipitate,  (AsOJXog  +  NHg  +  yH^OX  0.2508  =  As,  or  X  0.3310 

=  AS203. 

Or  arsenic  may  be  determined  gravimetrically  as  the  penta- 
sulfidby  Bunsen's  method,-  or  volumetrically  by  Mohr's,^  Bern- 
stein's,* Mayrhofer's,^  or  Kuhling's"  methods. 

'C.  r.  Ac.  So.,  1901,  cxxxi.,  886.  ■'"Ueber    Arsenwasserstoffgas," 

^Fresenius:   "Quant.   Anal.,"  6te  etc..  Diss.,  Rostock,  1870. 

Aufl.,   367   et   seq.     The    directions  "  Pharm.   Centralh.,    1889,   n.   F., 

must^  be  strictly  followed,  and  the  x.,  387. 

washings  are  tedious  and  uncertain.  "  Berichte,     Berl.,     1901,    xxxiv., 

'"Titrirmethode,"  3te  Aufl.,  275.  404. 
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PHOSPHORUS. 

Elementary  phosphorus  is  known  in  four  different  allotropic 
modifications.  Of  these  two,  the  black  and  white  varieties,  are 
only  formed  in  small  quantity  or  under  exceptional  conditions 
and  are  not  met  with  in  commerce.  The  forms  commonly  used 
are  the  yellow  and  the  red. 

Yellow  phosphorus,  ordinary  or  crystallizable  phosphorus,  is 
sold  in  sticks  about  1.5  cm.  in  diameter  and  20  cm.  long,  which 
must  be  preserved  under  water.  When  freshly  prepared  it  is 
colorless  and  translucent,  but  is  soon  rendered  yellow  and  opaque 
by  light,  which,  by  its  continued  action,  produces  a  film  of  the 
white  variety  upon  the  surface.  It  has  the'  consistence  of  wax, 
being  brittle  when  cold,  softens  when  warmed,  and  fuses  at  44 . 3° 
(111.7°  F.).  If  heated  in  an  atmosphere  incapable  of  acting 
upon  it  chemically  it  boils  at  290°  (554°  F.),  being  converted  into 
a  colorless  vapor.  It  volatilizes  at  much  lower  temperatures, 
and  water  boiled  upon  it  gives  off  steam  charged  with  its  vapor. 
When  exposed  to  the  air  it  gives  off  white  fumes  and  produces 
ozone.  It  is  luminous  in  the  dark.  It  gives  off  a  pungent  odor, 
particularly  when  heated,  which  reminds  one  of  the  combined 
odors  of  garlic  and  ozone.  It  has  a  disagreeable,  garlic-Hke 
taste. 

Phosphorus  is  generally  considered  as  insoluble  in  water. 
Its  insolubility  is,  however,  not  absolute,  as  it  has  been  shown 
by  the  experiments  of  Vohl^  and  of  v.  Bamberger^  to  diffuse  in  an 
unoxidized  form  with  air-free  water,  through  an  animal 
membrane.  The  amount  dissolved  is,  however,  extremely  small, 
being  estimated  by  Hartmann^  at  0.000227  gm.  in  100  gm.  of 
water.  A  much  larger  proportion  may  be  present  in  water, 
suspended  in  a  finely  divided  condition;  at  all  events,  water 
which  has  stood  over  phosphorus  is  luminous  in  the  dark  and 
has  the  odor  of  phosphorus.  According  to  Hartmann*  phos- 
phorus is  much  more  soluble  in  bile  than  in  water,  100  gm. 
dissolving  as  much  as  0.02996  gm.     It  is  soluble  in  absolute 

'Berl.kl.Wchnschr.,  1865, ii., 336.  'See   also:  Kohlmann:  Ztschr.  f. 

^Wurzb.  mad.  Ztschr.,  1866,  vii.,      off.  Chem.,  1901,  501. 
41-  '  Diss.,  Dorpat,  1866. 
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alcohol  to  the  extent  of  1  part  in  350;  in  80  parts  of  absolute 
ether;  in  25  of  chloroform,  and  in  50  parts  of  a  fixed  oil.  It 
dissolves  abundantly  in  carbon  disulfid,  sulfur  chlorid,  phos- 
phorus trichlorid,  and  volatile  oils.  On  evaporation  of  its  solu- 
tions it  crystallizes  in  octahedra  or  dodecahedra. 

Of  the  physical  properties  of  yellow  phosphorus,  which  is  the 
only  modification  which  is  poisonous,  the  odor,  taste,  luminosity, 
and  solubility  are  particularly  of  toxicological  interest.  Nu- 
merous cases  are  on  record  in  which  the  attention  of  the  intended 
victim  has  been  attracted  by  one  of  the  first  three  qualities  named. 
Indeed,  the  earUest  recorded  instance  of  attempted  homi- 
cide by  phosphorus'  was  unsuccessful  because  the  man  went  in 
the  dark  to  get  a  soup  which  his  wife  had  prepared  with  rat 
poison  for  his  use,  and,  observing  its  luminous  appearance  and 
its  very  pungent  odor,  submitted  it  to  the  authorities  for  exam- 
ination" in  place  of  eating  it. 

Yet  neither  the  odor,  taste,  nor  luminosity  is  to  be  depended 
upon  to  reveal  the  presence  of  phosphorus.  All  of  these  charac- 
ters may  be  absent  or  very  much  diminished  in  intensity.  Phos- 
phorus is  not  luminous  in  the  presence  of  alcohol,  and  its  taste 
and  odor  are  readily  masked,  and  the  former  is  common  to 
many  substances.  Consequently  if  the  poison  be  mixed  with  an 
alcohoHc  drink  this  will  not  be  rendered  phosphorescent,  and  if 
the  beverage  be  one  of  marked  taste  and  odor,  such  as  rum,  the 
phosphorus  taste  and  odor  become  too  faint  to  be  particularly 
noticeable.^  On  the  other  hand,  phosphorescence  may  be  ob- 
served in  the  absence  of  phosphorus.  We  have  frequently  ob- 
served this  appearance  most  brilliantly  in  pieces  of  meat  in 
which  putrefaction  had  not  advanced  sufficiently  to  develop  any 
odor  or  other  appearance  of  taint;  and  such  meat  has  been  the 
cause  of  false  accusation  of  poisoning  honestly  made,  when  an  an- 
alysis has  demonstrated  the  absence  of  any  trace  of  phosphorus. 
As  this  phosphorescence  is  caused  by  bacteria,  it  is  not  interfered 
with  by  vapor  of  turpentine,  but  is  arrested  by  washing  with  an 
antiseptic  solution.  ^ 

Notwithstanding  the  strong  and  characteristic  odor  and 
taste  of  phosphorus,  it  is  possible  that  it  may  be  taken  uncon- 

'  In  Germany  in  1838.    Schneider:  ments    quoted    by    Schuchardt    in 

Ann.   d.   Staatsarznk.,  1839,  iv.,    2  Maschka:   "Handb.   d.   ger.   Med.," 

Hft    205.  ii.,  184. 

oee    also   Dannenberg's   experi-  ^  See  also  Kohlmann:  Loc.  cti. 
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sciously  by  normal  adults  when  mixed  with  ordinary  food 
articles.  Thus  Marer  has  reported  a  Hungarian  double  homicide 
in  which  two  men  in  the  full  possession  of  their  faculties  ate 
of  a  dish  of  freshly  gathered  beans,  cooked  with  meal  and  lard, 
and  containing  match  heads,  without  detecting  any  .suspicious 
taste  or  odor,  even  after  their  attention  had  been  called  to  a  taste, 
which  was  considered  by  another  as  resembling  that  of  matches. 
The  symptoms  characteristic  of  phosphorus  poisoning  were  also 
delayed  in  both  men  in  such  manner  that  two  attending  physi- 
cians declared  against  phosphorus  poisoning,  and  it  was  only 
by  the  effects  observed  on  the  last  days  and  the  very  character- 
istic lesions  found  at  the  autopsy  that  the  cause  of  death  was 
recognised.' 

It  may  be  claimed  that  phosphorus  cannot  be  given  in 
aqueous  or  alcoholic  liquids  by  reason  of  its  extremely  slight 
solubility  therein.  It  is  proved,  however,  by  a  great  number 
of  suicidal  deaths  from  phosphorus  so  taken  that  water  by 
mere  contact  (and  more  rapidly  and  completely  if  warm  than  if 
cold)  may  take  up  sufficient  of  the  poison,  whether  it  be  in  solu- 
tion or  suspension,  to  cause  the  death  of  an  adult.  It  will  be 
taken  up  still  more  readily  by  liquids  such  as  soup,  coffee,  and 
tea,  which  are  swallowed  warm,  and  its  true  solution  will  be 
favored  by  the  presence  of  liquid  fats  or  oils. 

The  most  notable  chemical  character  of  phosphorus  is  the 
facility  with  which  it  combines  with  oxygen,  the  yellow  modi-  . 
fication  much  more  readily  than  the  red.  The  former  ignites  in 
air  at  60°  (140°  F.)  and  burns  with  a  bright  flame,  giving  off 
dense  white  fumes  so  long  as  any  oxygen  remains.  When 
finely  divided  it  bursts  into  flame  by  the  heat  of  its  own  oxidation. 

The  use  of  yellow  phosphorus  as  a  medicine  was  suggested 
by  Kunkel  (about  1721),  who  was  the  first  to  pubHsh  the  method 
of  its  preparation  in  1678.^  During  the  latter  part  of  the  eigh- 
teenth century  it  seems  to  have  been  extensively  used  as  a 
medicine,  and  is  said  to  have  been  administered  in  doses  of  one 
or  two  grains  (!).  At  the  present  time  it  is  used  medicinally  in 
doses  of  0.0006  gm.  {-^^-^  gr.)  in  the  form  of  Pilulce  Phosphori, 
U.  S.  P.    The  N.  Form,  recognises  the  Oleum  Phosphoratum,  a  so- 

'  AUg.  Wien.  med.  Ztg.,  1899,  xliv.,  =  Brandt  had  previously  obtained 

443,  454,  465,  477,  489.  phosphorus  in  1669,   but  kept  the 

process  secret. 
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lution  in  almond  oil,  the  Spiritus  Phosphori,  an  alcoholic  solution 
of  0.0012  gm.  per  c.c,  the  Elixir  Phosphori,  a  sweetened  alcoholic 
solution  of  0.00025  gm.  per  c.c,  the  Elixir  Phosphori  ct  Niicis 
Vomica:,  of  the  same  phosphorus-content,  and  Thompson's 
solution:  Liquor  Phosphori,  a  solution  in  alcohol  and  glycerol  of 
0.0007  gm.  per  c.c.  Glover's  chloroformum  phosphoratum  is  said 
to  be  a  solution  of  1  part  of  phosphorus  in  40  of  chloroform. 
In  France  a  phosphorized  oil,  1:1000,  and  a  phosphorized  cod- 
liver  oil,  1:10,000  are  used,  and  fatal  poisoning  has  resulted  from 
error  in  writing  or  compounding  prescriptions.*- 

The  principal  use  of  phosphorus  is  in  the  manufacture  of 
sulfur  matches,  which  are  tipped  with  a  paste  containing  phos- 
phorus, glue,  an  oxidizing  agent,  and  some  pigment.  The  quan- 
tity of  phosphorus  in  match  heads  varies  greatly.  In  Germany 
the  proportion  of  phosphorus  in  the  paste  was  formerly  limited 
by  law  to  ten  per  cent.,  yet  this  proportion  was  frequently 
exceeded  and  increased  to  fourteen,  twenty-three,  and  even 
thirty-two  per  cent.^  Since  1907  the  use  of  yellow  phosphorus  in 
the  manufacture  of  matches  has  been  forbidden  in  Germany. 
In  Holland  the  proportion  is  limited  to  five  per  cent.,  and  in 
Belgium  to  eight  per  cent.  Sonnenschein^  states  that  the  quan- 
tity of  phosphorus  contained  in  100  match  heads  is  from  1. 152 
to  1.666  "gran"  (0.0717  to  0.1036  gm  =  liVlf  troy  grains), 
but,  according  to  Schuchardt,''  Bocker  found  the  quantity  as 
small  as  0.0249  gr.  (0.4  gm.)  in  100  matches,  and  Ure  as  high  as 
0.1625  to  0.195  (2|  to  3  gr.);  Cheveau^  found  0.052  to  0.058 
and  Fischer"  0.05  to  0.075;  while  Gunning  found  the  variations 
to  extend  between  0.012  and  0.062  gm.  Smita''  analysed  nine- 
teen varieties  of  matches  and  found  variations  from  0.0167  to 
0.178  gm.  {\  to  If  gr.)  per  100  matches.  He  also  determined 
the  variations  among  single  matches  taken  from  the  same  box, 
finding  the  extremes  in  one  box  to  be  0.61  and  0.64  mgm.  per 
head  =  l:1.05  and  in  another  0.76  and  1.04  mgm.  =  l:1.37. 
Matches  in  which  tetraphosphorus  trichlorid,  P4S3,  replaces  yel- 
low phosphorus    are  now  manufactured.     This  compound,   al- 

'Noir:  Progr.   m6d.,    1899,    3  s.,  *  Maschka:      "Handb.      d.      ger. 

1X-,  186.  Med.,"  ii.,  185. 

J  Custer:  "Fort  mit  dem  Gift  d.  =  Ann.    d'hyg.,    etc.,    1880,    3   s., 

Phosphor-Zundholzchen,"       Zurich,  iv.,  256. 

1887,  p.  20.  epharm.  Jahrb.,  1892,  799. 

'"Handb.  d.  ger.  Chemie,"  29.  'Friedreich's    Bl.    f.    ger.    Med., 

1895,  xlvi.,  134. 
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though  not  absolutely  inert,  is  from  100  to  400  times  less  toxic 
than  yellow  phosphorus.' 

Phosphorus  is  also  extensively  used  in  the  preparation  of  rat 
pastes  and  vermin-killers.  We  have  found  Coster's  Rat  and 
Roach  Exterminator  to  contain  2.13  per  cent,  of  free  phos- 
phorus; Parsons  &  Co.'s  Vermin  and  Insect  Exterminator,  0.4 
per  cent.,  and  phosphor  paste  1.01  per  cent.  The  label  of  the 
first-named  preparation  bears  the  words  "not  poisonous,  no 
danger"  (!).  Two  children  were  killed  by  it  in  Yonkers,  N.  Y., 
in  November,  1894,  and  the  proprietors  were  arrested  on  a 
charge  of  manslaughter.  Blyth^  gives  analyses  of  five  phos- 
phorus vermin  pastes  containing  from  1.2  to  4  per  cent,  of 
phosphorus.^  According  to  Kunkel,*  the  German  rat  pastes 
contain  two  to  four  per  cent. 

In  only  26  out  of  802  cases  of  phosphorus  poisoning  was  the 
substance  taken  in  a  form  other  than  match  heads  or  vermin 
poison,  and  of  these  26  only  8  have  occurred  in  the  past  50  years: 
one  the  case  of  a  student  who  took  phosphorus  "  to  improve  his 
memory"  and  died  in  three  days;^  another  that  of  a  man  who 
attempted  suicide  by  swallowing  a  piece  of  phosphorus  the  size 
of  a  walnut ;°  a  doubtful,  non-fatal  case  of  a  child  who  ate  of  a 
chicken  poisoned  by  phosphorus;''  and  the  others  medicinal 
poisonings.^  It  is  patent,  therefore,  that  phosphorus  poisoning 
might  be  eradicated  by  the  enactment  and  enforcement  of  legis- 
lation forbidding  the  use  of  yellow  phosphorus  in  these  articles. 
In  Finland,  where  the  phosphoric  rat  poisons  are  permitted, 
although  yellow  phosphorus  matches  have  been  prohibited  since 
1872,  there  were  12  poisonings  by  phosphorus  (rat  poison)  in 
the  14  years  1880-93,  of  which  two  were  murders,  7  suicides,  and 
3  accidents.' 

Red  phosphorus,  amorphous  phosphorus,  is  produced  from 
the  yellow  variety  by  maintaining  it  at  a  temperature  of  240° 

'  Revue    d'hyg.,    1898,    xx.,    382,  case:    Flachsland:    Med.-chir.    Ztg., 

673,    ref.    to     Cahen     and     Serene.  1826,  iv.,  183,  a  young  man  met  his 

Thayer    and    Wolf:    J.    Med.   Res.,  death  by  taking  phosphorus  as  an 

1003,   n.  s.,  iv.,  191.  aphrodisiac. 

^"Poisons,"   London,    1884,    197.  «  Lanz:  Berl.  id.  Wchnschr.,  1895, 

^  The  incorporation  of  the  phos-  xxxii.,  879. 

phorus  in  the  paste  is  by  no  means  '  Baumel:    Bull.  Soc.  de   pediat. 

uniform.  de  Paris,  1904,  vi.,  61. 

<■  "Handb.  d.  Tox.,"  231.  »  See  p.  639. 

='.\chergee:    Ind.    M.    Gaz.,    Cal-  «Fagerlund:     Vrtljschr.     f.     ger. 

cutta,  1887,  xxii.,  171.     In  an  early  Med.,   1894,  3  F.,  viii.,  supplh.,  80. 
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(464°  F.)  to  280°  (536°  F.)  for  two  or  three  days  in  an  atmosphere 
of  carbon  dioxid,  and  washing  the  cooled  product  with  carbon 
disulfid.  In  the  commercial  product  this  washing  is  rarely  com- 
plete and  small  quantities  of  yellow  phosphorus,  from  0.6  per 
cent,  downward,  remain.  This  and  other  impurities  may 
amount  to  4 . 6  per  cent. 

It  is  a  brownish-red,  amorphous,  tasteless,  odorless  powder, 
which  does  not  fume  in  air  or  dissolve  in  the  solvents  of  the 
yellow  variety.  It  dissolves  in  molten  lead,  from  which  it  sepa- 
rates on  cooling  in  violet-black  crystals.  It  is  not  luminous  at 
ordinary  temperatures,  and  only  ignites  when  heated  to  a  tem- 
perature approaching  250°  (482°  F.). 

This  form  of  phosphorus  is  practically  non-poisonous,  prob- 
ably by  reason  of  its  insolubility.  It  has  been  administered  to 
dogs  to  the  extent  of  200  gm.  (nearly  J  lb.)  in  12  days  without 
causing  poisoning.'  A  woman  of  20  years  attempted  suicide 
by  swallowing  the  heads  of  three  boxes  of  Swedish  matches, 
along  with  water  in  which  they  had  been  boiled.  She  suffered 
some  abdominal  pain,  but  recovered  completely  in  a  few  days. 
The  match  paste  contained  a  trace  of  yellow  phosphorus  and  a 
small  quantity  of  arsenic.^  RiedeP  has  reported  an  unsuccessful 
attempt  at  murder  by  administration  of  Swedish  matches  in 
the  belief  that  they  were  poisonous. 

In  the  better  class  of  "snapping  matches,"  which  ignite 
when  rubbed  upon  any  rough  surface,  the  paste  contains  red 
phosphorus  and  potassium  chlorate  incorporated  with  glue.  In 
the  "safety  matches,"  which  ignite  only  when  rubbed  upon  a 
prepared  surface,  the  match  heads  contain  no  phosphorus,  but 
consist  mainly  of  potassium  chlorate  and  sulfid  of  antimony, 
the  red  phosphorus  with  some  very  fine  sand  and  glue  being 
attached  to  the  box.  Some  German  matches  have  no  phos- 
phorus either  upon  the  match  or  box. 

ACUTE  PHOSPHORUS  POISONING. 

Statistics. — The  history  of  the  toxicology  of  phosphorus 
may  be  said  to  have  begun  with  the  introduction  of  phosphorus 

'  Sonnensohein:     "Ger.     Chem.,"  » Ztschr.   f.    Med.-Beamte,    1897, 

X     817 
^^Edeling:  Svensk.  lak.  forh.,  1879, 
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matches  in  1839. '  Lewin  in  his  monograph,  published  in  1866,^ 
collected  44  cases,  of  which  only  5  had  occurred  previous  to  1840 
and  only  13  previous  to  1850.  Of  these  44  cases  18  (40.9  per 
cent.)  were  suicidal,  and  14  (31.8  per  cent.)  homicidal;  in  19 
the  poison  was  taken  in  match  heads  and  in  15  as  vermin  poison. 
At  an  ^arher  date,  in  1855,  Henry  and  Chevallier'  had  pre-' 
sented  a  monograph  to  the  Society  of  Medicine  of  Toulouse  in 
which  they  refer  briefly  to  68  cases,  of  which  42  were  by  matches 
and  19  by  rat  poison;  26  (38.2  per  cent.)  were  homicidal  and 
21  (30.9  per  cent.)  suicidal.  In  Tardieu  and  Roussin's  table 
of  criminal  poisonings  in  France  in  the  years  1851-63  there 
are  170  cases  of  phosphorus  poisonings  in  a  total  of  617  by 
all  poisons  (27.5  per  cent.).  Poisoning  by  phosphorus  is 
particularly  prevalent  in  Austro-Hungary.  Lanz  states  that 
in  a  single  chnic  in  Prague  during  5h  years  there  were  40  cases, 
all  of  which  were  suicides  and  all  used  matches.*  We  have 
consulted  the  reports  of  802  poisonings.'  Of  these  123  were 
homicidal,  388  suicidal,  88  accidental,  2  by  empirics,  67  taken 
to  cause  abortion,"  1  taken  as  an  experiment;  In  the  remaining 
133  the  origin  of  the  poisoning  is  not  given. 

Of  the  homicidal  cases  53  occurred  in  Germany  and  Austria, 
52  in  France,  6  in  Great  Britain,  2  in  Finland,  2  in  Denmark,  5  in 
Belgium,  and  3  in  the  United  States.  Death  was  caused  in  74 
cases;  in  18  the  poisoned  food  was  not  taken  on  account  of  its 
appearance  or  taste;  in  13  instances  the  victim  recovered;  and 
the  remaining  18  cases  are  reported  as  "  attempts."  The  agent 
used  was  "rat  poison"  in  37  cases,  match  heads  in  43,  and 
unspecified  in  the  remainder.  In  68  instances  the  victims  were 
adults,  in  40  children;  and  in  15  two  or  more  persons  were 
poisoned  at  the  same  time.  The  poison  was  given  in  soup  in 
27  cases.  In  1  case  match  heads  were  given  to  an  illegiti- 
mate child  by  its  mother  in  a  pear;  in  another  a  child  was  given 
matches  to  play  with,  with  criminal  intent;  in  another  a  woman 
mixed   match  heads   with  her  husband's  chewing  tobacco;  in 

'Matches  were  made  in  1830  by  ^  Ann.    d'hyg.,    etc.,    1857,   2  s.. 

Walker,    of    Stockton,    in    England  vii.,  414;  viii.,  208. 
(Ph.  J.  and  Tr.,  1871,  3  s.,  ii.,  41),  ^  Berl.     kl.     Wchnschr.,    1895, 

but  they  were  not  in  general   use  xxxii.,  878. 

until  the  period  mentioned  in  the  °  To    which    may    be    added   73 

text.  cases  reported  in  journals  to  which 

^  Arch.  d.  path.  Anat.,  etc.,  1866,  we  have  not  access, 
xxi.,  506.  "See  p.  637. 
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another  a  15-year-old  girl  was  made  the  ignorant  agent  of  ad- 
ministration; and  in  another  a  woman  destroj^ed  her  15-year-old 
son  by  introduction  of  match  heads  into  the  rectum.  Of  the 
suicidal  cases  249  were  in  Germany  and  Austria,  67  in  France,  32 
in  Great  Britain,  6  in  Sweden,  7  in  Finland,  4  in  Belgium,  3  in 
Switzerland,  1  in  Russia,  1  in  Canada,  9  in  Italy,  3  in  New 
Zealand,  and  5  in  the  United  States.  Only  102  of  the  suicides 
were  men,  as  against  229  women.'  Of  the  latter  probably 
many  took  the  poison  with  the  object  of  provoking  abortion 
rather  than  intending  to  destroy  themselves.  Allard^  collected 
11  cases  in  Sweden  in  which  phosphorus  caused  abortion,  without 
causing  the  death  or  serious  illness  of  the  mother.  In  one  of 
these  12  days  elapsed  after  taking  the  poison  before  the  abortion. 
Lewin  and  Brenning''  have  collected  27  cases  occurring  in  Sweden, 
Finland,  and  Germany,  in  which  phosphorus  was  taken  to  cause 
abortion,  which  was  provoked  in  23  cases,  while  14  of  the  wo- 
men died.  Other  similar  cases  have  been  reported  by  Pulewka,* 
Gugger,*  Kraft, ^  Seydel,'  Lesser,^  Kirchmeier,'  Haberda,'" 
Kratter,"  Hedr6n,'^  Haggquist,"  Mar6,"  and  von  Hofmann.'' 
Kratter  gives  a  table  of  52  cases  of  death  from  phosphorus  in 
Gratz  (Styria)  during  the  17  years  1SS4-1900,  of  which  45  occurred 
in  women  between  the  ages  of  14  to  65  years.  In  most  cases 
where  abortion  results  it  occurs  at  the  height  of  the  poisoning 
— the  fifth  or  sixth  day;  manual  removal  of  the  placenta  is  neces- 
sary, and  the  immediate  cause  of  the  death  of  the  woman  is 
atonic  hemorrhage.  In  a  case  reported  by  Coester,'"  however,  the 
woman  aborted  on  the  twenty-sixth  day  after  the  poisoning. 
Wassmuth"  has  reported  an  unusual  case  in  which  the  birth  of 
a  living  child  at  eight  months  was  caused  by  small  repeated 
doses  of  phosphorus  taken  during  a  period  of  three  weeks.     The 

'  In  forty-two  oases  the  sex  is  not  '  Mitth.     d.     Ver.     d.     Arzte   in 

given.  Niederost.,  1878,  iv.,  171. 

"Upsala    Lakerefor.    For.,    1896,  '"Friedreich's    Bl.    f.   ger.   Med., 

^xii.,  33.  1895,  xlvi.,  1. 

•      '    Fruchtabtreibung  durch  Gifte,"  >■  Vrtlischr.    f.    ger.    Med.,  1902, 

1899,  166.  3  F.,  xxiii.,  2. 

'Diss.  Konigsberg,  1885.  '^/feid.,  1905,  3  F.,xxix.,Suplh.,53. 

'Diss.  Mtinchen,  1892.  "Virch.-H.  Jbt.,  1889,  i.,  380. 

I  Diss.  Munchen,  1893.  "  Cblt.  f.  Gyn.,  1902,  xxvi.,  816. 

.    Vrtljschr.  f  ger.  Med.,  1893,  3  F.,  '=  "  Lehrb.  d.  ger.  Med.,"  9te  Aufl., 

yi.,  280;  also  transl.   this  work,  ii.,  1903,  235. 

40? „.  '".Vrtljschr.    f.    ger.   Med.,    1899, 

'Ihd.,  1898,  3  F.,  XV.,  262.  3  F.,  xvii.,  63. 

"  Ibid.,   1903,   3  F.,  xxvi.,   12. 
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mother  recovered,  but  the  child  died  of  phosphorus  poisoning 
soorl  after  birth.  1  InFriedlander's  case^  the  movements  of  the 
child,  which  was  born  dead,  ceased  two  days  before  delivery. 
In  this  case,  as  in  many  others,  the  primary  death  of  the  foetus 
was  the  cause  of  the  abortion.  Hedr6n^  gives  the  statistics  of 
1394  cases  of  abortion  in  Sweden  in  the  period  1851  to  1903,  of 
which  90.6  per  cent,  were  by  phosphorus  matches.  Only  ten  of 
the  women  survived  the  poisoning,  and  about  fifty  per  cent, 
aborted  before  death.  Almost  all  of  the  cases  of  phosphorus 
poisoning  were  women,  of  whom  ninety-five  per  cent,  took  the 
poison  to  procure  abortion,  and  the  remainder  were  suicides  of 
pregnant  women. 

Among  the  88  accidental  poisonings  were  41  in  which  the 
victims  were  adults.  In  5  of  these  the  origin  of  the  accident 
is  not  stated;  8  adults  ate  food  poisoned  for  rats,  etc.;  in  3, 
matches  fell  into  food  by  accident;  10  were  medicinal  poisonings, 
of  which  7  were  anterior  to  1829,  and  3  since  that  date.*  In  the 
remaining  cases  the  origin  of  the  poisoning  was  exceptional: 
a  student  died  in  3  days  from  phosphorus  taken  "to  improve 
his  memory";'  a  cook  was  severely  poisoned  by  rat  poison 
which  she  prepared  upon  a  table  from  which  she  afterward  ate 
her  mealf  an  English  colonel  and  family  suffered  violent  en- 
teric pains  after  eating  meat  which  had  lain  upon  a  surface 
upon  which  matches  were  scratched;'  operatives  in  a  match 
factory  were  poisoned  by  match  paste  put  into  a  coffee  pot  for 
safe-keeping;^  a  man  was  killed  by  matches  accidentally  present 
in  a  cooking  utensil;'  a  man  died  from  drinking  white  wine  in 
which  match  heads  had  been  macerated  "as  a  joke";'"  two 
daughters  of  a  match  manufacturer  died  from  eating  bread 
which  had  been  left  in  a  basket  along  with  a  large  quantity  of 
matches;"  a  woman  was  killed  by  eating  soup  in  which  she  had 


'See  p.  643.  =Achergee:     Ind.  M.  Gaz.,   Cal- 

=  Diss.  Konigsberg,  1892.  cutta,  1887,  xxii.,  171. 

^  Loc.  cit.,  p.  50.  » Starcke:  Diss.,  Jena,  1868,  p.  11. 

■*  A  slight  poisoning  of  a  man  of  '  Chevallier    and    Poirier:   J.   d. 

thirty-three    years    (Anstie:    Prac-  chim.    m^d.,    etc.,    1858,   4  s.,  iv., 

tit.,    London,    1873,   xi.,    103);   the  140. 

fatal  poisoning  of  a  woman  (Ph.  J.  *  Ibid. 

and  Tr.,  1879,  80,  3  s.,  x.,  747) :  and  » Ibid. 

the  chronic  poisoning  of  a  man  by  '"  Ibid.     See    also  Hebra:    Phila. 

"phosphatol"  (v.  Jaksch:  Wien,  kl.  Med.  Times,  1881-82,  xii.,  866. 

Rundschau,  1905,  xix.,  694).  ^  Ibid. 
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cooked  "rat  pills'"  in  mistake  for  barley;^  a  girl  of  18  years 
made  an  application  of  match  heads  to  cure  a  toothache;-''  a 
"man  with  an  ostrich  stomach"  died  from  flavoring  his 
diet  of  glass,  leather,  soaps,  etc.,  with  matches.*  A  girl  of  15 
years  died  in  7  days  after  having  anointed  her  hands  and  face 
with  "rat  paste"  for  the  purposes  of  a  "dark  seance."^  The 
vapors  given  off  by  phosphorus  caused  severe  acute  bronchitis  in 
three  men  who  during  one  afternoon  and  the  following  morning 
worked  up  Ih  kilos  of  yellow  phosphorus  into  "mouse  pills," 
and  the  death  of  one  of  them.^ 

Of  the  accidental  cases  among  children  nine  were  caused  by 
overdose  of  phosphorized  almond  or  codliver  oil  or  intolerance 
thereof.'    The  remainder  resulted  from  sucking  matches. 

Lethal  Dose. — The  minimum  lethal  dose  of  phosphorus  is 
not  accurately  known,  as  the  quantity  actually  swallowed  has 
been  determined  in  a  few  cases  only.  It  is  certainly  not  large. 
Anderson*  reported  the  case  of  a  child  of  If  years  who  died  in  7 
days  after  having  sucked  the  heads  of  about  20  matches.  As- 
suming that  the  paste  was  all  swallowed,  and  contained  the 
maximum  amount  of  phosphorus  (0.195  gm.  in  100),  the  quan- 
tity taken  was  0 .  04  gm.  (0 . 6  gr.) ;  Shephard'  states  that  a  child 
died  from  the  effects  of  8  match  heads  (0.0156  gm.  =  ^  gr.?)- 
In  both  of  these  cases  the  action  of  the  poison  was  favored  by 
the  administration  of  oil  as  an  antidote.  Sonnenschein*"  cites  the 
case  of  an  infant  of  five  weeks  who  died  in  consequence  of  having 
swallowed  the  head  of  a  single  match.  Phosphorus  and  a  piece 
of  the  match  were  found  in  the  stomach.  In  Franke's  case''  the 
dose  which  caused  the  death  of  a  child  of  two  years  was  0.003 

'The  extent  to  which  these  rat  'Lesser:   Vrtljschr.  f.  ger.  Med., 

pills  are  used  in   Germany  is   evi-  1898,  3  F.,  xv.,  265,  Case  117. 

denced  by  the  fact  that  the  number  '  Aff.  M^tivier:  Ann.  d'hyg.,  1891, 

of  the  Pharm.  Ztg.  for  Nov.   12th,  3    s.,    xxvi.,    517.      Brouardel    and 

IBSl,    contains    advertisements    of  Vibert:  ibid.,   1899,  3  s.,  xlii.,  113, 

five  makers  of  them  and  of  a  ma-  Aff.    Masart.    Noir:    Progres    m^d., 

chine  guaranteed   to   turn    out    40  1899,     3    s.,    ix.,     186.    Nebelthau: 

kgm.  per  hour.  Munch,     med.     Wchnschr.,      1901, 

^^  Memorabil.,     Heilbronn,     1890-  xlviii.,      1362.      Franke:       Virch. 

91,n.  F.,  X.,  513.  Jahresb.,     1901,    xxxvi.,    I.,    617. 

'Norgven:     Hygiea,     1898,     Ix.,  Piccagnoni:    Clin.  med.  ital.,  1908, 

P*- 11-,  611.  xlvii.,  523,  four  cases,  three  deaths. 

'Freyhan:    Deut.     med.     Wehn-  « Lancet,  1871,  ii.,  189. 

schr.,  1894,  xx.,  58.  » Ibid.,  1843,  i.,  435. 

'Lancet,  1890,  i.,  398.  "  "Handb.  d.  ger.  Chem.,"  p.  23. 

^^  Loc.  cit. 
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gm.  (yV  gi"-)-  In  one  of  Lamprecht's  cases'  a  healthy  woman  of 
22  years  died  in  84  hours  after  having  taken  match  heads  esti- 
mated to  contain  1  to  2  gr.  (0.065  to  0.13  gm.)  of  phosphorus. 
Probably  0.05  gm.  (|  gr.)  of  phosphorus,  taken  in  a  finely  di- 
vided form,  as  in  match  heads  or  rat  poison,  or  in  solution, 
might  cause  the  death  of  a  healthy  adult. 

Blaschko^  has  reported  the  case  of  a  girl  of  18  years  who 
took,  with  suicidal  intent,  the  heads  of  2,000  matches  along 
with  the  hot  water  in  which  they  had  been  macerated,  yet  re- 
covered. Singer^  relates  the  case  of  a  woman  of  21  years  who 
made  an  unsuccessful  attempt  at  suicide  by  swallowing  the  heads 
of  ten  packages  of  matches. 

Duration. — This  will  vary  in  fatal  cases  from  a  few  hours 
to  several  days,  according  as  death  is  caused  by  collapse  or  by 
the  more  remote  effects  upon  the  liver  and  other  organs.  Usu- 
ally life  is  prolonged  during  several  days  of  intense  suffering. 
Among  251  fatal  cases  in  which  the  duration  was  accurately 
reported,  36  died  during  the  first  day;  210  in  a  period  varying 
from  2  days  to  2  weeks  (19  in  2  days;  32  in  3;  41  in  4;  ,33  in  5; 
29  in  6;  23  in  7;  7  in  8;  9  in  9;  Sin  10;  4  in  11;  5  in  12;  and  2 
in  14  days),  the  average  duration  being  5^  days,  and  6  in  longer 
periods. 

The  shortest  duration  was  7  hours  in  a  case  reported  by 
Jaderholm.*  In  three  instances  reported  by  Maschka^  death 
occurred  in  collapse  in  7  to  8  hours.  The  victims,  suicides, 
were  aged  50,  27,  and  61  years.  Lanz°  reported  the  death  of  a 
person  of  26  years  in  7^  hours,  from  the  effects  of  0. 7  gm.  (11  gr.) 

'Friedreich's  Bl.  f.  ger.  M.,  etc.,  1885,    n.    F.,    xliii.,    17)    as   short. 

1868,  xix.,  243.  In    a    double    suicide   reported   by 

^  Vrtlischr.  f.  ger.  Med.,  1877,  n.  Liman  (Casper-Liman:  "Handb.  d. 

F.,  xxvh.,  563.  ger.  Med.,"  8te  Aufl.,  ii.,  479)  both 

^Prag.    med.     Wchnschr.,     1883,  are  said  to  have  died  in  two  hours, 

viii.,  509.  But  so  unusual  a  coincident  seems 

■•  Hygiea,  1873,  xxxv.,  12.  rather  to  point  to  some  other  unrec- 
Svensk.  lak.  forh.,  303.  In  four  ognized  cause  of  death.  In  Cam- 
homicidal  cases  (v.  Bunau:  Vrtlj-  eron's  case  (Lancet,  1896,  ii.,  241), 
sohr.  f.  ger.  Med.,  1859,  xvi.,  305,  also  homicidal,  the  period  is  also 
one-half  hour.  Schaeffer:  "Samml.  somewhat  uncertain,  although  the 
ger.  Gutachten,"  Berlin,  1848,  287,  child  was  said  to  have  been  seen 
one  and  a  half  hours.  Otto:  Memo-,  well  at  9.30  a.  m.,  and  at  2  p.  m. 
rabilien,  Heilbr.,  1870,  xv.,  134,  was  dead  and  cold, 
three  to  four  hours.  Kessler:  *  Wien.  med.  Wchnschr.,  1884, 
Vrtljschr.    f.    ger.    Med.,    1866,     n.  xxxiv.,  608. 

F.,  iv.,  271,  four  hours)  the  period  "  Berl.      kl.      Wchnschr.,      1895, 

alleged  was  shorter;  and  in  one  (v.  xxxii.,  879. 
Maschka:    Vrtljschr.    f.    ger.    Med., 
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of  phosphorus  in  match  heads.  Hammer'  reports  the  case  of  a 
woman  of  46  years  who  destroyed  herself  in  9  hours  with  about 
3,000  match  heads  (38  packages);  and  Langer-  that  of  a  man  of 
71  years  who  died  in  9|  hours  after  having  taken  with  suicidal 
intent  the  heads  of  one  package,  infused  in  coffee.^  A  most 
protracted  case,  whether  death  can  be  entirely  attributed  to  the 
phosphorus  poisoning  which  had  occurred  8  months  previously 
or  not,  was  that  quoted  by  Tardieu  and  Roussin  from  Brull6.* 
A  woman  destroyed  herself  by  swallowing  a  piece  of  phos- 
phorus paste  of  the  size  of  a  walnut  and  afterward  half  a  pint 
of  paraffin  oil.  After  suffering  from  the  usual  primary  symp- 
toms she  was  discharged  as  cured  in  12  days.  After  5  weeks 
of  immunity  she  was  readmitted,  suffering  from  jaundice,  and 
died  suddenly  in  6  days,  or  53  days  after  the  poisoning.''  In  an 
early  case°  a  man  took  0.05  gm.  of  elementary  phosphorus, 
afterward  0 . 1  gm.  on  the  same  day,  and  the  following  day 
0.15  gm.  in  syrup  (in  all  0.3  gm.  =  about  4^  gr.),  and  died  in 
17  days.  A  man  of  32  years  died  in  15  days  from  the  effects 
of  about  25  of  phosphorus  paste;'  and  a  woman  of  21  years  in 
the  same  period  after  having  taken  the  heads  of  two  packages 
of  matches.^  Both  were  suicides.  In  severe  non-fatal  cases 
the  illness  is  frequently  prolonged.  Thus  KnoevenageP  has 
reported  a  poisoning  of  almost  6  months'  duration. 

Absorption. — That  elementary  phosphorus,  notwithstanding 
its  extremely  sparing  solubility  in  aqueous  or  dilute  alcoholic 
liquids,  is  absorbed  in  its  own  form  into  the  circulation  is  demon- 
strated by  its  discovery  in  a  number  of  instances  by  the  Mitscher- 
lich  method  in  the  blood,,  liver,  and  brain,'"  as  well  as  by  the 

'Prag.    med.    Wchnschr.,     1889,  1829,   iii.,   429;   ex   Orfila:   "Tox.," 

XIV.,  79.  5^me  ed.,  i.,  84. 

^Ihid.,  1892,  xvii.,  451.  'Harris:  Lancet,  1886,  ii.,  582. 

'Other     accidental     or     suicidal  ^Rummel:   Ztschr.   f.   rat.    Med., 

cases  fatal  in  less  than  a  day  are  1868,  xxxiii.,  227. 

reported   by   Alexander:    Berl.    kl.  »  Berl.   kl.   Wchnschr.,   1869,   vi., 

Wchnschr.,        1866,         iii.,         59.  157. 

Chevallier    and    Poirier:    hoc.    cit.,  '»  Lewin:  Virch.  Arch.,  1861,  xxi., 

two  cases.    Casper:  "Handb.,"  5te  506.     Fritz,    Ranvier    and    Verliac: 

Aufl.,    ii.,    513,     514,     two     cases.  Arch.   g^n.   de   mM.,    1683,  ii.,  25. 

Fagerlund:  Vrtljschr.  f.  ger.   Med.,  Husemann  and  Marrn^:    Nachricht. 

1894,  vm.,  supplh.,  80.    Pal:  Ztschr.  d.  k.  Gesell.  d.  Wissensch.  in  Got- 

I.  Heilk.,  1900,  xxi.,  49,  Case  xv.  tingen,  1866, 164,  also  in  Husemann: 

"Empois.,"  24me  ed.,  553.  "Handb.d.Tox.,"S.  142.  Lebertand 

West:  Lancet,  1893,  i.,  245.  Wyss:  Arch.  g6n.  de  m6d.,  1868,  6  s., 

Julia    Fontenelle:    Rev.    m^d.,  xii.,  688.    Schultzen  andRiess:  Ann. 

IV.-41 
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poisoning  of  the  fcetus  in  utero.^  Its  absorption  in  aqueous 
solution  probably  takes  place  to  a  limited  extent,  favored  by 
the  solvent  action  of  the  bile."  It  has  also  been  shown^  that 
phosphorus  vapor  diffuses  through  animal  membranes.  Har- 
nack^  found  that  when  dogs,  under  phosphorus  poisoning  are 
killed  at  the  right  time  the  cells  in  those  portions  of  the  liver 
adjacent  to  the  stomach  are  in  an  advanced  condition  of  degen- 
eration, while  those  in  more  remote  parts  of  the  organ  are  much 
less  affected,  from  which  he  argues  that  phosphorus  is  vaporized 
in  the  stomach  and  passes  through  its  walls  by  gaseous  diffusion. 
The  principal  method  of  absorption,  however,  is  in  solution  in 
oils  (fats),  after  emulsification,  through  the  lacteals  and  thoracic 
duct.  The  interval  of  2  to  6  hours  which  usually  elapses  before 
the  manifestation  of  symptoms  is  due  to  the  relative  slowness 
of  this  process.  In  Reichel's  exceptional  case,^  in  which  a  large 
dose  was  taken  in  solution  in  oil,  this  interval  was  reduced  to  one 
hour.  It  may  be  assumed  that  absorption  from  the  ahmentary 
canal  continues  as  long  as  phosphorus  remains  therein  and  life 
continues.  In  a  homicidal  case  reported  by  Fischer"  death 
occurred  in  three  days,  and  2.419  grains  of  phosphorus  in  sub- 
stance remained  in  the  stomach  and  duodenum.  In  the  case  of  a 
suicide  who  died  in  four  days,  Martin'  reports  the  finding  of  2.8 
grains  in  the  intestinal  contents.  Casper'  relates  a  case  of  death 
in  nine  days,  in  which  an  affirmative  result  was  obtained  by  the 
MitscherUch  with  the  stomach  contents.  Ackern^  obtained 
an  affirmative  Mitscherlich  with  the  fseces  on  the  tenth  day  of 
the  poisoning. 

d.    Charity    K.-H.,     1869,    xv.,     1.  '  Wassmuth:     Vrtljschr.    f.    ger. 

Personne:  C.  r.  Ac.  Sc,  1869,  Ixviii.,  Med.,  1903,  3  F.,  xxvi.,  12. 

.543.     Dybkowsky:    Hoppe   Seyler's  ^  Dragendorff:  "Ermitt.  d.  Gifte," 

"Med.-Chem.     Unt.,"      1871,     49.  3te  Aufi.,  p.  98;  see  also  p.  630. 

Selmi:      Med.-chir.     Rundschau,  '  Vohl:     Berl.    kl.    Wchnschr., 

1879,  XX.,  853.    Meyer:  Arch.  f.  exp.  1865,    ii.,  336;    Bamberger:   Wurzb. 

P.   u.  P.,    1881,  xiv.,  313.     Tungel:  med.  Ztschr.,  1866,  vii.,  41. 

Virch.     Arch.,      1864,     xxx.,    270.  ■>  Mtinch.   med.   Wchnschr.,  1909, 

TardieuandRoussin:"Empoisonne-  xlii.,     306.     See     also     Cornil    and 

ments,"   2eme  ed.,  p.  527.     Bemiss:  Brault:   J.   de  I'anat.   et  de  phys., 

New  Orleans  M.  and  S.  J.,  1866-7,  1S82,  xviii.,  1. 

xix.,     773.     Hammer:    Prag.    med.  MVien.  kl.  Wchnschr.,  1894,  vii., 

Wchnschr.,   1889,   xiv.,   79.     Fager-  153, 

lund:   Vrtljschr.  f.  ger.   Med.,  1894,  «  Vrtljschr.    f.    ger.    Med.,    1872, 

3F.,viii.,Suph.,S0,  case8.    D'.Vmore  n.  F.,  xvii.,  1. 

and   Falcone:    Arch.    int.    de   phar-  '  Brit.  Med.  J.,  1878,  i.,  478. 

macod.,  etc.,  1894-5,  i.,  247.    HoUe-  «  "Klin.  Novellen,"  1863,  p.  419. 

freund:    quoted    by  Fischer:   Pflug.  »  Badt:  Diss.,  Berlin,  1891,  p.  36. 

Arc]].,  1903,  xcvii.,  .578. 
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Gurrieri'  states  that  phosphorus  is  slowly  absorbed  from 
the  subcutaneous  cellular  tissue  of  dogs  and  rats,  causing  death 
in  4  to  29  days. 

That  phosphorus  passes  from  the  maternal  circulation  to 
that  of  the  fcetus  has  been  demonstrated  by  the  experiments 
of  Miura^  upon  rabbits,  and  by  the  occurrence  of  the  character- 
istic lesions  in  the  cadavers  of  human  infants.^ 

Method  of  Action. — Elementary  phosphorus  has  no  local 
corrosive  action.  Schubert*  introduced  pieces  of  phosphorus, 
under  aseptic  conditions,  into  the  anterior  chamber  of  the  eye, 
the  peritoneum,  and  the  intestinal  wall,  where  they  produced  no 
local  action  for  one  or  more  days.  Gurrieri^  introduced  pieces 
of  phosphorus  under  the  skin,  in  the  peritoneum,  and  into  the 
liver,  where  they  produced  no  local  effects,  but  were  found 
encapsulated  at  the  autopsy.  The  pain  and  vomiting  of  the  first 
period  of  the  poisoning,  and  the  lesions  found  in  the  gastro- 
enteric mucous  membranes  in  subacute  poisoning  are  therefore 
not  the  results  of  action  from  within  the  tube,  but  are  produced 
after  absorption  of  the  poison,  and  probably  during  elimination. 
In  some  cases  of  short,  or  even  average,  duration  the  gastro- 
enteric mucous  membrane  has  been  found  practically  free  from 
any  evidence  of  irritation.^  It  must  be  admitted,  on  the  other 
hand,  that  autopsies  have  been  made  in  rapidly  fatal  cases  in 
which  lesions  of  the  stomach  and  intestines  have  been  found.' 

The  deleterious  effects  of  phosphorus  are  only  produced 
when  it  is  ip.  the  elementary  form  or  in  compounds  containing 
little  oxygen.*     When  oxidized,  even  to  the  lowest  known  form  of 

'Poliolin.,    Roma,    1896,  M.    iii.,  Med.    Corr.-Bl.   d.  Wurtemb.  A.- 

489.  Ver.,   1867,  xxxvii.,  68,  in   5  days. 

'  Virch.  Arch.,  1884,  xcvi.,  54.  Taylor:    Guy's    Hosp.    Rep.,    1868, 

'Friedlander:   Diss.,   Konigsberg,  3  s.,  xiii.,  242,  in  5  days.     Pidoux: 

1892.   Wassmuth:  Vrtlischr.  f.  ger.  Gaz.  d.  hop.,   1860,  xxxiii.,  185,  in 

Med.,  1903,  3  F.,  xxvi.,  12.  7  days. 

'  Diss.,  Bonn,  1889.  'Otto:     Memorabil.,     Heilbronn, 

,  \ioc.  cit.     Gurrieri  also  refers  to  1870,  xv.,  134,  death  in  3-4  hours, 

siinilar  results  obtained  by  Bellini,  v.  Maschka:  Wien.  med.  Wchnschr., 

and  quotes  from  Muccioli:  "Tossic.  1884,     xxxiv.,     608,     in     8    hours, 

med.,'' 1895.  Hammer:    Prag.    med.    Wchnschr., 

Jaderholm:  Hygiea,  1873,xxxv.,  1889.,  xiv.,  79,  in  9  hours.     Danger: 

lA     death     in    7    hours.     Tungel:  ibid.,  1892,  xvii.,  451,  in  9f  hours. 

Virch.  Arch.,  1864,  xxx.,  270,  in  9^  «  Danger:  Loc.  cit.,  found  no  phos- 

nours.    Alexander:    Berl.  kl.  Wchn-  phorus    in    the    blo'od   in   his   case, 

schr.,    1866,   iii.,   59,   in    15    hours.  but  an  easily  reducible   compound, 

Ourtis:  Boston  M.  and  S.  J.,  1876,  which    formed    hydrogen    phosphid 

xciv.,  433,  in  48  hours,      Guntzler:  with  nascent  hydrogen. 
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hypophosphorous  acid/  it  is  without  toxic  action.  Notwith- 
standing the  ready  oxidation  of  phosphorus  in  vitro,  which 
causes  it  to  act  as  an  energetic  reducing  agent  in  solutions 
of  metalHc  salts,  it  is  not  readily  oxidized  in  the  economy, 
and  does  not  reduce  oxy haemoglobin,^  but  circulates  unoxidized 
even  in  arterial  blood  for  a  long  time.'  Phosphorus  is,  however, 
slowly  oxidized,  and  by  such  oxidation,  as  well  as  by  direct  union 
with  the  protoplasm,  it  impedes  the  oxidation  processes  of  the 
organism.^ 

While  phosphorus, =  Hke  arsenic  and  antimony,"  impedes 
normal  synthetic  processes  in  the  system,  such  as  the  fofmation 
of  hippuric  acid  in  the  kidneys,  it  greatly  favors  autolytic  decom- 
positions. Jacoby'  and  others'  have  demonstrated  that  liver 
tissue  after  phosphorus  poisoning  autolyses  much  more  rapidly 
and  completely  than  does  the  normal  tissue,  and  that  the  phos- 
phorus-Uver  contains  less  nitrogen  in  protein  combination,  with 
a  relative  increase  of  non-protein  nitrogen,  than  normal  liver 
tissue.  That  metamorphosis  of  protein  material  is  notably 
activated  during  life  in  subacute  phosphorus  poisoning  is  also 
evidenced  by  an  increased  elimination  of  total  nitrogen  in  the 
urine. °  The  increase  is  not  in  the  form  of  urea  nitrogen,  which 
is  diminished  both  absolutely  and  in  proportion  to  total  nitrogen, 

1  Gugger:  Diss.,  MCmchen,  1892.  exp.  P.  u.  P.,  1906,  Ivi.,  68.    Forges 

2  Quincke:     Virch.     Arch.,     1872,       and  Pribram:  lUd.,  1908,  lix.,  30. 
liv.,  537.  "Storch:     "Die     acute     P.-Ver- 

=  Lewin:  Virch.  Arch.,  1S61,  xxi.,  gift.,"     Kopenhagen,    1865;    Deut. 

561.     Hammer:  Prag.  med.  Wchn-  Arch.    f.    kl.    Med.,    1867,   ii.,   264. 

schr.,  1889,  xiv.,  79.     D'Amore  and  Falck;  Arch.  f.  exp.  P.  u.  P.,  1877, 

Falcone:  Arch.  int.  de  pharraacod.,  vii.,  369.   Bauer:  Ztsch.f.  Biol.,  1878, 

etc.,     1894-5,    i.,   247.     Wassmuth:  vii.,  63.     Friinkel:  Berl.   kl.  Wchn- 

Vrtljschr.  f.  ger.  Med.,  1903,  3  F.,  schr.,    1878,   xv.,   265.    Ca^eneuve: 

xxvi.,  12.  Plavec:Pflug.  Arch.,  1904.  C.    r.    Ac.   Sc,    1879,  Ixxxix.,  990. 

civ.,    1.     Lindemann:     Arch.     exp.  Frankel   and   Rohmann:   Ztschr.  f. 

P.    u.    P.,    1898,   xh.,    191.     Stich:  physiol.     Chem.,     1880,    iv.,    439. 

Munch,  med.  Wchnschr.,  1902,  xlix.,  Thibout:   C.   r.   Ac.   Sc,   1880,  xc, 

1347.  1173.     Starck:    Deut.    Arch.   f.  kl. 

*  Plavec:  Loc.  riY.  Med.,     1884,    xxxv.,     481.    Enge- 

'^  Hauser:  .\rch.  f.  exp.  P.  u.  P.,  lein:     Diss.,     Konigsberg,    1887. 

1895,  xxxvi,,  165.  Munzer:    Deut.    Arch.   f.   kl.   Med., 

"0(5:   Ztschr.   d.   med.   Gesell.   zu  1894,   Hi.,    199.    L.   Monaco:  Arch. 

Tokio,  1899,  xiii.,  S47.  ital.    de    bioL,    1897,    xxviii.,   201. 

'Ztschr.  f.  physiol.  Chem.,  1900,  Rossi:    Policlin.,  Roma,  1898.    Sez. 

xxx.,  135,  147,  174.  med.,   149.  Laub:  Wien.  kl.  Wchn- 

'  Wakemann:    Ztschr.   f.   physiol.  schr.,  1898,  xi.,  27.     v.  Jaksch:  Zts. 

Chem.,    1904,    Sliv.,    335.     Welsch:  f.  physiol.  Chem.,  1903-4,  xl.,  147. 

Arch.     int.     de    pharmacod.,     etc.,  Welsch:  Arch.  int.  de  pharmacod., 

1905,  xiv.,  211.     Oswald:    Biochem.  etc.,  1905,  xiv.,  211. 
Cblt.,  1905,  iii..,  365.    Baer:   Arch.  f. 
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but  in  an  increase  of  ammonia  nitrogen/  which  has  been  found  by 
Kem-Picci  to  reach  sixteen  per  cent.,  and  by  Reiss  as  high  ag 
twenty-five  per  cent,  of  the  total  nitrogen.  Such  an  increase 
of  ammonia  is  associated  with  increased  acid  formation  or  ac- 
cumulation, and  in  fact  the  urine  in  subacute  phosphorus  poison- 
ing contains  sarcolactic  acid,^  as  well  as  oxymandelic,  para- 
oxyphenylacetic  and  hydroparacoumaric  acids, ^  and  acetonuria 
also  occurs.*  At  the  same  time  the  alkalinity  of  the  blood  is  also 
diminished.'  That  the  protein  metabolism  is  seriously  modi- 
fied in  nature  is  also  shown  by  the  appearance  in  the  urine 
of  such  intermediate  products  as  leucin  and  tyrosin,^  as  well  as 
glycocoU,^  alanin,*  cystin,°  and  arginin."  And,  corresponding 
to  the  appearance  of  these  amido  compounds  in  the  urine,  the 
liver  is  found  to  be  poorer  in  them  than  is  the  normal  organ. ^* 
Still  another  evidence  of  disordered  protein  metabolism  is  found 
in  the  appearance  in  the  urine  of  the  peptone-like  substances 
described  bySchultzen  and  Reiss,*^  Maixner,'^  v.  Jaksch,'*  Har- 
nack"  and  Robitschek.^" 


'  Engelein :  Diss.,  Konigsberg, 
1887.  Munzer:  Arch.  f.  exp.  P.  u.  P. 
1894,  xxxiii.,  164.  D'Amore  and 
Falcone:  Arch.  int.  de  pharmacod., 
etc.,  1894-5,  i.,  247.  Rem-Picci: 
Jhrbt.  f.  Thierchem.,  1901,  xxxi., 
768.  Riess:  Berl.  M.  Wchnschr., 
1905,  xUi.,  Festn.,  54. 

'^Schultzen:  Ztschr.  f.  Chem., 
1867,  X.,  138.  Schultzen  and  Riess: 
Ann.  d.  ChariW  K.-H.,  1869,  xv.,'  1. 
Araki:  Ztschr.  f.  physiol.  Chem., 
1893,  xvii.,  314.  Riess:  Berl.  kl. 
Wchnschr.,  1905,  xlii.,  Festn.,  54. 
Mandel  and  Lusk:  Amer.  J.  of 
Physiol.,  1906,  xvi.,  129.  Lusk:  Ibid., 
1907.,    xix.,  46.    Cahn:    Ztschr.   f. 


Jaksch:  Deut.med.  Wchnschr.,  1893, 
xix.,  11.  Munzer:  Deut.  Arch.  f.  kl. 
Med.,  1893-4,  lii.,  199.  Corin  and 
Ansiaux:  Vrtljschr.  f.  ger.  Med., 
1894,  3  F.,  vii.,  79,  212. 

«  See  p.  653. 

'  Abderhalden  and  Bergell: 
Ztschr.  f.  physiol.  Chem.,  1903, 
xxxix.,  464.  Wohlgemuth:  Ibid., 
1905,  xliv.,  74. 

'  Wohlgemuth:  Loc.  cit. 

"  Goldmann:  Ztschr.  f.  physiol. 
Chem.,  1888,  xii.,  254.  Brenzinger: 
Ibid.,  1892,  xvi.,  552. 

^°  Wohlgemuth:  Loc.  cit. 

"  Kossel  and  Wakemann:  Berl.  kl. 
Wchnschr.,  1904,  xli.,  1067.     Wake- 


physiol.    Chem.,    1886,    x.,    517,   in  man:  Ztschr.  f.  physiol.  Chem.,  1905, 

gastric  juice.  xliv.,  335.     Wohlgemuth:  Biochem. 

_ 'Schultzen  and  Riess:   Loc.   cit.,  Ztschr.,    1906,   i.,   161.     With  refer- 

B^JJ^mann:  Ztschr.  f.  physiol.  Chem.,  ence  to  amido  acids  see  also:  Jacoby: 

„.  .  .  Ztschr.  f.  physiol.  Chem.,  1900,  XXX., 


1882,  vi.,  184.     Riess:  'Loc.  cit. 

*Palma:  Ztschr.  f.  Heilk.,   1894, 

XV.,  463.  Walko:  Ibid.,  1901,  n.  F.^ 

»n"''  ^^^'     '^-    -Jaksch:  Nothnagel, 

bp.  Path.  u.  Ther.,"i.,  114,  Cases 

11,13  15,22,23,27,40. 

bchultzen  and  Riess:  Loc.  cit. 
Meyer:  Arch.  f.  exp.  P.  u.  P.,  1881, 
fZ;A  ^-  ^'■^"^-  Ztsch.  f.  Heilk., 
i1d?'  ""o'  ^°^-  Badt:  Diss.,  Beriin, 
i»Hl-  btarimg  and  Hopkins:  Guy's 
Hosp.   Rep.,    1890,  xxxii.,  275.     v. 


176.     Pfaundler:   Ibid.,   p.   75. 

"  Vrtijschr.,  f.  d.  prakt.  Heilk., 
1879,  cxliv.,  75. 

'*  Ztschr.  f.  klin.  Med.,  1883,  iv., 
413. 

"  Berl.  kl.  Wchnschr.,  1893,  xxx., 
1138. 

i«Deut.  med.  Wchnschr.,  1893, 
xix.,  569. 
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While  protein  metabolism  is  activated  in  subacute  phosphonis 
poisoning,  the  symptomatology  presents  many  analogies  with 
that  resulting  from  deprivation  of  oxygen,  and  would  indicate 
a  depression  of  the  total  metaboHsm.  This  is  due  to  some  ex- 
tent, no  doubt,  to  an  insufficient  supply  of  oxygen  to  the  tissues 
resulting  from  diminution  of  blood  pressure,  but  the  ability  of 
the  cells  to  utilize  that  supply  which  they  do  receive  may  also  be 
impaired.  The  results  of  respiration  experiments  made  with 
the  object  of  determining  whether  diminished  oxj'gen  consump- 
tion and  carbon  dioxid  output  occur  in  phosphorus  poisoning  are, 
however,  not  concordant.  Bauer^  and  Welsch-  found  a  dimi- 
nution of  carbon  dioxid  output,  the  former  of  fortj'-five  to  forty- 
seven  per  cent,  and  the  latter  of  twenty-four  to  twenty-nine  per 
cent.  On  the  other  hand,  Lo  Monaco,^  Athanasiu,*  and  Lusk* 
found  no  reduction  of  the  total  metabolism. 

Lusk"  attributes  the  fatty  degeneration  of  phosphorus  poi- 
soning to  non-combustion  of  lactic  acid,  which  is  the  first  product 
of  metabolism  of  dextrose.  Neubauer,'  however  in  his  experi- 
ments found  that  the  power  of  the  organism  to  oxidize  lactic  acid 
is  not  materially  diminished.  That  the  metabolism  of  the  carbo- 
hydrates is  modified  is  also  shown  by  the  great  diminution  or 
complete  disappearance  of  glycogen  and  glucose  which  occurs 
in  the  liver  and  elsewhere.^  Although  spontaneous  glycosuria 
is  of  rare  occurrence,  it  is  met  with  in  a  small  proportion  of 
cases, ^  and  Walko^"  has  shown  that  the  tolerance  for  excess  of 
glucose  is  diminished.  He  produced  alimentary  glycosuria, 
within  the  first  twelve  days  after  the  poisoning,  with  100  gm.  of 
glucose,  in  42  of  his  61  cases.     In  dogs  poisoned  by  phosphorus 

'  Ztschr.  f.  Biol.,  1871,  vii.,  63.  Konikoff:  Jhrbt.  f.  Thierch.,  1876, 

=  Arch.  int.  de  pharmacod.,  etc.,  vi.,  189.    Rosenbaum:  Diss.,  Dorpat, 

1905,  xiv.,  211.  1879;  Arcii.f.  exp.  P.U.P.,  1882,xv., 

^  Bull.  d.  r.  Accad.  med.  di  Roma,  450.      Kaufholz:    Diss.,    Wurzburg, 

1893,  xix.,  39.  1898;  Jhrbt.  f.  Thierch.,  1900,  xxx., 

*Pfliig.  Arch.,  1899,  Ixxiv.,  511.  879.     Athanasiu:  Pflug.  Arch.,  1899, 

=^Amer.     J.     of     Physiol.,     1907,  Ixxiv.,    411.      Rosenfeld:    Verh.   d. 

xix.,  461.  Congr.  f.  inn.  Med.,  1901,  xix.,  518. 

"  hoc.  cit.,  also:  Mandel  and  Lusk:  Mohr:  Ztschr.  f.  exp.  Path.  u.  Ther., 

Amer.  J.  of  Physiol.,  1906,  xvi.,  129.  1905,  i.,  1S4. 
The  lactic  acid  may  originate  from  «  See  p.  654. 

either      protein      or      carbohydrate  "  Ztsch.  f.  Heilk.,  1901,  xxii.,  Int. 

metabolism.  Med.,     339.     See    also    v.    Jaksch: 

'  Arch.  f.  exp.  P.  u.  P.,  1909,  Ixi.,  Verh.  d.  Congr.  f.  inn.  Med.,  1895, 

387.  xiii.,  535;  1898,  xvi.,  122. 

'  Schultzen   and    Riess:     Loc.  cit. 
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the  lactic  acid  disappears,  and  the  ammoniacal  urine  becomes 
acid  when  phloridzin  glycosuria  is  established.' 

The  most  prominent  lesion  in  subacute  phosphorus  poison- 
ing is  fatty  degeneration,  occurring  notably  in  the  liver  cells, 
but  also  in  the  heart,  kidneys,  etc.  Whether  the  increase  in  the 
amount  of  fat  which  has  been  demonstrated  to  occur  in  the 
liver  cells  is  produced  by  the  formation  there  of  fat  from  the 
proteins  or  carbohydrates,  or  is  transported  there  from  the  fat 
deposits  of  the  body,  or  in  both  ways,  has  been  the  subject  of 
much  experimentation  and  discussion.  The  question  cannot 
yet  be  said  to  be  definitely  settled,  although  in  no  case  has  fat 
been  shown  to  have  been  produced  from  proteins  in  the  living 
organism,  and  the  weight  of  evidence  is  decidedly  in  favor  of  the 
theory  of  transportation.^ 


'  Mandel  and  Lusk:  Loc.  cif. 

^v.  Hauff:  Med.  Corr.-Bl.  d. 
Wurtemb.  A.-Ver.,  1860,  xxx.,  265. 
Lewin:  Virch.  Arch.,  1861,  xxi.,  506. 
Liebermeister:  "  Beitr.  z.  path.  An. 
d.  Leberk.,"  1864.  Munk  and 
Leyden:  "Phosphorverg.,"  1865. 
Voit:  Ztsohr.  f.  Biol.,  1869,  v.,  106. 
Schultzen  and  Riess:  Ann.  d. 
Charity  K.-H.,  1869,  xv.,  1.  Bauer: 
Ztschr.  f.  Biol.,  1871,  vii.,  63. 
Zenker:  Deut.  Arch,  f .  kl.  Med.,  1872, 
X.,  166.  Frankel:  Virch.  Arch., 
1876,  Ixvii.,  273;  1877,  Ixx.,  117. 
Naunyn:  Ziemseu's  "Handb.  d.  sp. 
Path.,"  XV.,  334.  Steichele:  Diss., 
Munchen,  1883.  Lebedeff:  Pflilg. 
Arch,,  1883,  xh.,  11.  Starck:  Deut. 
Arch.  f.  kl.  Med.,  1884,  xxxv.,  96. 
Leo:  Ztschr.  f.  physioL  Chem.,  1885, 
ix.,  469.  Schmitt:  Diss.,  Bonn, 
1885.  Stolnikow:  Arch.  f.  Physiol., 
1887,  Supl.  Bd.  1.  Bergeat:  Sitzber. 
d.  Gesell.  f.  Morph.  u.  Phys.  in 
Munchen,  (1887)  1888,  iii.,  129. 
Nathanson:  Diss.  Beriin,  1889. 
Heffter:  Arch.  f.  exp.  P.  u.  P., 
1891,  xxviii.,  97.  Lo  Monaco:  Bull, 
d.  r.  Accad.  med.  di  Roma,  1892-3, 
XIX.,  39.  Krehl:  Deut.  Arch.  f.  kl. 
Med.,  1894,  \i.,  416.  Carbone :  Arch, 
ital.  de  biol.,  1896,  xxvi.,  279.  Poli- 
manti:  Pflug.  Arch.,  1898,  Ixx,,  349. 
Pfiuger:PfluK.  Arch.,  1898,  Ixxi.,  318. 
Daddi:  Lo  Sperim.,  1898,  Hi.,  215. 
Lmdemann:  Beitr.  z.  path.  Anat.  u. 
Phys.,  1899,  xxv.,  392.  Athanasiu: 
Pfliig.  Arch.,  1899,  Ixxiv.,  511.    Tay- 


lor: J.  exp.  Med.,  1899,  iv.,  399;  1903, 
n.  S.,  iv.,  59.  Ray,  McDermott  and 
Lusk:  Am.  J.  of  Physiol.,  1899,  iii., 
139  (but  see  note  1,  p.  132,  Ibid., 
1906,  xvi.).  Rosenfeld:  Allg.  med. 
Centr.  Ztg.,  1900,  Ixix.,  1051.  San- 
soni  and  Serene:  xxiii.  Congr.  int.  de 
m6d.,  1900,  Path,  int.,  522.  Hester: 
Virch.  Arch.,  1901,  clxiv.,  293. 
Balthazard:  C.  r.  Soc.  de  biol.,  1901, 
liii.,  922.  Woltke:  Diss.,  Moscow, 
1901 ;  Russ.  med.  Rundschau,  1902-3, 
225,  319.  Rosenfeld:  Kongr.  f.  inn. 
Med.,  1901,  518.  Id.,  Ergebn.  d. 
Physiol.,  1902,  i.,  1  Abt.,  651.  Kraus: 
Mitth.  d.  Ver.  d.  Aerzte  in  Steier- 
mark,  1902,  xxxix.,  397.  Kraus  and 
Sommer:  Hofmeister's  Beitr.,  1902, 
ii.,  86.  Barro:  Diss.,  Warsaw,  1902; 
Jhrbt.  f.  Thierchem.,  1902,  xxxii., 
75.  Herxheimer:  Ergebn.  d.  allg. 
Path.,  1902,  viii.,  625.  Cavazza: 
Policlin.,  Roma,  1903,  ix.,  16. 
Schwalbe:  Verb.  d.  deut.  path. 
Gesell.,  Centbl.  d.  allg.  Path.,  1904, 
XV.,  Ergh.,  71.  Rosenfeld:  ihid.,  p. 
73;  Berl.  kl.  Wchnschr.,  1904,  xH., 
587,    617.     Tischner:    Virch.   Arch., 

1904,  clxxv.,  158.  Oddo  and  Olmer: 
C.  r.  Soc.  de  biol.,  1904,  Ivi.,  901. 
Dietrich  and  Hegler:  Arb.  a.  d.  path. 
Inst,  zu  Tubingen,  1904,  iv.,  3. 
Waldvogel  and  Tintemann:  Centbl. 
f.  allg.  Path.,  etc.,  1904,  xv.,  97. 
Landsteiner  and  Mucha:  Cblt.  f. 
allg.  Path.  u.  path.  An.,  1904,  xv., 
752.   Wells:  Ztschr.  f .  physiol.  Chem., 

1905,  xlv.,    412.      Meinertz:    Ibid., 
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Apart  from  the  introduction  into  the  blood  of  substances 
foreign  to  it,  such  as  the  biUary  pigments,  which  results  seconda- 
rily from  the  anatomical  lesions  in  the  liver  which  it  produces, 
phosphorus  acts  upon  the  constituents  of  the  blood  itself.  Al- 
though Robert '  states  that  Tirmann  indirectly  showed  an  exten- 
sive disintegration  of  erythrocytes  by  phosphorus  poisoning  in 
cats,  the  observations  of  others  in  the  human  subject  show,  not 
a  diminution,  but  an  increase  in  the  number  of  red  corpuscles.^ 
As  early  as  1842,  Nasse^  observed  that  the  blood  of  animals  to 
which  phosphorus  was  administered  for  several  days  had  become 
uncoagulable.  This  quality  of  the  blood  has  been  frequently 
observed  in  man  when  death  does  not  occur  rapidly.  Corin  and 
Ansiaux  ^  found  that  the  blood  of  animals  dying  rapidly  from 
acute  poisoning  retains  its  coagulability,  but  that  when  death 
occurs  in  4  to  5  days  from  subacute  poisoning  the  blood  is  incoag- 
ulable, and  then  contains  no  fibrinogen,  thrombin,  or  prothrombin. 
Similar  results  have  been  obtained  by  Jacoby,^  Doyon,  Morel 
and  Kareff,^  Boddaert,'  and  Cevidalli.^  The  blood  sometimes 
contains  fat  globules  in  large  numbers,'  which  may  lead  to  fat 
embolism  in  the  lungs.'" 


1905,  xliv.,  335.  Waldvogel:  Deut. 
Arch.  f.  kl.  Med.,  1905,  Ixxxii.,  437. 
Further  bibliography  in  Athanasiu, 
Lindemann,  and  Herxheimer,  loc.  cit. 

"'Lehrb.  d.  Intox.,"  2te  Aufl., 
ii.,  289. 

2  See  p.  652. 

'Wagner's  "Handworterb.  d. 
Physiol.,"  1842,  i.,  120. 

»  Vrtljschr.  f.  ger.  Med.,  1894,  3  F., 
vii.,  79,  212. 

=  Ztschr.  f.  physiol.  Chem.,  1900, 
XXX.,  176. 

"C.  r.  Ac.  Sc,  1905,  cxl.,  800. 

'  Bull.  Soc.  de  med.  de  Gand,  1896, 
Ixiii.,  42. 

'  Riforma  med.,  1902,  xviii.,  iv., 
686,  699,  711. 

"  Corin  and  Ansiaux:  Loc.  cit. 
Hessler:  Vrtljschr.  f.  ger.  Med.,  1S82, 
n.  F.,  xxxvi.,  10.  Menard:  Th. 
Strasbourg,  1869;  Arch.  g^n.  de 
m6d.,   1871,   6  s.,  xvii.,   217. 

'» See  p.  658. 

Note. — See  further  for  action  on 
heart  and  vessels:  Wagner:  Arch.  d. 
Heilk.,  1862,  iii.,  359.  Meyer:  Arch, 
f.  exp.  P.U.P.,  1881,xiv.,  313.  Pal: 
Jhrb.  d.  wien.  k.  k.  K.-Anst.,  1895 


(1897),iv.,  Pt.2,  3;  Ztsoh.  f.  Hejlk., 
1900,  xxi.,  49.  Loewi:  Arch.  f.  exp. 
P.  u.  P.,  1896,  xxxviii.,  136.  Duc- 
ceschi:  Lo  Sperm.,  1898,  Iii.,  50. 
Rotky:  Prag.  med.  Wchnschr.,  1906, 
xxxi.,  219.  Upon  the  nervous 
system:  Danillo:  St.  Petersb.  med. 
Wchnschr.,  1880,  v.,  133.  Briliant: 
Arch.  f.  exp.  P.  u.  P.,  1882,  xv.,  439. 
Sarbo:  Ungar.  Arch.  f.  Med.,  1892-3, 
i.,  264.  Gurrieri:  Riv.  sper.  di 
freniat.,  1896,  xxii.,  425.  Rossi: 
Riv.  di  patol.  nerv.  e  ment.,  1897,  ii., 
535.  Henschen:  Neurol.  Centbl., 
1898,  xvii.,  386;  1900,  xix.,  655. 
Tischner:  Virch.  Arch.,  1904,  clxxv., 
158.  Rotky:  Loc.  cit.  On  the  eye: 
Steinhaus:  Beitr.  z.  path.  Anat., 
1897,  xxii.,  466.  Medea:  Riv.  sper. 
di  freniat.,  1905,  xxxi.,  246.  On 
the  bones  and  marrow:  Wegner: 
Virch.  Arch.,  1872,  Iv.,  11.  Stockman 
and  Charteris:  J.  of  Path,  and  Bact., 
1903-4,  ix.,  205.  Kochman:  Pflug. 
Arch.,  1907,  cxix.,  417.  On  the 
uterus:  Hitschmann  and  Lindenthal: 
Arch.  f.  Gyn.,  1903,  Ixix.,  580.  On 
the  thyroid;  Roger  and  Gamier: 
0.  r.  Soc.  de  biol.,  1900,  Iii.,  65. 
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Symptoms. — The  clinical  history  of  most  cases  of  acute 
phosphorus  poisoning  may  be  divided  into  two  distinct  periods, 
which  are  frequently  separated  by  an  interval  of  euphoria.  This 
interval  may  be  of  two  or  three  days'  duration,  or  even  longer/ 
and  during  it  patients  have  been  frequently  discharged  from 
hospitals  as  cured.  Or  the  intensity  of  the  primary  action  may 
be  so  slight  that  the  person  affected  only  comes  under  medical 
observation  after  the  second  stage  has  been  fully  established. 
In  some  cases,  indeed,  the  symptoms  of  the  first  stage  have  been 
insignificant  in  cases  which  have  subsequently  terminated  in 
death. ^  On  the  other  hand,  instances  are  not  wanting  in  which 
death  has  been  caused  by  the  violence  of  the  primary  effects 
within  twenty-four  hours 'after  the  taking  of  the  poison,  and  be- 
fore any  of  the  symptoms  of  the  second  stage  have  been  exhib- 
ited.^ The  cause  of  death  in  these  rapidly  fatal,  or  peracute, 
cases  is  cardiac  paralysis.* 

There  is  usually  an  interval  of  two  to  six  hours  after  the  inges- 
tion, during  which  no  effects  are  observed  save  the  taste  of  the 
poison,  which  may  or  may  not  be  experienced  at  the  time  it  is 
swallowed,  and  a  sense  of  warmth  in  the  throat  and  stomach. 
But  sometimes,  particularly  when  large  doses  are  taken  under 
circumstances  favoring  solution,  vomiting  and  abdominal  pain 
are  produced  immediately.^     On  the  other  hand,  a  longer  period 

'  Roque   and  Dumas:     (Provence  Alexander:     Berl.     kl.     Wchnschr., 

mM.,  1907,  xviii.,  430)  report  a  case  1866,  iii.,  59.     Casper:    "Handb.   d. 

in   which   the   gastro-enteric    stage  ger.  Med.,"  3te  Aufl.,  ii.,  464. 

lasted  for  fifteen  days,  and  was  fol-  *  Meyer:   Arch.   f.   exp.  P.   u.  P., 

lowed  by  a  period  of  sedation  of  three  18Sl,xiv.,  313.    Hauser:  Ibid., 1895, 

weeks  before  the  appearance  of  the  xxxvi.,  166.     Steichele:   Diss.,  Mun- 

second  stage.  chen,  1883.    Pal:  Jahrb.  d.  Wien.  k. 

^Starck:  Deut.  Arch.  f.  kl.  Med.,  k.   Krank.-Anst.,    1895    (1897),   iv., 

1884,  XXXV.,  488,  case  iii.    Elkinsand  pt.  2,  3;  Ztsch.  f.  Heilk.,  1900,  xxi., 

Middlemass:   Brit.  Med.  J.,  1891,  49.     Ducceschi:    Le    Sperim.,   1898, 

ii.,1302.   Courtney:  Brit.  J.  of  Child.  Iii.,    50.     Niedermaier:    Friedreich's 

Dis.,  1906,  iii.,  345.     Federschmidt  Bl.   f.    ger.    Med.,    1906,   Ivii.,    145. 

(Munch,  med.  Wchnsch.,  1906,  liii.,  Tappeiner:    "Lehrb.   d.  Arzneim.," 

2060)  has  reported   the   case   of   a  1893,  267. 

strong  man  who  died  in  ten  days,  *  Brulle:  Th.  Paris,   1860,   p.  38. 

but  worked  the  whole  of  the  second  Tardieu     and     Roussin:     "Emp.," 

day,  and  was  not   seriously  ill   for  26me  ed.,  p.  533.     Oppolzer:  Deut. 

three  days  thereafter.     In   one   of  Klin.,    1867,   xix.,  229.     v.  Jaksch: 

Causs^  and  Chevalier's  cases  (Ann.  Nothnagel's  "Spec.  Path.  u.  Ther.," 

d  hyg.,  1855,  2  s.,  iii.,  138)  a  man  of  114,  cases  xii.,  xv.     Kiemann:  Ber. 

twenty-eight  attended  to  his  affairs  .  .  .  Rudolph-Stift.,  1883,  407,  case 

and  walked  16  km.  (10  miles)  on  the  ii.    Lanz:  Berl.  kl.  Wchnschr.,  1895, 

fourth  day  preceding  his  death  on  xxxii.,     879,     case     v.     Benjamin: 

the  eleventh  day.  Charity  Ann.,  1897-8,  xxiv.,  250. 

'See  cases  cited  on  p.  641,  and 
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may  elapse  before  the  gastro-enteric  symptoms  appear  with 
severity.  In  Cutler's  case/  in  Stevenson's/  and  in  one  of 
Starck's^  the  patients  began  to  vomit  in  about  12  hours.  Jiirgen- 
sen's"*  patient  vomited  only  36  hours  after  having  taken  the 
heads  of  eight  packages  of  matches.  Another  of  Starck's 
patients^  had  no  trouble  for  2  days,  when  she  was  taken  with 
severe  vomiting  and  violent  pain.  There  is  usually  pain  of  a 
burning  character  in  the  epigastrium,  which  varies  greatly  in 
intensity  in  different  cases,  frontal  headache,  which  is  severe  and 
persistent,  thirst,  a  subnormal  temperature,  and  a  small,  soft, 
and  easily  compressible  pulse.  The  expired  air  has  the  odor 
of  garlic,"  and  there  are  eructations  of  gas  having  a  similar 
character.  In  dark  places  there  may  be  a  luminous  appearance 
about  the  mouth  from  the  adherence  of  particles  of  phosphorus  to 
the  buccal  lining  or  about  the  lips,'  which  latter,  in  exceptional 
cases,  have  been  reddened  or  ecchymosed.*  Although  phos- 
phorus is  probably  not  eliminated  by  the  lungs,  the  expired  air 
sometimes  is  luminous.'  There  is  nausea,  followed  by  vomiting 
of  matters  which  have  the  odor  and  luminosity  of  phosphorus,'" 
and  which  may  be  tinged  with  bile.  Somewhat  later  there  is 
purging,  the  fasces  being  dark  and  offensive,  sometimes  luminous 


'  Boston    M.     and    S.    J.,     1862,  osity    about    the    mouth    24   hours 

Ixvi.,  393.  after  the  poison  had  been  swallowed, 

^  Guy's  Hosp.  Rep.,  1S77,    xxii.,  and    the   alliaceous   odor  for   three 

449.  days    (Virchow's   Jahrbt.,    1879,  i., 

=  Deut.  Arch.    f.    kl.  Med.,  1884,  404). 

XXXV.,  481,  case  ii.  «  Coupland:  Lancet,  1879,  ii.,  309. 

*Berl.  kl.   Wchnschr.,    1S71,  viii.,  Curtis:   Boston  M.  and  S.  J.,  1876, 

241.  xciv.,     433.     Alexander:     Berl.   kl. 

^Loc.  cit.,  case  iii.  Wchnschr.,  1866,  iii.,  59. 

"In   one  of    Niedermaier's  cases,  ^Stevenson:  Lancet,  1880,  i.,  644. 

fatal  on  the  fifth   day,   the  breath  Woodman:    Med.   Times  and   Gaz., 

was   still  alliaceous   on   the   fourth  1864,     ii.,     386.     Zeidler:    Ann.  d. 

day  (Friedreich's   Bl.  f.  ger.   Med.,  Charity   K.-H.,  1860,   ix.,  1.    Cam- 

1906,  Ivii.,   219);  and  in  a  case  re-  pana:  J.  de  chim.  m^d.,  1858,  4  s., 

ported  by  Dawson  (Med.  Times  and  iv.,  610.     Roque  and  Dumas:  Pro- 

Gaz.,    1863,    ii.,    378)    on  the  third  vencemed.,  1907,  xviii.,  430.  Logan: 

day.     In  one   of   Lanz's  cases  {Loc.  California    M.    J.,    1895,   xvi.,  341. 

cit.)    the   breath   was   still   strongly  Buchner:    Friedreich's    Bl.   f.    ger. 

alliaceous   one   hour  after  the  stom-  Med.,  1864,  xv.,  46. 

ach  had  been   washed  out  with  50  "  The  luminous  appearance  is  not 

liters    of    liquid.     In    Hillier's    case  observed  in  presence  of  alcohol  or 

(Proc.  Roy.  M.  and  Ch.  See,  1867,  oil  of  turpentine  (see  pp.  631,  662). 

v.,  330),    the   odor  was  not  detect-  In  one  of  Benjamin's  cases  (Loc.  cii.) 

able  until  the  second  (\a.j,  and  lasted  the  matter  vomited  after  five  hours, 

48  hours.  during    which    vomiting    was    fre- 

Jablowski   observed   the   lumin-  quent,  was  still  luminous. 
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in  the  dark,  and  may  contain  phosphorus  in  substance.'  The 
duration  of  this  stage  does  not  usually  exceed  two  to  three  days, 
but  sometimes  it  may  last  for  a  longer  period,  and  may  overlap 
upon  the  second  stage.^  The  symptoms  usually  abate  in  se- 
verity and  there  is  the  semblance  of  recovery,  except  in  rapidly 
fatal  cases. 

In  from  two  to  six  days^  after  the  poisoning  the  second  stage 
begins  with  jaundice,  which  increases  in  depth  with  the  intensity 
of  the  poisoning,  and  a  recurrence  or  exacerbation  of  the  symp- 
toms of  the  first  stage.  The  vomiting  and  hepatic  pain  are  very 
distressing.  At  the  same  time  the  area  of  hepatic  dullness  is 
increased,  and  is  sensitive  to  pressure,  the  increase  in  some  cases 
being  followed  by  contraction.  The  vomit  and  faeces  contain 
blood,  and  there  are  hemorrhages  from  the  nasal  and  other  mu-- 
cous  membranes,  and  notably,  in  the  female,  from  the  vagina 
and  uterus.  There  are  fever  and  intense  frontal  headache. 
Even  in  this  later  stage  the  breath  is  sometimes  alliaceous,*  and 
the  vomit  and  dejecta  may  be  luminous.^  Priapism  has  been 
observed  in  the  male,'  and  sexual  excitement  in  the  female.' 
Phosphorus  advances  menstruation,'  and  causes  abortion.^ 

Although  it  is  claimed  that  severe  nervous  disturbances  occur 
much  more  rarely  in  phosphorus  poisoning  than  they  do  in  acute 
atrophy  of  the  liver,'"  they  do  occur  in  many  cases  of  the  poison- 
ing.   Delirium"  sometimes  of  great  violence,  convulsions  and 

'BoUinger:    Deut.    Arch.    f.    kl.  "Cooper:^    Brit.    Med.    J.,     1858, 

Med.,     1869,     vi,,    94.     Fagerlund:  846     (case    ii.).    Solon:    "Diet,    de 

Vrtljschr.  f.   ger.   Med.,    1894,  viii.,  m^d.  at  de  chir.,"  xii.,  707.     Galla- 

Suplh.,  80.    Peabody:  Tr.  New  York  vardin:    Gaz.   m^d.   de  Paris,  1864, 

Path.  See,  1879,  iii.,  54.    Lanz:  Berl.  3  s.,  xix.,  321,  cases  ii.  and  iii. 

kl.    Wchnschr.,    1895,    xxxii.,    879.  '  Neumann:    Wien.    med.    Halle, 

Logan:  California  Med.  J.,  1895,  xvi.,  1864,     v.,    134.     Zeidler:     Ann.    d. 

34.  Charity  K.-H.,  1860,  xi.,  1.    Hft.,  1. 

^  Haushalter  (Rev.  m^d.  de  I'Est,  Meyer:   Virch.   Arch.,   1865,  xxxiii., 

1906,  xxxviii.,   341)  reports  a  non-  297. 

fatal    poisoning    in     which     severe  '  Andant:    Ann.    d.    hyg.,     1873, 

vomiting   continued    for    six    days,  2  s.,  xL,  408,  416. 

with  slight  icterus  upon  the  fourth.  °  See  p.  637. 

'  In   a    case  reported    by  Hebra  '»  See  p.  658. 

(Phila.  Med.  Times,  1881-2,  xii.,  866)  "  Zeidler:  Loc.  cit.  Wagner:  Arch, 

there  was  no  icterus  for  six  days.  d.    Heilk.,    1862,   iii.,  359.     Tungel: 

'Anderson:  Lancet,  1871,  ii.,  189.  Deut.   Klin.,    1863,   xv.,    395,   cases 

Blaschko:    Vrtljschr.    f.    ger.    Med.,  xii.,    xix.     Krug:    Arch    d.    Heilk., 

1877,  n.  F.,  xxvii.,  563.  1865,  vi.,  568.    Oppolzer:  Allg.  Wien. 

'Cayley:   Lancet,    1883,   i.,  1041.  med.  Ztg.,  1865,  x.,  233.     BoUmger: 

Rothhammer:  Diss.,  Wilrzb.,  1890,  Deut.   Arch.   f.   kl.   Med.,   1860,  v., 

P-    22.    Lion:    Wien.    med.    Presse,  149.      Schumacher:      Wien.      med. 

1866,  vii.,  941.  Presse,    1873,    xiv.,  300.    Berthold: 
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coma,'  spasms  and  tetanus,^  paralyses/  and  neuroses*  have  been 
noted,  and  in  many  cases  the  cause  of  the  symptoms  has  been 
found  at  the  autopsy  in  hemorrhage  upon  the  brain  or  cord  or  in 
the  sheaths  of  nerves. 

The  loss  of  coagulability  and  diminished  alkalinity  of  the  blood 
have  been  referred  to  above. ^  The  serum  loses  its  haemolytic 
power.^  The  proportion  of  haemoglobin  was  found  by  v.  Jaksch' 
to  vary  from  9.8  to  14.7  per  cent.,  or  slightly  below  the  normal 
average  of  fourteen  per  cent.,  while  Quincke*  found  it  to  be  nor- 
mal. Tausig'  and  v.  Jaksch'"  have  shown  that  with  the  appear- 
ance of  hepatic  symptoms  there  is  a  notable  transitory  increase 


Arch.  d.  Heilk.,  1876,  xiii.,  258. 
Frankel:  Berl.  kl.  Wchnschr.,  1878, 
XV.,  265.  Sheen:  Brit.  Med.  J., 
•1879,  i.,  347.  Cocker:.  Med.  Times 
and  Gaz.,  1882,  i.,  303.  Mader: 
Ber.  d.  k.  k.,  Krank.,  Rudolphstift., 
1884,  299.  Paltauf :  Wien.  kl.  Wchn- 
schr., 1888,  i.,  513.  Elkins  and 
Middlemass:  Brit.  Med.  J.,  1891,  ii., 
1302.  Reichel:  Wien.  kl.  Wchnschr., 
1894,  vii.,  153.  Coester;  Vrtljschr.  f. 
ger.  Med.,  1899,  3  F.,  xvii.,  63. 

'  Cooper:  Brit.  Med.  J.,  1858,  i., 
846.  Stevenson:  Guy's  Hosp.  Rep., 
1877,  xxii.,  449.  Willmore:  Brit. 
Med.  J.,  1878,  i.,  564.  Vleminckx: 
Presse  m6d.  beige,  1879,  xxxi.,  209. 
Lundblad:  Upsala  lak.  forh.,  1881-2, 
xvii.,  41.  Harris:  Lancet,  1886,  ii., 
582.  Hammer:  Prag.  med.  Wchn- 
schr., 1889,  xiv.,  79.  Mitchell:  Glas- 
gow Med.  J.,  1895,  xliv.,  267.  Court- 
ney: Brit.  J.  of  Child.  Dis.,  1906, 
iii.,  345. 

=  Cutler:  Boston  M.  and  S.  J., 
1862,  Ixvi.,  393.  Karajan:  Allg.  med. 
Ztg.,  1863,  viii.,  206.  Hillier:  Pr. 
Roy.  Med.  and  Chir.  Soc,  1867, 
v.,  330.  Waterhouse:  Brit:  Med.  J., 
1869,  ii.,  454.  Vetter:  Virch.  Arch., 
1871,  liii.,  168,  case  F.  Sinclair: 
Edinb.  Med.  J.,  1886-7,  xxxii.,  800. 
Hammer:  Loc.  cit.  v.  Jaksch:  Noth- 
nagel  "Spec.  Path.  u.  Ther.,"  i.,  110, 
130,  cases  4,  38.  v.  Stransky:  Prag. 
med.  Wchnschr.,  1897,  xxii.,  3S1. 
Gorges:  Therap.  Monatsh.,  1901, 
XV.,  47.  Routa:  Prag.  med.  Wchn- 
schr., 1903,  xxviii.,  479.  Rotky: 
Ihid.,  1906,  xxxi,,  219. 

'  Bollinger:  Deut.  Arch.  f.  kl. 
Med.  1869,  vi.,  94.  Bettelheim:  AVien. 
med.  Presse,  1868,  ix.,  961.     Heschl: 


Wien.  med.  Wchnschr.,  1876,  xxvi., 
473.  Hessler:  Vrtljschr.  f.  ger.  Med., 
1881,  n.  F.,  XXXV.,  248;  1882,  n.  F., 
xxxvi.,  10.  Hebra:  Phila.  Med. 
Times,  1881-2,  xii.,  866.  Arnaud: 
Marseille  m4d.,  1890,  xxvi.,  145. 
Yamen^:  Wien.  kl.  Wchnschr.,  1891, 
iv.,  507.  Reichel:  Wien. kl. Wchnschr., 
1894,  vii.,  153,  175.  Chaumier:  Gaz. 
m6d  du  centre,  1904,  ix.,  297,  336, 
356,  373. 

^  Henschen:  Neurol.  Centbl.,  1898, 
xvii.,  386;  1900,  xix.,  555.  Medea: 
Riv.  sper.  di  fren.,  1905,  xxxi.,  246. 
Roque  and  Dumas:  Provence  mM., 

1907,  xviii.,  430,  also:  Roque:  Lyon 
m^d.,  1907,  cLx.,  35.  See  also:  Galla- 
vardin:  Gaz.  m6d.  de  Paris,  1864, 
3  s.,  xix.,  321,  348,  406,  636.    . 

=  See  pp.  645,  64S. 

*  Ehrlich  and  Morgenroth:  Berl. 
kl.  Wchnschr.,  1900,  xxxvii.,  453. 
Schneider:  Sitzber.  d.  Gesell.  f. 
Morphol.  u.  Physiol,  in  Miinchen, 
1902  (1903),  xviii.,  50.  Bergmann 
and  Savini:  Ztschr.  f.  exp.  Path.  u. 
Ther.,    1907,    iv.,    817. 

'  Nothnagel:  "Spec.  Path.  u. 
Ther.,"  1894,  IIQ  et  seq. 

^  Virch.  Arch.,  1872,  liv.,  537. 

«  Arch.  f.  exp.  P.  u.  P.,  1892,  xxx., 
161. 

"Deut.  med. Wchnschr., 1893,  xix., 
10,  and  loc.  cit.  For  other  observa- 
tions of  polycythemia  see:  Robit- 
scheok:  Deut.  med.  Wchnschr.,  1893, 
xix,,  569.  Benjamin:  Charity  Ann,, 
1S97-8,  xxiv.,  250.  Routa:  Prag. 
med.  Wchnschr.,  1903,  xxviii.,  479. 
Silbermann:  Ihid.,  1907,  xxxii.,  167. 
Pisarski:   Deut.   Arch.   f.   kl.  Med., 

1908,  xciii.,  237. 
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in  the  number  of  red  corpuscles  in  the  blood,  in  one  case  reaching 
8,600,000  per  cubic  mm.  in  a  woman, '  while  the  number  of 
leucocytes  varied  greatly  in  von  Jaksch's  cases,  falling  as  low  as 
3,200  and  rising  to  SajTOC^*  Welsch,^  in  experiments  with  dogs, 
also  observed  a  notable  increase  in  the  number  of  erythrocytes, 
but  he  considers  it  to  be  rather  apparent  than  absolute,  owing 
to  a  diminution  in  the  total  mass  of  the  blood.  D'Amore  and 
Falcone,^  experimenting  upon  dogs  by  progressively  increasing 
doses  over  five  months,  found  not  an  increase,  but  a  constant 
diminution  in  the  number  of  erythrocytes;  and  Frankel  and  Roh- 
mann^  and  VogeP  also  found  a  diminution  in  fasting  hens  in 
acute  poisoning.  In  consequence  of  the  altered  condition  of  the 
blood  and  of  the  vessels  subcutaneous  extravasations  of  blood 
■often  occur,  varying  in  size  from  petechiae  to  blotches  of  large 
area.' 

The  urine  during  the  earlier  stage  of  acute  phosphorus  poi- 
soning does  not  depart  from  the  normal;  it  is  only  after  the  cells 
have  become  affected  that  the  notable  changes  already  referred 
to*  are  produced.  Its  quantity  is  usually  normal,  although 
there  may  be  oliguria,  followed  by  polyuria.  °  In  fatal  cases  the 
quantity  of  urine  is  more  frequently  diminished  toward  the 
end  from  failure  of  blood  pressure.  The  color  of  the  urine  is 
dark  in  the  later  stages  from  presence  of  biliary  pigments.  The 
reaction  is  usually  normal,  although  it  has  been  reported  as 
alkaline'"  and  as  superacid.^'  Of  the  amido  acids  which  frequently 
occur  in  the  urine, '^  leucin  and  tyrosin  were  the  first  to  attract 

'  Tausig:  ioc.cii., p.  165.  Normal=  1881,    475.      Hebra:    Phila.     Med. 

5,000,000  for   man,    and   4,500,000  Times,    1881-2,   xii,,   866.      Henry: 

for  woman.  Boston  M.  and  S.  J.,  1883,  cix.,  14. 

^Normal  =  10,000  for  man,  and"  Friedlander:      Diss.,     Konigsberg, 

9,000  for  woman.  1892.    Seydel:  Vrtljsclir.  f .  gar.  Med., 

'Arch.  int.  de  pliarmacod.,  etc.,  1893,    3  F.,   vi.,    280.      Vollbracht: 

1905,  xiv.,  197.  Wien.kl.Wchnschr.,  1901,  xiv.,  1288. 

*  Ibid.,  1894-5,  i.,  247.                '  «  See  pp.  644-646. 

.    *  Ztschr.  f.  physiol.  Cliem.,  1880,  °  In  one  of  Starke's  cases  (Diss., 

>v.^  439.     ^  Jena,  1868),  fatal  in  four  days,  the 

°  Arch.  int.  de  pharmacod.,  1902,  quantities    of    the    last    three    days 

X-,  187.  were  715,  3,400,  and  2,250  c.c. 

'Nieman:  Ztschr.  f.  Staatsarznk.,  "  Mader:     Ber.  .  .Rudolph   Stift., 

1862,  Ixxxiii.,  185.     Krug:  Arch.  d.  1881,  327.     v.  Jaksch:  Loc.  cit.,  p. 

Heilk.,  1865,  vi.,  566.  HeschI:  Wien.  126,  case  28. 

med.  Wchnschr.,   1876,   xxvi.,  473.  "Poore:   Lancet,   1888,  ii.,  1055. 

V.    Maschka:    Mitth.     d.     Ver.     d.  Beard:  New  Zealand  Med.  J.,  1X1)4, 

Aerzte    m    Niederoest.,     1877,    iii.,  vii.,  12.     Munzer:  Deut.  Arch.  f.  kl. 

225.  Martin:  Brit.  Med.  J.,  1878,  i.,  Med.,  1893-4,  Iii.,  199,  six  cases  in  10. 

478.    Langer:    Med.   Jahrb.,   Wien,  '^  See  p.  645. 
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attention.  It  is  possible  that  the  crystalline  deposits  of  the 
urine  referred  to  as  leucin  have  sometimes  not  consisted  of  that 
substance,  but  of  urates;'  but  in  many  instances  these  amido 
compounds  have  been  fully  identified  by  their  chemical  re- 
actions.^ According  to  Miinzer/  the  elimination  of  phosphates 
is  increased  within  the  first  two  or  three  days,  the  excess  over  the 
normal  originating  only  in  very  small  part  from  oxidation  of  the 
ingested  phosphorus,  but  principally  from  increased  metabolism 
of  nucleins,  lecithins,  etc.,  as  is  shown  by  the  increased  relative 
value,*  which  at  first  rises  greatly,  and  then  falls  below  the  nor- 
mal. Oppolzer,'  Laub,"  Huber,'  and  Starke*  have  reported 
slight  increases  in  phosphoric  acid;  Falck,'  an  elimination 
double  the  normal;  and  Bettelheim'"  speaks  of  an  enormous 
increase  of  earthy  phosj^hates.  D'Amore  and  Falcone"  found- 
that  in  dogs  slowly  poisoned  by  smalt  doses  the  'elimination  of 
phosphoric  acid  is  notably  diminished.  Albumin  is  very  fre- 
quently present,  and  in  the  later  stage,  biliary  pigments.  Von 
Jaksch  recognized  indicanuria  in  12  of  40  cases.'-  UrobiHnuria 
was  observed  by  v.  Jaksch'^  in  seven  cases,  by  Marigliano"  in  2 
cases,  and  also  by  Rothhammer.'^  Spontaneous  glycosuria  has 
been  reported  by  BolHnger,"*  Poore,"  Huber,'*  Grose,"  Reichel,^" 


'Ewing  and  Wolf:  Am.  J.  M.  Sc,  57.79,    the    next    day    17.76,    and 

1906,  n.  s.,  cxxxi.,  760.  finally  3 .  86. 

=  Wyss:  Virch.  Arch.,  1865,  xxxiii.,  =  Deut.  Klin.,  1867,  xix.,  229. 

422.     Rothhammer:    Diss.,  Wurzb.,  MVien.  kl.  Wchnschr.,  1898,  xi., 

1890,  p.  22.   Ossikowsky:  Wien.med.  27. 

Presse,    1872,    xiii.,   121.     Fraenkel:  '  Ztschr.  f.  kl.  Med.,    1888,  xiv., 

Berl.  kl.  Wchnschr.,  1878,  xv.,  265.  479. 

Starke:  Loc.  cit.    Badt:  Diss.,   Ber-  ^  Loc.  cit. 

lin,   1891.      Liman:     Casper-Liman,  '  Arch.  f.  exp.  P.  u.  P.,  1877,  vii., 

"Handb.  d.  ger.  Med.,"  8te  Aufl.,  ii.,  -418. 

487.   Munzer:   Loc.  cit.     v.   Jaksch:  "  Wien.  med.  Presse,  1868, ix., 961. 

Loc.  cit.     Wohlgemuth:     Ztschr.   f.  "Arch.  int.  de  pharmaood.,  etc., 

physiol.     Chem.,     1905,     xhv.,     74.  1894-5,  i.,  247. 

Laub:  Wien.   kl.   Wchnschr.,    1898,  ^^  Loc. cit.   Also  Badt:  Diss.,  Berlin, 

xi.,  27.     Riess:  Berl.  kl.  Wchnschr.,  1891. 

1905,   xlii.,   Festn.    54,    in   36   cases  ^^  Loc.  cit. 

found  tyrosin  absent  29  times,  pres-  "  Gazz.  d.  osp.,  1906,  xxvii.,  856. 

ent    6    times,    and    doubtful    once.  '^  Diss.,  Wiirzburg,  1890,  p.  22. 

Edgeworth  and  Hall:  Med.  Chron.,  '°  Deut.   Arch.   f.   kl.  Med.,  1869, 

1907-8,  4  s.,  xiv.,  397.  vi.,  94. 

'  ^oc.  cit.,  p.  239.  i''  Lancet,  1888,  ii.,  1055. 

The  relation  of  total  nitrogen  to  i»  Ztschr.   f.  kl.  Med.,  18S8,  xiv., 

phosphoric   acid,   expressed   by  the  483 

proportion     N  :  P^O^ : :  100  :   ,r',    the  "  Lancet,  1889,  ii.,  902. 

yiUue  of  X  bemg  normally  17  to  20.  ^o  -\vien.  kl.  Wchnschr.,  1894,  vii., 

In  one  case  Munzer  found  it  to  be  153. 
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Laub/  and  Walko.^  In  Reichel's  case  there  was  extensive 
hemorrhage  into  the  sheath  of  the  vagi,  and  he  suggests  that  in 
his  case,  as  well  as  in  those  previously  reported,  the  glycosuria 
was  due  to  nervous  disturbance.  Walko,  however,  saw  six  cases 
of  spontaneous  glycosuria  in  141  poisonings,  two  of  which  appeared 
from  the  beginning,  and  four  in  the  second  week,  and  also  found 
that  in  a  large  proportion  of  the  other  cases  an  alimentary 
glycosuria  could  be  easily  estabhshed.  He  concludes  that  both 
the  spontaneous  glycosuria  and  the  diminished  tolerance  of  excess 
of  glucose  are  due  to  the  degenerative  changes  in  the  liver.  In 
a  case  reported  by  Erman'  the  urine  on  the  morning  of  the  eighth 
day  was  milky  from  the  presence  of  a  notable  amount  of  sus- 
pended oil  globules  (chyluria) .  The  sediment  in  the  later  stages 
contains  large  numbers  of  epithelial  cells,  and  casts,  which  may 
be  hyaline  or  epithelial,  or  blood  casts,  very  frequently  tinged 
with  bile  pigment,  and  the  attached  epithelium  infiltrated  with 
oil  globules.  Tyrosin  appears  in  bundles  of  colorless  crystals, 
and  leucin  in  round,  striated  nodules  of  varying  size  and  yellow 
or  brown  in  color. 

The  temperature  is  slightly  subnormal  during  the  first 
stage,  but  later  there  is  fever,  frequently  with  a  sharp  and 
marked  elevation  of  temperature,  which  may  reach  39.4°  (103°F.), 
which,  however,  continues  only  for  one  to  three  days,  and  is 
followed  by  a  subnormal  temperature.  In  fatal  cases  the  tem- 
perature usually  falls  toward  the  end,  but  in  one  of  v.  Jaksch's 
cases^  there  was  a  rise  to  40.1°  (104.2°  F.)  shortly  preceding 
death;  and  in  a  case  reported  by  Niedermaier,^  fatal  in  five 
days,  the  temperature,  previously  subnormal  except  upon  two 
occasions,  was  on  the  last  day  96.8°,  98.6°,  and  98.4°. 

Disturbances  of  the  circulation  do  not  occur  until  late  in  the 
poisoning.^  The  pulse,  at  first  normal  in  frequency,  although 
soft  and  compressible,  becomes  rapid, ^  small,  and  somewhat 
irregular.     As  a  late  effect,  even  in  cases  of  recovery,  there  is 

'ftirf.,  1898,  xi.,  27.  =  Friedreich's    Bl.    f.    ger.     Med., 

'  Ztschr.    f.    Heilk.,     1901,   xxii.,  1906,  Ivii.,  219. 

Int.  Med.,  339.  «  See,  however,  v.  Kieseritzliy :  St. 

'  Vrtljschr.  f.  ger.  Med.,  1880,   n.  Petersb.  med.  Wchnschr.,   1890,  n. 

l'.,xxxiii.,  61.  F.,  vii.,  36. 

Loc.  cit.,  p.   120,   case   19.     See  '  In  one  of  v.  Jaksch's  cases  (loc. 

?'^°-  Farber:  Prag.  med.  Wchnschr.,  cit.,  case  3,  p.  110),  fatal  in  four  days, 

1909,  xxxiv.,  133.  it  was  14      164    132  upon  the  last 

day. 
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notable  enlargement  of  the  diameter  of  the  heart,  with  displace- 
ment of  its  apex-beat.  The  first  sound  is  impure,  and  there  are 
systolic  murmurs.  Late  in  the  case  a  sudden  fall  of  blood  pres- 
sure, of  as  much  as  40  mm.,  has  been  observed.'  The  respiration, 
at  first  normal,  is  later  increased  in  frequency. 

Certain  other  symptoms  have  been  manifested  exceptionally, 
and  certain  effects  usually  produced  have  been  similarly  absent. 
Singultus  was  severe  and  persistent  in  Reichel's  case^  and  in 
one  of  Lanz's.*  Vertigo  was  experienced  in  a  case  of  Mader's;* 
pain  or  soreness  of  the  back  in  Janeway's,^  Hiiber's,'  Meischner's,' 
West's,*  and  Bettelheim's"  cases;  and  softening  of  the  gums  and 
ulceration  of  the  mouth  in  Berthold's,'**  Hood 's,''  and  one  of  Tiin- 
gel's'^  and  of  v.  Jaksch's'^  cases.  Purpura  was  observed  in 
Heschl's'^  and  Pollard's'*  cases;  photophobia  in  Zeidler's'°  and 
Stevenson's''  cases;  and  gangrene  of  the  skin  of  the  feet  in 
Ehrlich's'8  Vollbracht's,'^  Gilbert's,^"  and  Haberda's"  cases. 
There  was  no  epigastric  or  abdominal  pain  in  Cramer's, ^^  Acher- 
gee's,-'  one  of  Tiingel's,^*  or  in  three  of  v.  Jaksch's^*  cases;  no 
vomiting  in  Stevenson's,^"  Andant's,^'  or  in  one  of  the  cases  re- 
ported by  Kiemann,^*  Vetter,^"  v.  Jaksch,^"  and  Benjamin;^'  no 

'West:  Lancet,  1893,  i.,  245.    Pal:  "  Wien.    med.   Wchnschr.,   1876, 

Jahrb.    d.    wien.    k.    k.    Kk.-Anst.,  xxvi.,  473. 

(1895),   1897,  Pt.  2,  p.  3;  Ztsch.  f.  '=  Med.  Times  and  Gaz.,  1882,  i., 

Heilk.,  1900,  xxi.,  49.     Mowat:  Lan-  302. 

cet,   1891,  ii.,   1387.     Rothhammer:  "  Ann.d.Charit6K.-H.,  1860,ix.,l. 

Diss.,  Wiirzb.,  1890.    Seydel:  Vrtlj-  "  Lancet,  1880,  i.,  644. 

schr.  f.  ger.'Med.,   1893,   3  F.,   vi.,  '*  Charity  Ann.,  1882,  vii.,  231. 

280.     V.    Kieseritzky:    hoc    cit.     v.  '»  Wien.  kl.  Wchnschr.,  1901,  xiv., 

Jalisch:  Nothnagel:  " Spec.  Path.  u.  1288. 

Ther.,"  i.,  110,  case  26.  ^o  Munch,  med.  Wchnschr.,  1902, 

^Wien.  kl.  Wchnschr.,  1894,  vii.,  xlix.,  724. 

153.  2' Friedreich's    Bl.    f.   ger.   Med., 

"  Berl.     kl.    Wchnschr.,    189.5,  1895,  xlvi.,  1. 

xxxvii.,  879,  case  12.  22  Memorabilien,    Heilb.,  1887,  n. 

*  Ber.  .  ,  Rudolph-Stift.,  1898,  303.  F.,  vii.,  144. 

=  New  York  Med.   J.,    18S5,  xhi.,  2' Indian    Med.  Gaz.,  1887,  xxii., 

499.  171.  ■ 

"Ztschr.   f.   Id.    Med.,    1888,  xiv.,  ^^  Loc.  cil,  case' ix. 

4S5.  25  i^g^   ^n ^  g^ggg  g^  11^  30. 

Diss.,  Leipzig,  1864.  2"  Guy's  Hosp.   Rep.,   1877,  3  s., 

'  Lancet,  1893,  i.,  245.  xxii.,  449. 

"  Wien.  med.  Presse,  1868,  ix.,  961.  ^'Bull.  gto.  de  th6r.,  1868,  Ixxv., 

"Arch.  d.  Heilk.,  .1876,  xiii.,2.->S.  269 

"  Lancet,  ISOl,  ii.,  872.  ^'Ber.  .  .Rudolph-Stift.,  1883,407. 

"  Deut.    Klin.,    1863,     xv.,    395,  2"  Virch.    Arch.,    1871,    liii.,  168, 

case  XV.  case  D. 

"Nothnagel,     "Spec.    Path.     u.  '"  Loc.  cii.,  cases  11,  29. 

Ther.,     1.,   110,   case  31.  "Charity    Ann.,    1897-8,   xxiv., 

250,  case  8. 
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diarrhoea  in  Kiemann's/  Achergee's'  or  Andant's'  cases;  and 
even  constipation  in  the  cases  of  Blashko,^  Sion,-''  and  Kopf.* 
Icterus,  rarely  present  in  rapidly  fatal  cases,  and  as  rai'ely  absent 
in  those  which  are  at  all  severe  and  of  more  than  two  days'  dura- 
tion, has  been  noted  as  absent  by  Mader,'^  Bollinger,"  v.  Jaksch,' 
and  Hebra*  in  cases  fatal  in  four  days  or  longer,  and  by  Oppolzer," 
Stqvenspn,^"  Lanz,^'  and  v.  Jaksch^^  in  cases  of  recovery.  In 
Klebs'"  case  nothing  abnormal  was  observed  except  a  slight 
cardiac  action,  yet  death  occurred  suddenly  and  unexpectedly. 
In  Langer's"  case  of  death  in  about  10  hours  there  was  no 
symptom  of  phosphoi-us  poisoning,  although  the  presence  of 
phosphorus  in  the  viscera  was  shown  by  Dusart's  method. 

Death  in  peracute  cases  is  due  to  cardiac  paralysis. ^^  In 
subacute  poisoning  the  same  cause  may  be  operative,'"  or  fall 
of  blood  pressure  may  result  from  vascular  jDaralysis."  In  sev- 
eral cases  of  subacute  poisoning  death  has  occurred  after  the 
second  day,  suddenly,  and  sometimes  during  apparent  recovery.'^ 
In  cases  of  longer  duration  death  occurs  in  collapse,  in  coma,  or 
by  gradual  failure  of  the  circulation.  Sometimes  the  immediate 
cause  of  death  has  been  hemorrhage,  gastro-intestinal,  mediasti- 
nal, cerebral,'^  and  frequently  uterine.^"     In  Paltauf's  case"  the 

^Loc.cit.  Anst.,    1895    (1897),    iv.,   pt.    2,    3. 

^Vrtljschr.  f.  ger.  Med.,  1877,  n.  Rotky:      Prag.      med.      Wchnschr., 

F.,  xxvii.,  63.  1906,  xxxi.,  219. 

'Wien.    med.   Presse,    1866,  vii.,  "  Casper:  "Klin.  Novellen,"  1863, 

941.  418.      Krug:      Arch.      d.      Heilk., 

*Allg.    wien.    med.    Ztg.,    1859,  1865,  vi.,  566.     Fritz,  Ranvier,  and 

iv.,  363.  Verliac:  Arch.  g4n.  de  m«d.,   1863, 

"  Ber...  Rudolph  Stift.,  1884,  299.  ii.,    25.     v.    Pastau:    Virch.  Arch., 

•Deut.  .\rch.   f.   kl.   Med.,    1869,  1865,     xxxiv.,     450.     Reith:     Brit. 

v.,    152;    Ibid.,    1869,  vi.,   94,   two  Med.  J.,  1867,  ii.;  500.     Lange:  Berl. 

cases.  kl.      Wchnschr.,      1870,     vii.,     130. 

'Nothnagel:     "Spec.     Path.     u.  Cocker:     Med.     Times     and     Gaz., 

Ther.,"  i.,  IIQ,  case  4.  1882,  i.,  303.     v.  Jaksch:    hoc.  cit., 

"Phila.  Med.  Times,  1881-2,  xii.,  132,  case  36. 

866.  19  BruUe:      Thfese,      Paris,     1860. 

AUg.  wien.  med.  Ztg.,  1865,  x.,  Vermeil:    .\nn.    d'hyg.,    etc.,    1880, 

233,  casern.  3   s.,  iv.,  256.     Dodd:  Brit.  Med.  J., 

Lancet,  1880,  i.,  644.  1889,   ii.,  874.     Reichel:    Wien.    kl. 

.Berl.    kl.    Wchnschr.,   1895,  Wchnschr.,  1894,  vii.,  153.     Rotky: 

xxxn    879,  cases  3,  8.  Prag.  med.  Wchnschr.,  1906,  xxxi., 

("?<=•  ci«.,  seven  cases.  219. 

Virch.  Arch.,  1865,  xxxiii.,  442.  2»  Kiemann:    Ber.  .  .  .  Rudolph 

..Frag.   med.    Wchnschr.,     1892,  Stift.,    (1888),    1889,    328.     Seydel: 

'^^JJ-' 451.  Vrtl.ischr.  f.  ger.  Med.,   1893,  3  F., 

16  n     P'  ^*^-  vi.,  280.     Perrin  de  la  Touche:  Ann. 

JJuceeschi:  Lo  Speriment.,  1898,  d'hye.,  etc.,  1895,  3  s.,  xxxiii.,  173. 

'"■;,50-  "  Wien.    kl.  Wchnschr.,  1888,  i., 

lal:   Jhrb.   d.  wien.  k.  k.  K.-  513. 
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cause  of  death  was  pulmonary  cedema.  In  one  of  Lessor's  cases 
death  resulted  from  oedema  of  the  glottis.^  Puppe^  has  reported 
a  case  of  fat  embolism  in  both  lungs;  and  of  Carrara's'  102  cases 
of  fat  embolism,  5  were  caused  by  phosphorus  poisoning. 

In  severe,  non-fatal  cases  recovery  proceeds  continuously,  the 
liver  gradually  returns  to  its  normal  size,  the  icterus  clears  away, 
and  the  urine  returns  to  its  normal  condition  during  2  to  3  weeks, 
and  recovery  is  complete  in  4  to  5  weeks  from  the  beginning.  In 
cases  such  as  Roque  and  Dumas'*  and  West's,*  in  which,  after  a 
typical  first  attack,  there  were  periods  of  complete  immunity  from 
all  symptoms  for  2  and  5  weeks'  duration,  followed  by  recurrence 
of  violent  symptoms,  the  suspicion  of  a  second  administration  is 
very  strong.  A  few  cases  of  partial  recovery  have  been  reported 
in  which  neuritis  involving  both  motor  and  sensory  nerves, 
or  conditions  attributable  to  hemorrhages  in  the  central  nervous 
system,  insufficient  to  cause  death,  have  remained  for  varying 
periods." 

Diagnosis. — A  positive  diagnosis,  in  the  absence  of  a  clear 
history,  can  only  be  made  during  life  from  the  detection  of  un- 
oxidized  phosphorus  in  the  excreta  or  vomit. 

The  points  of  divergence  between  the  symptoms  of  subacute 
phosphorus  poisoning  and  those  of  acute  j^ellow  atrophy  of  the 
liver  are  that:  1,  In  the  disease  the  liver  rapidly  diminishes 
in  volume,  while  in  phosphorus  poisoning  it  usually  increases 
in  size.  Yet  this  enlargement  does  not  always  occur,  or  may  be 
followed  by  a  diminution.  2,  In  acute  atrophy  there  are  usually 
severe  cerebral  symptoms,  delirium,  convulsions,  etc.,  which  are 
less  frequently  caused  by  phosphorus.  But  they  are  observed  in 
many  cases  of  the  poisoning.'  Attempts  to  distinguish  the 
poisoning  from  the  disease  by  bacteriological  methods  have  led 
to  no  result,  as  the  disease  has  not  been  proven  to  be  microbic  in 
origin.     Hedderich^  has  reported  a  case  which  he  considers  as 

'  Atl.  d.  ger.  Med.,  1884,  1.  Abth.,  Bettelheim:     Wien.     med.     Presse, 

12-1-  1S6S,  ix.,   961.     V.  Stransky:  Prag. 

2  Vrtljschr.    f.    ger.    Med.,     1896,  med.    Wchnschr.,    1897,   xxii.,  381. 

3  F.,  xii.,  Suplh.,  97.  Routa:    IhU.,     1903,    xxviii.,   479. 

^  Giorn.   di   med.    leg.,    1897,    iv.,  Medea:  Riv.  sper.  di  freniat.,  1905, 

209,    241;    Friedreich's    Bl.    f.    ger.  xxxi.,  246.  Huss:  Maschka/'Handb. 

Med.,   1898,   xlix.,   241      (transl.).  d.  ger.  Med.,"  p.  212. 

*  Provence  m.M.,  1907,  xviii.,  430.  '  See  p.  651. 

=  Lancet,  1893,  i.,  24.5.  ^  Munch,   med.   Wchnschr.,  1895, 

"Henschen:      NcMirol.     Centbl.,  xlii.,93, 120.    See  also  Riess:  Berl.kl. 

1898,    xvii.,    386;    1900,    xix.,    555.  Wchnschr.,  1905,  xhi.,  Festnum.,  54. 
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having  originated  in  phosphorus  poisoning,  developing  into  one  of 
acute  atrophy,  but  the  evidence  of  poisoning  is  not  convincing. 

Nor  can  a  distinction  be  absolutely  made  from  hypertrophic 
cirrhosis  of  the  Uver  in  the  absence  of  a  history.  The  course 
of  the  disease,  however,  extends  over  a  period  of  several  years. 
In  this  form  of  cirrhosis,  toward  the  end,  there  is  frequently 
vomiting  of  masses  containing  blood,  which  symptom,  although 
uncommon  at  the  corresponding  stage  of  phosphorus  poisoning, 
has  been  observed  in  several  cases. 

The  differentiation  from  infectious  icterus,  Weil's  disease,' 
is  more  obvious  by  the  acute  nephritis  and  the  high  temperature 
of  the  disease. 

In  certain  forms  of  sepsis  and  of  puerperal  eclampsia  the 
symptoms  resemble  those  of  phosphorus  poisoning.  In  the 
former,  however,  the  elevation  of  temperature  is  considerable 
and  continuous,  while  in  phosphorus  poisoning  the  tempera- 
ture is  subnormal  or  only  temporarily  high.  The  chill  of  sepsis 
is  also  absent  in  phosphorus  poisoning,  and  in  the  former  condi- 
tion enlargement  of  the  liver  is  slight  or  absent,  while  that  of  the 
spleen  is  considerable;  in  the  latter  the  reverse  is  the  case.  In 
puerperal  eclampsia  cerebral  symptoms  and  nephritis  are  present, 
and  the  history  of  the  case  will  aid  in  the  differentiation.  From 
variola  hemorrhagica,  in  the  absence  of  the  prodromal  eruption 
and  the  high  temperature  of  the  disease,  or  the  presence  of  phos- 
phorus in  the  vomit,  etc.,  a  diagnosis  from  the  symptoms  is 
difficult. 

In  poisoning  by  amanita  phalloides  and  certain  related  fungi 
the  cHnical  history  and  post-mortem  lesions  resemble  those  of 
phosphorus  poisoning.  In  the  fungus  poisoning,  however, 
the  course  is  more  rapid,  delirium  or  coma  occur  earlier,  and 
there  are  haemoglobinuria  and  mydriasis,  which  are  absent  in 
phosphorus  poisoning.  ^ 

Prognosis. — The  prognosis  in  acute  phosphorus  poisoning  is 
very  unfavorable.  Of  393  cases  284,  or  72 . 1  per  cent. ,  terminated 
fatally.  Among  the  recoveries  are  included  33  alleged  homi- 
cides, in  which  the  fact  of  administration  is  more  or  less  prob- 
lematical, and  in  23  instances  the  cause  of  the  illness  is  question- 

'Deut.  Arch.  f.  kl.   Med.,   1886,      schr.,  1895,  xlii.,  133.     Muller:  Vrtl- 
xxxix.,  209.  jschr.    f.    ger.    Med.,    1890,    n.    F., 

Tappeiner:  Munch,  med.  Wchn-      liii.,  66. 
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able,  or  the  amount  taken  insignificant.  Among  268  cases  of 
severe,  non-homicidal  cases  there  were,  therefore,  53  recoveries, 
-or  a  mortality  of  80.2  per  cent.  Thirty-four  of  the  recoveries 
were  in  very  severe  cases,  in  which  the  hepatic  symptoms  were 
marked,  and  in  most  of  which  oil  of  turpentine  was  adminis- 
tered. If  the  statistics  be  derived  from  hospital  cases  in 
which  suitable  treatment  has  been  followed,  the  prognosis  be- 
comes more  favorable,  although  the  percentage  of  deaths  is  still 
high.  Thus  in  von  Jaksch's  40  cases  there  were  16  deaths  and 
24  recoveries — a  mortality  of  40  per  cent. '  In  a  few  instances 
recovery  has  been  complete  after  the  manifestation  of  violent 
primary  symptoms  within  two  or  three  days  after  the  poisoning;^ 
but  in  most  instances  some  of  the  symptoms  persisted  for  several 
weeks.  In  one  instance  recovery  may  be  attributed  to  the  fact 
that  the  intended  suicide,  a  man  of  63  years,  took  oil  of 
turpentine  with  the  match  heads,  believing  thus  to  intensify 
their  action.'  In  2  cases  in  which  suicides  have  taken  powerful 
corrosives  along  with  the  phosphorus  and  have  recovered  from 
the  effects  of  both,  the  action  of  the  phosphorus  appears  to 
have  been  completely  masked  or  absent.  One  of  these  was  a 
girl  who  took  a  quantity  of  match  heads  containing  at  least  3  gr. 
(0.2  gm.)  and  attemped  to  swallow  an  ounce  of  sulfuric  acid, 
but  spat  it  out;*  the  other  that  of  a  woman  who  drank  a  mix- 
ture of  match  heads  and  caustic  potash  solution,  and  in  whom 
the  oesophageal  stricture  produced  by  the  latter  was  subsequently 
successfully  dilated.'' 

PaP  calls  attention  to  the  fact  that  nervous  symptoms,  of 
excitement  or  depression,  occur  almost  constantly  in  fatal 
cases  and  considers  them  as  indicating  a  particularly  unfavorable 
prognosis.' 

De  Rossi,^  from  his  investigations  in  2  cases,  in  one  of  which, 
terminating  in  death,  the  nitrogen  balance  became  negative, 
while  in  the  case  of  recovery  it  became  positive,  suggests  that 

'  Nothnagel:     "Spec.     Path.     u.  =  Schrotter:     Aerztl.     Ber.    allg. 

Ther.,"  1S94,  i.,  110.  k.  k.  Kkh.,  Wien  (1886),  1888,  38. 

^SmoUer:      Wien.      med.      Halle,  i^  Jhrb.    d.    wien.   k.   k.  K.-Anst., 

1863,  IV.,  346.     Vetter:  Arch.  path.  1895  (1897),  iv.,  pt.  2,  3. 
Anat.,  etc.,  1871,  liii.,  168.  '  Of  the  53  cases  referred  to  in  the 

'  Vetter:  Loc.  eit.  notes  on  pp.  651-2,  39,  or  73.4  per 

*  Graff:    Ztschr.    d.    Staatsarznk.,  cent,  terminated  fatally. 
1S42,  xhv.,  283.  'Polielin.,    Roma,    1898,    v.,  sez. 

med.,  149. 
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a  criterion  of  prognosis  in  a  given  case  may  be  based  upon  the 
approximation  to  a  nitrogenous  equilibrium.  Lanz'  points 
out  that  in  severe  poisoning  urobilin  and  its  chromogen  dis- 
appear from  the  faeces  and  urine,  and  considers  their  reappear- 
ance as  indicating  a  favorable  prognosis. 

Treatment. — Unabsorbed  phosphorus,  which  may  remain 
in  the  ahmentary  canal  for  several  days,^  is  to  be  removed  by 
emesis  or,  preferably,  lavage  and  later  by  purgatives  or  recto- 
colonic  irrigation.  The  best  emetic  is  cupric  sulfate  in  doses  of 
0.1  to  1  gm.  (U  to  1.5  gr.)  in  solution.  It  is  to  be  preferred  to 
zinc  sulfate  as  it  may  possibly  serve  in  another  manner,  by 
coating  the  phosphorus  with  copper.^  An  emetic  should,  how- 
ever, only  be  resorted  to,  as  a  preliminary  measure,  when 
the  stomach  is  full  of  food.  It  is  far  preferable  to  wash  out 
the  stomach  thoroughly  as  early  as  possible,  using  first  warm 
water  until  the  washings  come  away  clear,  then  a  0 . 1  to  0 . 3  per 
cent,  solution  of  potassium  permanganate  to  the  extent  of 
30  liters  at  least,  and  finally  warm  water  until  the  washings  are 
colorless.^  If,  as  is  sometimes  recommended,^  500  c.c.  (a  pint) 
of  the  solution  be  left  in  the  stomach  in  lieu  of  the  final  washing 
with  water,  sodium  permanganate  should  be  used,  to  avoid  the 
toxic  effect  of  the  potassium  salts."  Diluted  hydrogen  peroxid 
solution  (one  to  three  per  cent.)  has  also  been  recommended  for 
washing  the  stomach.'  The  use  of  hot  oil  for  this  purpose  as 
practised  by  Macewen*  is  not  to  be  recommended,  although  his 
patient  recovered,  as  the  absorption  of  any  phosphorus  remain- 
ing in  the  stomach  or  intestine  is  greatly  favored  thereby.  Im- 
mediately after  the  lavage,  a  cathartic  (infusion  of  senna)  should 
be  administered,  and  the  lower  bowel  washed  out  as  high  as  pos- 
sible, using  a  0 . 1  per  cent,  solution  of  permanganate  if  the  first 

'BerK    kl.    Wchnschr.,     1895,  vi.,  156.    Antal:  Ungar.  Arch.  f.  inn. 

xxxu.,  878.  Med.,  1893,  i.,  135.   Kelemann:  Pest. 

'Seep.  642.  med.-chir.     Pr.,      1894,     xxx.,     56. 

Jit    IS     questionable,     however,  Szocs: /6id., 1895,  xxxi.,  578.  Plavec: 

whether   such   action   can   proceed  Wien.  med.  Presse,  1904,  xlv.,  513, 

to  any  useful  extent  if  the  copper  564,  618,  664,  764. 

salt  produce  emesis,  and,   if  it  do  '^  Lanz:  Berl.  kl.  Wchnschr.,  1895, 

not  do  so,  it  should  be  removed  by  xxxii.,  878. 

lavage  to  prevent  its  irritant  and  "Schreiber:  Centbl.  f.  inn.  Med., 

possibly  toxic  action.  1898,  xix.,  601. 

*Koessingh:     Schmidt's     Jahrb.,  'Thornton:  Therap.   Gaz.,    1893, 

1872,  clvi.,  19.    Erdos:  Pest,  med.-  3  s.,  ix.,  8. 

chir.  Pr.,  1892,  xxviii.,  977.     Bokai  »  Glasgow  Med.  J.,  1872-3,  n.  s., 

and  Karanyi:  Ther.  Mntsh.,   1892,  v.,  407. 
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washings  with  warm  water  have  the  odor  or  luminosity  of  phos- 
phorus.^ The  ahmentary  canal  having  been  purged  as  far  as 
possible  of  phosphorus,  unrectified  French  oil  of  turpentine  is 
to  be  given  in  doses  of  1  to  2  gm.  (15  to  30  gr.)  several  times 
daily,  either  in  capsules  or  in  mucilaginous  emulsion.  The  older 
and  more  acid  the  oil  the  greater  is  its  tendency  to  form  the 
crystalline,  spermaceti-like,  and  inert  phosphorous  acid  com- 
pound.^ Whether  turpentine  exerts  an  antidotal  action  upon 
absorbed  phosphorus,  as  is  claimed  by  Kobert^  and  others,  or  not, 
it  certainly  does  tend  to  render  any  of  the  poison  remaining 
in  the  alimentary  canal  inert  by  oxidation  or  combination,  and 
has  been  administered  with  benefit  in  many  cases. 

As  the  alkalinity  of  the  blood  is  diminished  by  phosphorus, 
the  administration  of  alkalies  is  indicated.  It  is  probable  that 
the  Duflos^  antidote  of  magnesium  hypochlorite  with  excess 
of  magnesia,  or  magnesia  alone  is  useful  in  this  direction  only. 
Transfusion  of  defibrinated  blood  has  been  practised  with  benefit 
in  some  cases,''  and  Kobert°  recommends  infusion  of  an  alkaline 
solution  of  salt,  to  each  100  cc.  of  which  a  drop  of  oil  of  turpentine 
has  been  added  with  agitation  immediately  before  use. 

As  phosphorus  is  soluble  in  the  fixed  oils  and  fats,  all  sub- 


'Plavec:    Loc.  cit.    Munzer  and  v.  chir.     Presse,    1892,     xxviii.,     197. 

Jaksch:  Nothnagel  "Spec.  Path.  u.  Keleman:      Ibid.,    1894,    xxx.,    56. 

Ther.,"    p.     161,    recommend    the  Thornton:  Loc.  cit.    Lanz:  Berl.  kl. 

addition  of  camphorated  oil  to  the  Wchnschr.,  1895,  xxxii.,  878.    Hulot 

injection.  and   Ramond:   Presse   m6d.,   1901, 

^This  antidote  was  suggested  to  ix.,  34.  Plavec:  Arch.  f.  exp.P.  u.  P., 

Andarit  by  the  case  of  a  suicide  who,  1902,  xlviii.,  150.  Stich:  Munch,  med. 

seeking  to  accelerate  the  action  of  Wchnschr.,  1902,  xhx.,  1347.  Gilbert: 

phosphorus,    swallowed    essence    of  Ibid.,  p.  724.    Fischer:  Pflilg.  Arch., 

turpentine.    Andant:  Bull.  g^n.  de  1903,  xcvii.,  592.    Minovici:  Pharm. 

therap.,    1868,    Ixxv.,     269;     1871,  Centh.,    1904,   xxv.,    532.     Plavec: 

Ixxxi.,  313.     Sorbets:    Gaz.  d.  hop.,  Wien.  med.  Presse,  1904,  xlv.,  513, 

1869,  xlii.,  254.    Personne:  C.  r.  Ac.  etc.     Kobert:   "Lehrb.   d.  Intox.," 

Sc,  1869,  Ixviii.,  543.    Kohler:  Berl.  2te  Aufl.,  1906,  ii.,  294. 
kl.  Wchnschr.,  1870,  vii.,  1.    Lichten-  ^  Loc.  cit. 

stein:  /bid.,  1870,  vii.,  399.    Vetter:  *"Handb.   d.   ger.-chem.  An.  d. 

Virch.  Arch.,  1871,  liii.,  168,  case  D.  chem.  Gifte,"  1873,  p.  60.    Bechert: 

de  Marco:  Morgagni,  1872,  xiv.,  218.  Arch.  d.  Pharm.,  1851,  Ixvii.,  273. 
Roessmgh:   Schmidt.   Jahrb.,    1872,  =  Eulenberg  and   Landois:  Deut. 

clvi.,  19.     Thompson:    "Free  Phos-  Arch.    f.  kl.   Med.,    1867,  iii.,  440; 

phorus,"    etc.,    1874.     Laboulb^ne:  Centbl.  f.  d.  med.  Wissensch.,  1867, 

Gaz.  hebd.  de  m6d.,  1874,  xxi.,  524.  v.,     280.       Jiirgensen:      Berl.     kl. 

Rommelaere:  Bull,  de  I'Ac.  de  mdd.  Wchnschr.,  1871,  viii.,  241. 
de    Belg.,    1874,    3    s.,    viii.,    1184.  ""Lehrb.    d.    Intox.,"    2te  Aufl., 

Fort:  Th.,  Paris,  1881.    Busch:  Diss.,  ii.,  293. 
Dorpat,  1892.     Hajnos:  Pest,  med.- 
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stances  containing   them,    even   in   small   amount,    should   be 
rigidly  excluded  from  the  diet  and  medication. 

Elimination. — But  little  is  to  be  said  of  the  elimination  of  ab- 
sorbed phosphorus.  Satisfactory  evidence  of  its  presence  in  the 
urine  is  not  at  hand.  The  urine  has  sometimes  been  said  to  have 
an  aUiaceous  odor,'  or  to  be  luminous  in  the  dark,-  or  to  emit 
white  fumes.^  But,  as  phosphorus  has  been  sought  for  in  the 
urine  by  the  Mitscherlich  method  in  many  cases  of  poisoning  in 
the  human  subjecf  and  in  animals,^  with  uniformly  negative 
results,  the  conclusion  is  warranted  that  it  is  not  eliminated  in 
the  elementary  form  by  this  channel.  Nor  is  the  evidence  of 
elimination  of  phosphites  in  the  urine  conclusive.  KunkeP 
states  that  it  has  been  demonstrated,  but  gives  no  evidence. 
Dybkowsky,'  on  the  other  hand,  states  that  phosphorous  acid  has 
not  been  detected  in  the  urine,  and  concludes  that  it  is  oxidized 
to  phosphoric  acid  in  the  system.  The  elimination  of  phosphates 
is  increased  when  phosphorus  is  administered,  but  whether  the  in- 
increase  is  referable  to  oxidation  of  the  phosphorus  or  to  increased 
metabolism  has  not  been  determined.^  Neumann^  adminis- 
tered sodium  phosphite  to  dogs  in  increasing  doses  up  to  3  gm. 
per  diem,  without  detecting  it  in  the  urine  by  Blondlot's  method. 
Gamel,"  however,  found  that  with  large  doses  a  part  is  eliminated 
unchanged.  About  the  only  conclusive  evidence  of  the  occur- 
rence in  the  urine  of  a  phosphorus  compound  other  than  the 
phosphates,  in  phosphorus  poisoning,  is  that  furnished  by  Selmi," 
who  found  in  a  poisoning  in  the  human  subject  and  in  experi- 
ments upon  animals,  that  the  urine,  after  standing  24  hours, 
produced  a  gaseous  substance  with  zinc  and  sulfuric  acid,  which 

'  Henry:   Boston   M.   and   S.    J.,  1SS9,  xiv.,  79.     Langer:  Ibid.,  1892, 

1883,  cix.,  14.     Arnaud:   Marseille  xvii.,  451. 

m6d.,  1896,  xxxiii.,  743.     Baumert,  ^Plavec:  Arch.  f.   exp.  P.   u.  P., 

Dennsted.and  Voigtlander:  "Lehrb.  1902,  xlviii.,  150.     See  also:   Senft- 

d.  ger.  Chem.,"  1907,  i.,  216.     Magi-  leben:  Virch.  Arch.,  1866,  xli.,  520. 

tot:  Bull,  de  I'Ac.  de  m6d.,  1895,  Munk    and    Leyden:     "Phosph.- 

3  s.,  xxxiii.,  279.  Verg.,"  p.  54. 

J'Sion:  Wien.  med.  Presse,  1866,  ""Handb.  d.  Tox.,"  1899,  p.  237. 

•  vn.,  941.    Falck:  "Lehrb.  d.  prakt.  'Hoppe-Seyler:  "Med.-Chem. 

Tox.,"  1880,  p.  86.     Baumert,  etc.:  Unt.,"  1866,  p.  69. 

Loc.  cit.    Dragendorff:  "Ermitt.  d.  ^  See  p.  654. 

bifte,    3te  Aufl.,  p.  98.    v.  Hasselt;  "  Diss.,  Rostock,  1886. 

Handb.  d.   Gifte.,"  1862,  ii.,  214.  ^"^  Schweiz.  Wchnschr.  f.  Chem.  u. 

Magitot:  Loc.  cit.  Pharm.,   1901,  xxxix.,  302. 

.    Arnaud:  Loc.  a(.  Magitot:   Loc.  "  "NuovoProcessogenerale,"etc., 

«'•  1875,  p.   76;   Berichte,   Berl.,   1S80. 

Hammer:Prag.  med.  Wchnschr.,  xiii.,  2094,  2440;  1881,  xiv.,  260. 
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formed  a  black  precipitate  with  silver  nitrate,  and  gave  the  green 
flame  of  the  Dusart  reaction.  Whether  the  substance  in  the 
urine  is  a  phosphin,  as  Selmi  supposed,  or  phosphorous  acid,  as 
Kunkel  suggests,  ^  cannot  be  determined,  as  either  would  give 
the  reactions.  In  Langer's  case^  the  urine  is  said  to  have 
responded  to  the  Dusart  test. 

The  frequently  observed  odor  and  luminosity  of  the  expired 
air^  affords  no  evidence  of  ehmination  of  a  volatile  compound 
of  phosphorus  or  of  its  vapor  by  the  lungs  when  the  element  has 
been  taken  by  the  mouth,  as  it  has  been  in  practically  all  human 
poisonings.*  Several  of  the  older  toxicologists^  observed  white 
fumes  issuing  from  the  mouth  or  nostrils  in  animals  into  whose 
veins  or  pleural  cavities  phosphorized  oil  had  been  injected. 
Dybkowsky"  states  that  when  phosphorized  oil  is  injected  into 
the  stomach  of  rabbits  after  section  of  the  oesophagus  the  expired 
air  "  is  phosphorescent  much  more  seldom  than  is  usually  sup- 
posed." Hermann  and  Brunner'  have  ascribed  the  results  ob- 
tained after  intravenous  injection  to  the  formation  of  emboli  in 
the  pulmonary  capillaries  and,  experimenting  with  phosphorus 
in  fine  emulsion  in  oil,  failed  to  obtain  phosphorescence  of  the 
expired  air,  although  this  had  the  odor  of  garlic  and  blackened 
silver  nitrate  paper.  From  all  of  which  it  may  be  concluded  that 
phosphorus  vapor  is  not  eliminated  by  the  lungs,  but  that  some 
volatile  compound  of  the  element  is. 

Phosphorus  in  substance  has  been  discovered  in  the  fffices 
in  human  poisonings  in  cases  too  numerous  to  specify.*  Whether 
any  fraction  of  this  was  eliminated  by  the  alimentary  canal  or  the 
secretions  discharged  into  it  pannot  be  determined  in  man. 
In  4  experiments,  reported  by  Falck,'  in  which  phosphorized 

'  hoc.  cit.  Landerer   (Arch.   d.  Pharm.,   1882, 

^Prag.med.Wchnschr.,  1892,xvii.,  3R.,  xx.,  56. 
451.  5  Orfila:  "Tr.  de  Tox.,"  1852,  i., 

^  See  p.  660.  80.     Devergie:   "M6d.    16g.,"  Seme 

*We  find  but  four  reported  ad-  Ed.,     1852,    iii.,     169.     Magendie, 

ministrations    by    other    channels.  quoted  by  Orfila  and  Devergie.    v. 

One  by  inunction  of  rat-paste,  re-  Hasselt:  "Handb.  d.  Giftl.,"  1862, 

ported   by   Hill    (Lancet,    1890,    i.,  ii.,  214. 
398),    the    "dark    stance"    case    of  °  Loc.  eii.,  p.  55. 

inunction    (Lancet,    1890,   i.,    308),  '  Pfliig.  Arch.,  1870,  iii.,  1- 

and  two  by  the  rectum:  one  medici-  '  E.  g.,  in  5  out  of  Lanz's  12  cases: 

nally,   reported   by   Brera   in   1798,  Berl.    kl.    Wchnschr.,    1895,  xxxii., 

and   referred   to   by   Lewin    (Virch.  879. 

Arch.,  1866,  xxi.,  567,  Taf.  I,  1),  the  "  Virch.  Arch.,  1870,  xlix.,  471. 

other  a  homicidal  case  reported  by 
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oil  was  injected  hypodermically,  phosphorus  was  detected  once 
in  the  intestinal  contents.  It  has  already  been  noted'  that 
phosphorus  has  been  detected  in  the  intestine  as  long  as  ten 
days  after  its  ingestion. 

Post-mortem  Appearances. — These  will  differ  with  the 
duration  of  the  case.  In  very  acute  cases  of  death  in  seven  to 
ten  hours,  there  may  be  no  departure  from  the  normal  in  either 
gross  or  microscopical  appearances,  beyond  sometimes  granular 
cloudiness  and  the  presence  of  very  minute  fat  globules  in  the 
cells  of  the  liver,  kidneys,  gastric  mucous  membrane,  and  heart 
muscle;  changes  which  are  by  no  means  characteristic  of  phos- 
phorus poisoning.  In  these  cases,  however,  as  well  as  in  some 
of  one  to  two  days'  duration,  in  which  the  gross  appearances 
mentioned  below  may  also  be  absent,  the  dose  taken  has  been 
large  and  the  presence  of  phosphorus  may  be  recognized. 

The  skin  is  yellow,  and  all  the  internal  organs  are  more  or 
less  jaundiced.  Absence  of  icterus  has  only  been  noted  in  cases 
in  which  death  has  occurred  in  less  than  two  days,  and  in  very 
few  of  somewhat  longer  duration.^  Sometimes  the  existence  of 
slight  icterus  is  noted  at  the  autopsy,  which  was  not  detectable 
during  life.*  The  skin  is  much  less  frequently  marked  with 
red  or  dark  spots,  varying  in  size  from  petechise  to  blotches  of 
large  area,*  caused  by  hemorrhages.  In  peracute  cases  the  blood 
is  coagulable,  but  in  subacute  cases  it  is  dark  and  fluid,  and  does 
not  coagulate.^  There  are  also  multiple  extravasations  of 
blood,  either  in  the  form  of  minute  petechiae  or  of  larger  ecchy- 
moses,  in  various  situations,  most  frequently  in  the  pleurae, 
pericardium,  mediastina,  perimuscular  cellular  tissue,  lungs,  and 
mesentery."  In  the  female  large  hsematomata  are  sometimes 
found  in  the  ovaries,  and  blood  maj^  be  found  in  the  uterus  or 

'Seep.  642.  are  misquotations),  it  is  implied  in 

_^  Battmann:  Arch.  d.  Heilk.,  1871,  the  appearances  mentioned.     In  64 

xii.,  267,  about  24  hours.    Coupland:  cases,     Hessler     (Vrtljschr.    f.    ger. 

Lancet,    1879,    ii.,    309,    44    hours.  Med.,  1882,  n.  F.,  xxxvi.,  10)  found 

Paltauf:      Wien.      kl.      Wchnschr.,  but   two    of    more   than   48    hours' 

1888,i.,  513,  2  days.    Cutler:  Boston  duration  (3  days  and  88  hours)  in 

M.  and  S.  J.,  1862,  Ixvi.,  393,  2  days.  which  icterus  was  noted  as  absent. 

BoUinger:  Deut.  Arch.  f.  kl.  Med.,  ='Mader:  Ber.  .  .  .  'Rudolph-Stift., 

1869,  v.,  152,  5  days.     Although  ic-  1884,    299.     v.    Jaksch:    Nothnagel 

terus  IS  not  specifically  mentioned  "Spec.  Path.  u.  Ther.,"  110,  case  4. 

in     the     cases    reported    by     Blix  *  See  p.  653. 

(Hygiea,     1865,    xxvii.,     115)    and  =Seep.  64S. 

quoted  by  Rossbach   (whose  other  "Lesser:    "Atl.    d.    ger.    Med.," 

alleged  cases  of  absence  of  jaundice  pi.  xvi.,  Figs.  1,  2. 
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escaping  from  the  vulva.'  In  one  of  Casper's  cases  luminous 
vapors  were  observed  to  issue  from  the  vulva,  although  the 
poison  had  been  taken  by  the  mouth.  Death  had  occurred  in 
12  hours.^  The  muscular  system  is  the  seat  of  fatty  degener- 
ation and  of  ecchymoses. 

The  mouth,  pharynx,  and  oesophagus  are  rarely  affected 
beyond  being  colored  by  the  dark  or  black  stomach  contents 
which  frequently  exude.  Exceptionally,  however,  the  lips, 
internal  surface  of  the  cheeks,  pharynx,  and  oesophagus  have 
been  found  injected,  reddened,  deprived  of  epithelium,  covered 
with  fibrinous  exudation,  or  luminous.^  On  opening  the  ab- 
dominal cavity,  or,  more  frequently,  on  opening  the  stomach  or 
intestines,  the  garlic-like  odor  of  phosphorus,  and  its  luminosity 
in  the  dark,  may  be  observed,  although  these  appearances  are  by 
no  means  constant.  If  the  odor  of  putrefaction  be  marked,  that 
of  phosphorus  is  sometimes  only  observed  after  the  gases  of  pu- 
trefaction have  escaped.  The  odor  may  be  sufficiently  powerful 
to  be  observed  in  the  air  of  the  room  or  upon  removing  the 
clothing  from  the  cadaver.*  The  odor  is  most  frequently 
present  in  cases  of  comparatively  short  duration;  it  has,  however, 
been  detected  in  persons  who  have  survived  for  4,'  4J,°  5,'  and 
7'  days.  In  one  case  of  death  in  3  days  the  odor  was  present  in 
the  large  intestine,  but  absent  from  the  stomach."  In  2  of  3  cases 
fatal  in  8  hours,  in  all  of  which  phosphorus  was  detected  on 
analysis,  the  odor  was  present  in  the  stomach;  but  in  the  third 
it  was  present  in  the  intestine,  but  absent  from  the  stomach.'" 
In  a  case  fatal  in  9|  hours  the  odor  was  absent,  although  the 
contents  of  the  intestine  were  luminous.''  The  luminous  appear- 
ance is  not  observed  in  the  presence  of  alcohol  or  oil  of  turpentine. 

'  Baader:     Corr.-Bl.    f.    schweiz.  'Lesser:    Vrtljschr.  f.  ger.  Med., 

Aerzte,  1872,  ii.,  419.  1S98,  3  F.,  xv.,  262,  cases  106  and 

2  "Handb.  d.  ger.  Med.,  5te  Aufl.,  109. 

ii-,  513.  ^  Werner:  Memorabil.,  Heilbronn, 

2  Liman:  Casper-Liman,  "Handb.  1890-91,  n.  F.,  x.,  513. 

d.   ger.    Med.,"    8te   Aufl.,   ii.,  479.  "  Mowat:  Lancet,  1891,  ii.,  1387. 

Starke:    Diss.,    Jena,   1868,    p.,    25.  '  v.  Maschka:  Vrtljschr.  f.  prakt. 

Wiemann:   Ztschr.   f.   Staatsarznk.,  Heilk.,  1867,  .xcvi.,  26. 

1862,    Ixxxiii.,    185.     Casper:    Vrtl-  "  Anderson:  Lancet,  1871,  ii.,  189. 

jschr.  f.  ger.  Med.,  1858,  xiv,,  1S5.  »  Kiemann:     Her.  .  .  .  Rudolph 

Bunau:/Wd.,  1859, xvi., 305.  Martin:  Stift.,  1883,  407. 

Brit.  Med.  J.,  1878,  i.,  478.    Tungel:  '»  v.  Maschka:  Wien.  med.  Wchn- 

Deut.    Khn.,    1863,    xv.,    395,   402,  schr.,  1884,  xxxiv.,  608. 

cases   XV.-  xvi.     Curtis:   Boston  M.  "  Langer:  Prag.  med.  Wchnschr., 

and  S.  J.,  1876,  xciv.,  433.  1S92,  xvii.,  451. 
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The  stomach  is  congested,  with  infiltration  of  blood  into  the 
submucous  tissue,  the  mucous  membrane  swollen  and  softened 
and  frequently  marked  with  patches  of  purple  or  black-gray.' 
More  frequently  the  gastric  mucous  membrane  is  pale,  grayish, 
or  yellowish,  with  no  reddish  tinge  except  in  circumscribed 
areas  where  extravasations  have  occurred  in  the  submucous 
tissue,  and  dull.  On  section  the  peptic  glands  are  found  swollen, 
cloudy,  and  later  containing  oil  globules  and  finely  granular 
detritus;  the  gastro-adenitis  of  Virchow.^  Although  phosphorus 
does  not  produce  corrosion,  there  are  sometimes  small  erosions, 
of  a  cm.  or  less  in  greatest  diameter.^  In  peracute  cases  there  is 
no  trace  of  local  action  in  either  stomach  or  intestines.  The 
contents  of  the  stomach  are  liquid,  "coffee-ground,"  or  pitchy 
in  consistence,  dark  or  black  in  color,  strongly  acid  (unless 
alkalies  have  been  administered),  and  sometimes  contain  large 
clots  of  blood  in  subacute  cases. ^  The  quantity  of  liquid  in  the 
stomach,  and  in  the  intestines  as  well,  is  sometimes  sufficient  to 
cause  their  distention  and  the  escape  of  liquid.  In  other  cases 
the  stomach  is  empty  or  nearly  so.  The  contents  may  have  the 
odor  of  garlic  and  be  luminous  in  the  dark,  and  rarely  they  have 
been  found  to  contain  phosphorus  in  substance,  even  if  life 
have  continued  for  3  days,  or  coloring  matter  or  wood  from 
matches.'  The  intestinal  mucous  membrane  is  frequently 
unaffected;  in  other  cases  it  is  swollen,  injected,  ecchymosed, 
dull,  softened,  and  grayish,  and  the  solitary  follicles  are  swollen 
and  prominent.  The  intestinal  contents  have  exceptionally 
been  found  to  have  the  odor  and  luminosity  of  phosphorus,  to 
give  off  white  fumes,  and  to  contain  fragments  of  the  element.* 

'For   colored    plate    see    Lesser:  cesophagus,  5  in  stomach.     Bingley: 

"Atl.   d.  ger.   Med.,"   pi.   x.,  Figs.  Lancet,    1857,   i.,  600,   death  in  26 

1  aid  2.  hours,  Prussian  blue  and  P  in  stom- 

'Virch.  Arch.,  1864,  xxxi.,   399.  ach.  Wald:  "Ger.  Med.,"  1858, i.,  413, 

Van    Giessen:    Med.     Rec,     1887,  death  in  36   hours,  exhumation   in 

xxxu.,  113.  5  weeks,  fragments  P  from  stomach 

^Rothhammer:  Diss.,  Wilrzburg,  by  levigation.     Fischer:  Vrtljschr.  f. 

1890,    p.    22.      Bunau:     Loc.     cit.  ger.   Med.,    1872,    xvii.,  1,  death  in 

Leudet:  Arch.  g^n.  de  m^d.,  1857,  three  days,  one  "gran"  (0.0622  gm.) 

5  s.    IX.,  308.     Courtney:    Brit.  J.  elementary     phosphorus.      Tardieu 

ir  J  •  °'^-'  ^^^^'  "i-'  345.     Michel:  and    Roussin:    Ann.    d'hyg.,    1868, 

Med.   Corr.-Bl.    d.  Wiirtemb.  aerz.  2    s.,    xxix.,    117,    sulfur    and    lead 

Ver.   1860,  xxx.,  333.  chromate.    Michel:  Loc.  cit.,  2  cases, 

•   Von  Maschka:  Vrtljschr.  f.  ger.  found  dead,  granules  of  P. 

Med    1886,  n.  F.,  xlv.,  232.  "  Michel:    Loc.    cit.,    found    dead, 

Cameron:  Lancet,  1896,  ii.,  241,  white     fumes,     odor,     granules     of 

death  in  1-2  hours,  one   match   in  phosphorus    from    small    intestine 
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Erosions  of  the  intestinal  mucous  membrane  are  of  very  excep- 
tional occurrence,  but  in  one  of  Michel's  cases'  there  were  ero- 
sions and  ecchymoses  in  the  mucous  membrane  of  the  entire 
small  intestine,  most  numerous  toward  the  caecum,  where  the 
fragments  of  phosphorus  were  also  most  abundant. 

The  liver  is  usually  enlarged,  sometimes  to  an  enormous  size, 
and  particularly  the  left  lobe.^  In  some  cases,  however,  it  has 
been  found  to  be  smaller  than  normal.^  Its  color  is  a  bright  or 
dirty  yellow,  with  red  spots  or  blotches.*  It  is  friable,  and 
pulpy  in  consistence.  On  section  it  is  icteric,  oily,  and  greases 
the  knife.  In  one  instance,  however,  it  was  described  as 
perfectly  bloodless,  white,  and  of  the  appearance  of  having 
been  boiled;'^  while  in  another  it  is  said  to  have  been  very  dark." 
On  microscopic  examination  it  is  found  to  be  the  seat  of  more  or 
less  advanced  fatty  degeneration,  even  in  some  of  the  cases  of 
short  duration.'  The  liver  cells  are  enlarged,  more  round  than 
polygonal,  filled  with  fat,  either  granular  or  in  globules,  and 
sometimes  hiding  the  nucleus.  In  advanced  cases  the  cells  may 
be  ruptured,  and  replaced  by  large  fat  globules  which  occupy 
the  greater  part  of  the  acini,  at  whose  peripheries  the  changes  are 
more  marked  than  toward  the  central  veins.  The  cells  are 
sometimes  diffusely  stained  with  bile  pigment.  The  interstitial 
connective  tissue  is  not  affected,  except  by  infiltration  of  small 

near  caecum.     Tardieu  and  Roussin:  hart:  Tr.  Path.  Soc,  London,  1884-5, 

"Empoison.,"  2eme  Ed.,  622,  death  xxxvL,  479;     7     days;     1,773    gm. 

in   about    20    hours,    fragments    of  Normal,  1,450  to  1,700  gm. 

phosphorus      in      large      intestine.  'Harris:    Lancet,   1886,  ii.,  582. 

Martm:  Brit.  Med.  J.,  1878,  i.,  478,  Kiemann:  Ber.  .  .  .  Rudolph Stift., 

death  in  4  days,   2,8  grains  phos-  1883,407, case iii.  Diesterweg:  Diss., 

phorus      in      intestinal      contents.  Greifswald,    1868,    p.    18,    5  cases. 

Hammer:    Prag.    med.    Wchnschr.,  Schleiss-Lowenf eld :  Diss.,  Munchen, 

1889,    xiv.,    79,    death   in   9   hours,  1869,  p.  12.    Rummel:  Ztschr.  f .  rat. 

intestinal    contents    luminous,    give  Med.,  1868,  3  R.,  xxxiii.,227.  Wallis: 

off   vapor   and    odor,    and    contain  Hygiea,    1884,   xlvi.,  340.     Langer: 

pieces  of  matches.  Med.    Jhrb.,    1881,    475.     Ebstein: 

'■  Loc.    cit.     Also    in    Courtney's  Arch.  d.  Heilk.,  1869,  x.,  379. 

case,  loc.  cit.  *  For   colored   plates   see   Lesser: 

^Starke:  Diss.,  Jena,  1868,  death  "Atl.  d.  ger.  Med.,"  pi.  xvii.,rig8. 

in  4  days;  weight  of  liver  4,300  gm.  1,    2.    Kast    and    Rumpel:   "Anat. 

Robitsheck:  Deut.  med.  Wchnschr.,  path.  Taf.,"  Pt.  xi.,  D.  iii. 

1893,  xix.,  569;  4  days;    2,450  gm.  'Cutler:  Boston  M.  and  S.  J.,  1862, 

Starling:   Guy's  Hosp.   Rep.,    1890,  Ixvi.,  393. 

xxxii.,     275;      7     days;    2,115    gm.  "  Bunau:    Loc.  cit. 

V.  Sturcke:  Deut.  Arch.  f.  kl.  Med.,  '  Von      Maschka:     Wien.     med. 

1884,   XXXV.,  481;   4^  days;    2,170.  Wchnschr.,     1884,    xxxiv.,    608,   3 

Henry:   Boston,  M.  and  S.  J.,  1883,  cases  of  death  within  8  hours. 
cix.,  14;  7  days;  1,770   gm.     Good- 
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fat  globules.  The  smaller  biliary  ducts  are  dilated,  and  plugged 
with  colorless,  viscous  mucus.  Schmaus'  has  also  observed  the 
presence  of  Russel's  bodies  in  the  Hver  cells. ^  According  to 
Klix,'  when  an  icteric,  fatty  liver  is  found  along  with  the  other 
lesions,  and  the  clinical  history  has  been  that  previously  described, 
the  diagnosis  of  phosphorus  poisoning  may  be  made,  even  if  the 
chemical  evidence  has  been  negative.  A  few  cases  have  also 
been  reported  in  which  the  liver  has  been  found  reduced  in 
size  and  weight,  its  surface  irregular,  its  color  mottled  brown-red 
and  yellow,  and  its  section  showing  areas  of  dark  red  which 
appear  sunken  in  contrast  to  other  areas  of  saffron-yellow. 
Microscopically  there  is  hyperplasia  of  the  interstitial  tissue  as  in 
cirrhosis.*  A  similar  condition  has  been  produced  in  animals 
by  long-continued  dosage,^  while  the  absence  of  fatty  degen- 
eration has  been  noted  in  animals  poisoned  by  massive  doses 
within  24  hours,  or  even  by  smaller  doses  within  4  or  5  days.° 
The  spleen  is  usually  of  normal  size,  sometimes  enlarged,  and  oc- 
casionally diminished.'  The  kidneys  are  somewhat  larger  than 
normal,  smooth,  and  yellow  or  yellowish  in  color.  On  section 
the  cortex  is  fatty,  ansmic,  yellowish,  firm,  and  dry,  the  glomeruU 
appearing  as  red  spots;  the  medullary  portion  pale  and  yellow 
in  striations  corresponding  to  the  straight  tubes.  Occasionally 
there  are  ecchymoses.     The  microscope  shows  the  existence  of 

'Sitz.-ber.  d.  Gesell.  f.  Morph.  u.  1880,  xxx.,  61.    Hessler:  Ibid.,  1882, 

Physiol,  in  Milncheu  (1897),   1898,  xxxvi.,  25,  13  cases  in  56.     Yaman6: 

xiii.^93.  Wien.  kl.  Wchnschr.,  1891,  iv.,  507. 

^  See  also:   Erman:    Vrtljschr.   f.  Hedderich:  Miinch.  med.  Wchnschr., 

ger.  Med.,   1881,  n.  F.,  xxxv.,  248.  1895,    xlii.,    93,     120.     v.     Jaksch: 

Hedderich:  Munch,  med.  Wchnschr.,  Nothnagel,  "Spec.  Path.  u.  Ther.," 

1895,   xlii.,    93,120.    Schmaus    and  1897,     p.     155.      Kretz:    Lubarsch- 

Bohm:    Virch.    Arch.,    1898,    clii.,  Ostertag,     Ergebnisse,     1902,    viii., 

261.    Tischner:  lUd.,  1904,  clxxv.,  514. 

158.  ^Aufrecht:    Deut.    Arch.    f.    kl. 

'Friedreich's    Bl.    f.    ger.    Med.,  Med.,     1878,     xxiii.,    331;    1896-7, 

1905,  Ivi,,  151.  Iviii.,      302.      Archermann:      Virch. 

'Koch:   Med.   Corr.-Bl.   d.  Wurt.  Arch.,  1880,  Ixxx.,  396.  Kronig:  76?d., 

aerztl.  Ver.,  1861,  xxxi.,  249.    Mann-  1887,  ex.,  502.    Dinker:  Diss.,  Halle, 

kopf:  Wien.  med.  Wchnschr.,  1863,  1887.    Ziegler  and  Obolonski:  Beitr. 

xui.,  322, 3  cases.     Meischner:  Diss.,  z.  path.  Anat.  u.  Physiol.,  1888,  ii., 

Leipzig,  1864,  2  cases  in  40.     Alter:  329. 

Diss.,  Breslau,  1867.   Ebstein:  Arch.  "  Oddo  and  Olmer:  C.  r.  Soc.  de 

d.  Heilk.,  1867,  viii.,  506;  1868,  ix.,  bioL,  1904,  Ivi.,  386,  901. 

219;1869,x.,  379.  LebertandWyss:  'In     v.     Jaksch's     16     autopsies 

Arch.  g^n.  de  m^d.,  1868,  ii.,  257,  {hoc.   cit.)   it  was  slightly  enlarged 

407     531,     685.     Bollinger:     Deut.  three   times,    enlarged   three  times. 

Arch.   f.    kl.    Med.,    1869,    v.,  149.  and  small  once.     See  also  Hessler: 

i-rman:    Vrtljschr.    f.    ger.     Med.,  Loc.  cit.,  p.  17. 
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fatty  degeneration.  1  The  bladder  is  empty,  or  contains  bloody 
urine.  The  heart  is  fatty,  pale,  its  valves  yellow,  and  ecchymoses 
are  found  in  the  endocardium,  pericardium,  and  intermuscular 
connective  tissue.  It  is  usually  empty,  or  contains  but  Httle 
dark,  fluid  blood.^  Hessler  has  reported  two  cases  in  which  the 
heart  contained  much  blood. ^  In  the  lungs  there  are  hemor- 
rhagic infarcts  in  the  pulmonary  tissue,  oedema  and  hyperemia 
of  the  inferior  lobes,  and  subserous  extravasations  in  the  pleura. 
Fat  emboli  have  been  found  in  some  cases. ^  The  brain  and  its 
coverings  are  in  some  cases  normal,  in  others  congested,  with 
capillary  hemorrhages  and  effusions  in  the  arachnoid  and  ventri- 
cles. Microscopically  fatty  infiltration  of  the  ganglion  cells  of 
the  cortical  portion,  and  of  the  walls  of  the  capillaries,  have  been 
observed.^  The  same  degenerative  changes  occur  in  the  spinal 
cord.*  Hemorrhage  into  the  sheath  and  substance  of  nerve 
trunks  have  been  noticed,'  as  well  as  punctiform  hemorrhages 
in  the  brain  substance  or  larger  extravasations  upon  the  cere- 
bral hemispheres.* 

Analysis. — Although  phosphorus  is  very  readily  oxidized  in 
air,  it  appears  to  remain  in  the  living  body  in  the  elementary  form 
for  a  comparatively  long  time.'  It  has  been  found  in  the  unoxi- 
dized  form  in  the  cadavers  of  persons  who  have  survived  for  6 '° 
and  9^^-  days  after  haying  taken  it,  and  in  the  faeces  after  10 
days.^^  On  the  other  hand,  a  properly  conducted  analysis  has 
frequently  failed  to  reveal  the  presence  of  unoxidized  phosphorus 
or  of  its  lower  oxids  in  much  more  rapidly  fatal  cases  of  unques- 
tionable phosphorus  poisoning.     Under  favorable  circumstances 

'For    colored    plate    see    Lesser:  ii.,535.   Dutoit:  Corr.-Bl.  f.  Schweiz. 

"Atl.  d.  ger.  Med.,"  pi.  xvi.,  Figs.  Aerzte,  1886,  xvi.,  359. 

3,10,11.  ^Gurrieri:    Rif.    med.,    1893,   ix., 

'  See  pp.  648,  665.  pt.  4,  410;  Riv.  sper.  difreniat.,  etc., 

3  Loc.  cit,  p.  28.  1896,  xxii.,  425. 

^Puppe:   Vrtljschr.  f.  ger.   Med.,  'Reichel:    Wien.   kl.    Wchnschr., 

1896,  3  F.,  xii.,  suplh.,  97.    Carrara:  1894,  vii.,  153,  175. 

Giorn.  di  med.  leg.,  1897,  iv.,  209,  *  v.  Biinau:  Vrtljschr.  f.  ger.  Med., 

241;  Friedreich's    Bl.   f.   ger.   Med.,  1859,  xvi.,  305.     Rotky:  Prag.  med. 

1898,  xlix.,  241.  Wchnschr.,  1906,  xxxi.,  219. 

^Bollinger:    Deut.    Arch.    f.    kl.  '  Lupine  and  Eymonnet:  C.  r.  Soc. 

Med.,  1869,  vi.,  94.     Heschl:   Wien.  de  bioL,  1882,  7  s.,  iv.,  622. 

med.   Wchnschr.,    1876,  xxvi.,  473.  "Dutoit:     Corr.-Bl.    f.   Schweiz. 

Mader:     Ber.  .  .  .  Rudolph     Stift.,  Aerzte,  1886,  xvi.,  359. 

1881,    327.    Hammer:    Prag.    med.  "Casper:    "Klin.    Novellen,"  p. 

Wchnschr.,  1889,  xiv.,  79.      Elkins:  419. 

Brit.  Med.  J.,  lS9I,ii.,  1302.     Rossi:  '^  g^^jt.  pjgg^   Berlin,  p.  36. 
Riv.  di  patol.  nerv.  e  ment.,  1897, 
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phosphorus  sometimes  remains  unaltered  for  long  periods  in 
decaying  cadavers.  As  early  as  1848  Schaeffer  detected  phos- 
phorus in  the  cadaver  of  a  child  which  had  been  buried  14  days.' 
Duchesne^  found  elementary  phosphorus  in  a  cadaver  after 
more  than  one  month.  Wald^  isolated  fragments  of  the  element 
from  the  stomach  contents  of  a  body  buried  5  weeks.  Elvers* 
separated  0.094  gm.  of  phosphorus  from  the  intestines  of  a  ca- 
daver buried  42  days.  Fischer  and  Mtiller'^  detected  free  phos- 
phorus after  8  weeks  in  cadavers  of  animals  killed  by  it,  and  phos- 
phorous acid  after  12  weeks.  Hoffmann,*  in  a  case  fatal  in  8 
hours,  detected  the  element  in  the  putrid  intestinal  contents  after 
2  months,  and  in  another  case,  fatal  in  3  days,  after  5  months. 
Poleck,'  in  a  homicidal  case,  obtained  an  affirmative  Dusart 
after  a  burial  of  3  months.  Felletar*  detected  phosphorus  by 
both  Mitscherlich  and  Dusart  methods  in  cadavers  which  had 
been  buried  for  12  and  13  months.  Bosnajakovic^  obtained  an 
affirmative  Mitscherlich  from  the  stomach,  intestines,  and  liver 
of  a  cadaver  which  had  been  buried  468  days.  Such  instances 
are,  however,  exceptional,  and  in  cases  of  suspected  phosphorus 
poisoning  the  analysis  should  be  made  as  soon  as  possible.  Some- 
times a  careful  examination  of  the  stomach  or  intestinal  con- 
tents will  lead  to  the  discovery  of  fragments  of  phosphorus, 
usually  in  globules,  in  substance;  or  even  of  fragments  of  wood 
with  adherent  sulfur,  pigment,  and  phosphorus  when  match 
heads  have  been  taken. ^"  Phosphorus  may  sometimes  be  found 
in  the  stains  of  vomit  upon  the  clothing,  etc. 

As  phorphorus  in  the  form  of  phosphates  and  in  organic  com- 
bination exists  in  extremely  varying  amount  in  different  food 
articles  and  in  the  tissues  and  fluids  of  the  body,  its  discovery  or 
quantitative  determination  in  these  forms  is  without  forensic 
interest.  That  the  analysis  shall  afford  any  affirmative  indica- 
tion of  phosphorus  poisoning,  phosphorus  must  be  detected 
in  the  elementary  form,  or  in  its  lower  conditions  of  oxidation 

'"Samml.     gerichtsarztl.     Gut-  '  Vrtlischr.    f.    ger.    Med.,    1887, 

acht.,"  1848,  287.  n.  F.,  xlvi.,  286. 

C.  r.  Ac.  Sc,  1856,  xlii.,  437.  « Pest,    med.-chir.    Presse,    1890, 

'  "  Ger.  Med.,"  1858,  i.,  413.  xxvi.,  148. 

'  Vrtljschr.    f.    ger.    Med.,    1876,  »  Schmidt's  Jhrb.,  1903,  cclxxvii., 

n-F.xxv.,  25.  210. 

Ibid.,  1876,  n.  F.,  xxiv.,  1.  '"See  notes  5  and  6,  p.  667. 

Lehrb.    d.    ger.     Med.,"     5te 
Aufl.,  679. 
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as  hypophosphorous  or  phosphorous  acid,  in  which  states  it  does 
not  occur  naturally  in  the  animal  or  vegetable  world. 

The  fact  that  an  organic  mixture  is  luminous,  without  dis- 
tillation, or  that  it  has  the  odor  of  garlic,  is  not  sufficient  evidence 
of  the  presence  of  phosphorus,^  although  it  affords  ground  for 
suspicion  and  serves  as  a  preliminary  indication.  For  this 
use  Binda^  has  suggested  that  the  material  be  examined  by  warm- 
ing in  a  test-tube  in  the  dark,  and  then  by  warming  upon  a  glass 
slide  under  the  microscope.  The  method  is  supplemented  by 
micro-chemical  testing  with  silver  nitrate,  ammonium  molybdate, 
and  carbon  bisulfid,  and  by  the  production  of  a  green  flame  when 
the  material  has  been  added  to  the  alcohol  in  a  lamp.  Stoenesco,^ 
who  has  experimented  with  the  method  to  his  satisfaction,  except 
in  so  far  as  the  green  flame  is  concerned,  claims  for  it  a  greater 
degree  of  delicacy  than  is  possessed  by  the  Mitscherhch  and 
Dusart  methods.  Sorge*  is  less  laudatory  and  also  failed  to 
obtain  the  green  flame.  While  the  Binda  method  is  undoubtedly 
valuable  for  the  clinical  examination  of  stomach  contents  or 
vomit,  it  is  not  to  be  depended  upon  for  the  detection  of  absorbed 
phosphorus,  and  will  not  displace  the  older  methods  in  forensic 
analyses.  Laf argne'  had  previously  examined  for  luminosity  by 
the  aid  of  the  microscope,  extracting  the  material  with  ether, 
and  evaporating  the  solution  upon  a  glass  slide  in  the  dark. 

Stich"  proposes  a  test  which  consists  in  extracting  the  ma- 
terial with  benzene,  distilling  with  ice-cooling,  adding  a  few  drops 
of  oil  of  turpentine  to  the  distillate,  and  evaporating  the  mixture 
in  shallow  vessels  in  a  moderate  current  of  air,  when  pine-needle- 
shaped  crystals  or  small  drops  separate  if  phosphorus  be  present. 

Gardella'  proposes  a  method  utilizing  the  reducing  action  of 
phosphorus  upon  the  salts  of  silver.  The  vomit,  etc.,  is 
placed  in  a  small  beaker  with  ground  edge,  and  covered  with  a 
photographic  plate.  The  arrangement  is  left  in  the  dark  for  2 
hours,  and  the  plate  then  developed  and  fixed. 

The  Scheerer  reaction'  is  serviceable  only  as  a  preliminary  test. 

'  See  p.  631.  Friedreich's  Bl.  f.  ger.  Med.,  1868, 

^Pharm.    Jahresb.,   1901,   xxxvi.,  xix.,  243. 

630;    also    Alessandri:    Ibid.,    1902,  "Pharm.  Ztg.,  1902,  xvii.,  567. 

xxxvii.,  674.  '  Arch,  di  psychiatr.,  etc.,   1908, 

'Ann.  d'hyg.,  1904,  4s.,  i.,  ."522.  xxix.,  285. 

^Vrtljschr.  f.  ger.  Med.,  190'),  3  F.,  »  ^^n.  d.  Chem.  u.  Pharm.,  1859, 

xxix.,  319.  cxii.,    216.     See    also:    Pedrazzini: 

■>  Referred     to     by     Lamprecht:  Gazz.  d.  osp.,  1906,  xxvii.,  571. 
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The  material,  after  addition  of  water  if  necessary,  and  acidulation 
with  tartaric  acid,  is  placed  in  a  large  flask,  warmed  upon  the 
water-bath.  The  mouth  of  the  flask  carries  a  loosely  fitting 
cork  from  whose  under  surface  depend  two  strips  of  paper,  one 
moistened  with  silver  nitrate  solution,  the  other  with  an  alkaline 
lead  solution.'-  The  operation  being  conducted  in  the  dark, 
blackening  of  the  silver  paper  only  indicates  the  presence  of 
phosphorus.  The  blackened  paper  may  be  treated  with  aqua 
regia,  the  solution  evaporated,  and  the  residue  tested  for  phos- 
phoric acid  by  ammonium  molybdate. 

The  two  methods  upon  which  reliance  is  to  be  placed  are  the 
Mitscherlich  method  and  the  Dusart-Blondlot,  in  some  one 
of  their  modifications.  The  former  responds  to  elementary 
phosphorus  alone,^  the  latter  to  phosphorus  or  hydrogen  phos- 
phid  or  the  lower  oxids,  but  not  to  phosphoric  acid  or  the 
phosphates. 

The  original  Mitscherlich  method^  consisted  in  adding  suf- 
ficient water,  acidulated  with  tartaric  or  sulfuric  acid  to  the 
material,  finely  comminuted  if  solid,  in  a  flask  connected,  by  a  tube 
bent  twice  at  right  angles,  with  a  vertical  glass  condenser,  and 
distilling  over  free  fire  in  absolute  darkness.  In  the  presence  of 
free  phosphorus,  under  favorable  conditions,  a  bright  phosphor- 
escent Hght  is  seen,  most  brilliantly  at  the  point  of  greatest  con- 
densation in  the  upper  part  of  the  condenser,  when  the  liquid 
approaches  the  boiling  point,  and  continues  so  long  as  phosphorus 
passes  in  the  distillate.  With  1  mgm.  of  phosphorus  in  200  gm. 
of  material,  a  dilution  of  1:200,000,  the  luminosity  continues  for 
half  an  hour,  or  until  the  liquid  has  almost  completely  distilled.* 
With  large  quantities,  globules  of  elementary  phosphorus  may 
sometimes  be  found  in  the  distillate.  Care  must  be  had  that  all 
reflections  of  light  are  excluded;  and  the  faint  visibility  of  con- 
densing steam  which  is  sometimes  seen  in  a  dimly  lighted  room  is 
not  to  be  mistaken  for  phosphorescence.  When  the  phosphor- 
escence is  distinctly  seen  it  is  proof  positive  of  the  presence  of 
elementary  phosphorus.     The  phosphorescence  is,  however,  in- 

'  Obtained  by  adding  an   excess  sesquichlorid,  P4S3,  reacts  like  ele- 
ct sodium  hydroxid   to   a   solution  mentary  phosphorus. 
01  a  lead  salt.  '  Vrtljschr.    f.    ger.    Med.,    1855, 
'  According   to    Morner   (Svensk.  viii.,    1 ;   J.   f .   prakt.   Chem.,  1855, 
^arm.  Tid.,   1908,  466,   ex  Jbt.   d.  Ixvi.,  238. 

I'liarm.,  1908,  xliii.,  510)  phosphorus  *Fresenius:    "Qual.  Anal.,"  16te 

Aufl.,  517. 
IV.-43 
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terfered  with  by  many  substances,  among  which  are  alcohol,  oil  of 
turpentine,  carbolic  acid,  ammoniacal,  cupric,  cadmium,  and 
mercurial  salts,  hydrogen  peroxid,  potassium  permanganate,  and 
hydrogen  sulfid,  which  are  liable  to  be  present.'  If  the  inter- 
ference be  caused  only  by  alchohol,  hydrogen  sulfid,  or  hydrogen 
peroxid,  these  distil  over  or  disappear  with  the  first  part  of  the 
distillate,  the  first  two-thirds  in  the  case  of  alcohol,  and  the  lumin- 
osity then  ■  becomes  visible  if  the  quantity  of  phosphorus  be  suf- 
ficient; but  with  very  small  quantities  of  phosphorus,  these  also 
distil  over  completely  in  the  earlier  distillates,  or  may  be  com- 
pletely oxidized  by  hydrogen  peroxid. 

The  luminosity  of  phosphorus  in  this  method  is  attended  by 
its  oxidation,  and  it  was  objected  by  Scheerer^  that  very  small 
quantities  of  phosphorus  might  thus  be  oxidized  to  phosphorous 
acid  in  the  distilling  flask  and  there  retained,  to  the  prevention 
of  any  appearance  of  phosphorescence.  He  therefore  suggested 
distillation  in  an  atmosphere  of  carbon  dioxid,  and  agitation  of 
the  distillate  with  air  in  the  dark.  In  this  method  there  is  no 
luminosity  in  the  condenser  where,  in  the  narrow  tube,  it  is  more 
distinctly  visible  than  in  the  larger  volume  of  the  distillate. 
The  retention  of  phosphorus  in  the  distilUng  flask  in  the  form 
of  phosphorous  acid,  which  is  not  volatile,  undoubtedly  occurs 
whether  the  distillation  be  conducted  in  air  or,  as  recommended 
by  Buchner,^  in  a  current  of  steam  on  the  water-bath,  and  under 
these  conditions  the  whole  of  the  phosphorus  never  passes  into  the 
distillate. 

To  still  obtain  the  luminosity,  and  at  the  same  time  reduce 
the  oxidation  of  phosphorus  to  a  minimum,  Hilger  and  Natter- 
mann*  distil  in  an  atmosphere  of  carbon  dioxid,  collecting  the 
distillate  in  a  flask  connected  air-tight  with  the  condenser-tube, 
and  communicating  with  an  aspirator  by  which  a  current  of  air 
can  be  drawn  in  at  will,  through  a  short  tube,  fitted  with  a  piece 
of  rubber  tubing  and  a  pinch-cock,  fused  upon  the  communi- 
cating tube  between  the  distilhng  flask  and  the  condenser.  The 
distillation   is   thus  conducted  in  a  carbon  dioxid   atmosphere, 

'  Mitscherlich:  hoc.  cit.    Scheerer:  Fischer:  Pfliig.   Arch.,   1903,  xcvii., 

Loc.  cit.   Mankiewicz:  Tagebl.  d.  .5!i.  578. 

Versam.  d.  deut.  Naturf.  u.  Aerzte.  "  Loc.  cit 

1886,421.    Polstorff  and  Mensching:  =  Ztschr.    f.    anal.    Chem.,    1875, 

Berichte,    Berl.,    1886,    xix.,    1763.  xiv.,  165. 

Hollefreund:  Diss.,  Erlangen,   1890.  •*  Forschungsber.    u.    Lebensmit., 

1898,  iv.,  241. 
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except  when,  at  intervals,  air  is  admitted  for  a  brief  period  for  ob- 
servation of  luminosity.  The  trifling  loss  of  phosphorus  thus 
sustained  does  not  materially  affect  the  quantitative  determin- 
ation of  such  amounts  of  phosphorus  as  are  usually  present  and 
determinable. 

The  disturbing  influence  of  alcohol  in  the  first  part  of  the 
distillation  is  counteracted  by  Habermann  and  Oesterreicher's' 
modification,  in  which  a  small  dropping  funnel  with  stopcock  is 
inserted  into  the  upper  cork  of  the  condenser,  from  which  a  gentle 
stream  of  water  is  allowed  to  flow  at  intervals  into  the  inner 
tube  of  the  condenser  during  the  distillation.  When  the  water  is 
admitted  a  lightning-like  flash  is  observed  even  in  the  presence  of 
alcohol  vapor. 

The  method  of  Muckerji-  may  be  considered  as  a  modification 
of  the  Mitscherlich,  and  depends  upon  the  luminosity  in  the 
dark  of  hydrogen  containing  vapor  of  phosphorus. 

The  method  devised  by  Dusart^  and  perfected  and  applied 
to  toxicological  use  by  Blondlot*  is  based  upon  the  following 
facts:  Hydrogen  containing  vapor  of  phosphorus  or  hydrogen 
phosphid  burns  with  a  flame  which,  when  somewhat  cooled,  is 
green  in  color.  Hypophosphorous  acid  and  phosphorous  acid  are 
reduced  by  nascent  hydrogen  to  hydrogen  posphid,  but  phos- 
phoric acid  is  not.  Hydrogen  containing  hydrogen  phosphid 
or  vapor  of  phosphorus  produces  a  black  precipitate  of  silver 
phosphid,  and  the  subsequent  formation  of  phosphoric  acid,  in 
solutions  of  silver  nitrate:  H3P+3AgN03  =  AggP  +  SHNOg  and 
4Ag3P  +  502-t-6H20=6Ag2  +  4H3P04.  Silver  phosphid  in  pres- 
ence of  nascent  hydrogen  forms  hydrogen  phosphid. 

The  material  under  examination,  finely  comminuted  if  solid, 
IS  placed  in  a  hydrogen  generator  with  phosphorus-free  zinc 
(tested  in  blank  by  this  method),  and  hydrogen  is  generated  by 
the  addition,  in  small  portions  at  a  time,  of  pure  dilute  sulfuric 
acid  (1:5),  the  generated  gas  being  directed  through  a  Varren- 
trapp-Will,  or  other  form  of  bulb  recipient,  containing  50  c.c. 
of  a  three-per-cent.  solution  of  silver  nitrate.  If  phosphorus  be 
present  in  the  generator  it  is  converted  into  hydrogen  phosphid, 

'  Ztschr.  f.  anal.  Chem.,  1901,  xl.,  ing     writers     misspell     the     name 

'61-  "Dussard." 

•Chem.  News.  1900,  Ixxxii.,  205.  *  Ibid.,  1861,  Hi.,  1197;  "Re- 
no ''•  -^'^-  '^^  ^^■'  1'^'56.  xliii.,  cherchetox.duPhos.,"  Nancy,  1861. 
1126.    Blondlot  and  many  succeed- 
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which  forms  a  black  or  gray  precipitate  of  silver  phosphid  in  the 
silver  solution.  The  reaction  with  elementary  phosphorus  takes 
place  fairly  rapidly,  but  with  phosphorous  acid  the  reduction 
takes  place  very  slowly,  and  is  not  complete  at  the  ordinary  tem- 
perature even  after  the  lapse  of  10  to  14  days.  The  reaction  is 
accelerated  by  maintaining  the  generator  at  a  temperature  of  60 
to  70°. 

As  gases  other  than  hydrogen  phosphid  also  produce  black  or 
gray  precipitates  in  silver  nitrate  solution,  it  remains  to  demon- 
strate that  the  precipitate  contains  silver  phosphid.  For  this 
purpose  the  precipitate  is  collected  on  a  small  filter,  washed  with 

ice-cold  water,  and  intro- 
duced into  the  apparatus 
shown  in  Fig.  30,  with  as 
little  exposure  to  air  as  pos- 
sible. The  Wolff  bottle  is 
charged  with  pure  zinc  and 
dilute  sulfuric  acid;  the  U- 
tube,  b,  is  charged  with  frag- 
ments of  pumice  moistened 
with  caustic  potash  solution; 
and  the  platinum  tip,  c,  is 
wrapped  around  with  a  strip 
of  cotton  or  filter-paper 
which,  later,  is  kept  cool  by 
dropping  water  upon  it  from 
a  pipette.  When,  both 
pinch-cocks,  e  and  d,  hav- 
ing been  open,  the  apparatus 
has  become  filled  with  hydrogen,  the  pinchcock  d  is  closed  until 
the  funnel  tube,  /,  has  become  nearly  filled  with  liquid;  then  the 
pinchcock  e  is  closed  and  d  opened,  and  the  silver  deposit  is  thrown 
into  /.•  e  is  then  slightly  opened  and  the  escaping  gas  ignited  at 
the  platinum  tip,  c,  the  size  of  the  flame  being  regulated  by  e.  If 
the  silver  deposit  contain  even  a  granule  of  silver  phosphid  a  bru- 
liant  emerald-green  core  is  seen  in  the  center  of  the  flame,  and  when 
this  is  examined  with  the  spectroscope  it  will  show  the  phosphorus 
spectrum  of  three  bright  lines  in  the  green,  Fig.  31.  If  a  long, 
large  glass  tube  be  brought  down  to  enclose  the  flame,  after  the 
manner  of  the  chemical  harmonica,  it  shows  a  green  shimmer 


30. — Apparatus  for  Examination 
of  Silver  Pliospiiid. 
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throughout  its  length,  with  waves  of  green  light  attended  with 
slight  detonations.'  Silver  phosphid  is  easily  decomposed  by 
oxidation  according  to  the  equation  given  above.  There- 
fore if  it  be  allowed  to  remain  too  long  in  contact  with  the  mother- 
liquor,  which  contains  nitric  acid  formed  in  the  first  stage  of  the 
reaction,  or  if  it  be  too  long  exposed  to  the  air,  the  precipitate 
may  consist  entirely  of  metallic  silver  and  all  of  the  phosphorus 
may  be  in  the  solution  as  phosphoric  acid,  in  which  event  the 
green  flame  will  not  be  produced.  It  is  desirable,  therefore,  if 
the  precipitate  form  rapidly,  to  remove  the  bulb  receiver  without 


I 
Fig.  31. — Spectrum  of  Phosphorus. 

awaiting  the  completion  of  the  process,  substitute  another 
similarly  charged,  and  proceed  with  the  testing  of  the  precipitate 
first  formed. 

Three  objections  have  been  urged  against  this  method.  First: 
Hypophosphites  respond  to  it  perfectly,  and  these  salts  are  now 
used  medicinally  quite  frequently.  Panzer^  has,  however,  shown 
that,  in  dogs  at  least,  hypophosphites  are  rapidly  absorbed,  and 
completely  eliminated  within  24  hours.  Blondlot''  also  found  that 
hypophosphites  are  eliminated  rapidly  in  the  urine.  Therefore 
a  mistake  of  medicinal  hypophosphites  for  elementary  phos- 
phorus can  only  occur  if  the  former  have  been  taken  in  the  last 
day,  or,  allowing  for  delayed  ehmination,  2  days,  of  life.  Second: 
The  detection  of  volatile  phosphorus  compounds  in  the  urine  by 
Selmi,  using  a  process  practically  identical  with  this,"*  has  also 
been  referred  to  as  a  possible  source  of  error.  But  as  Selmi 
only  detected  these  compounds  in  the  urine  which  had  stood 
for  a  day,  and  not  in  that  which  was  fresh,  and  as  phosphorus  is 
not  eliminated  by  the  urine,  error  from  this  source  is  not  to  be 
feared.    Third:  Stich^  has  suspected  that  volatile  phosphorus 

'Dalmon:   Chem.    Centbl.,  1871,  ^Loc.cil. 

2 V,    ,  '  See  p.  663. 

/Itschr.    f.    Unt.    d.    Nahr.-    u.  =>  Ztschr.     f.    Unt.    d.    Nahr.-    a. 

t^enus-Mit.,  1902,  v.,  1.  Genus.-Mit.,  1900,  iii.,  685. 
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compounds  may  be  produced  by  putrefaction  from  the  organic 
phosphorus  compounds  of  the  body,  particularly  the  brain.  -But 
neither  he  nor  any  other  has  described  the  actual  formation  of 
such  compounds.'  An  affirmative  Mitscherlich  is  a  complete 
answer  to  these  objections. 

In  the  systematic  search  for  all  volatile  poisons  in  the  appa- 
ratus shown  in  Fig.  2,  p.  154,  the  carbon  dioxid  generator  not 
being  in  operation,  the  luminosity  will  appear,  in  the  absence  of 
disturbing  agents,  in  the  fractioning  tube,  d,  before  the  Hquid 
begins  to  boil.  Should  this  occur  the  operation  should  be  dis- 
continued at  once,  and  the  apparatus  and  method  changed  to 
those  described  below.  If  no  luminosity  appear  in  a  reasonable 
time  the  operation  is  to  be  continued  in  a  current  of  carbon 
dioxid,  and  the  distillate  examined  by  the  Dusart-Blondlot 
method,  and  for  phosphoric  acid,  which  can  only  be  present  as  a 
product  of  oxidation  of  phosphorus  or  of  a  volatile  phosphorus 
compound. 

When  the  search  is  specially  directed  to  phosphorus  a  modifi- 
cation of  the  Fresenius-Neubauer  process,^  which  is  itself  a  com- 
bination of  the  Mitscherlich  and  Dusart-Blondlot  methods,  with 
the  Hilger-Nattermann  addition,  is  the  most  desirable.  The 
apparatus  shown  in  Fig.  2,  p.  154,  is  modified  by  dispensing  with 
the  fractioning  tube,  d,  connecting  the  flask  and  condenser  by  a 
tube  having  a  three-way  attachment  with  rubber  tubing  and 
pinchcock  as  above  described,  and  substituting  for  the  flask 
receiver  a  bulb  receiver  charged  with  silver  nitrate  solution  as  in 
the  Dusart-Blondlot  method,  connected  air  tight  with  the  con- 
denser tube,  and  at  the  other  end  with  an  aspirator.  The  appa- 
ratus having  been  mounted  and  charged  as  in  the  MitscherHch, 
,it  is  filled  with  carbon  dioxid,  and  the  water-bath  heated  to  60°  to 
70°,  the  aspirator  being  suitably  adjusted.  The  operation  is 
conducted  in  a  dark  room,  and  luminosity  sought  for  by  opening 
the  pinchcock  on  the  connecting  tube  for  a  brief  period  from  time 
to  time,  but  not  after  the  phosphorescence  has  been  distinctly 
noticed.  The  operation  is  continued  for  6  to  8  hours,  after 
which  the  contents  of  the  bulb  receiver  are  examined  by  the 
Dusart-Blondlot. 

'See    Halasz:    Ztschr.    f.    anorg.  =  Ztschr.  f.  anal.  Chem.,  1862,  i., 

Chem.,    1901,  xxvi.,  4;?.S.     Fischer:       351. 
Pflug.  Arch.,  I'.KIIJ,   xcvii.,   57S. 
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This  form  of  apparatus  and  method  may  be  used  for  quanti- 
tative determination.  The  silver  solution  with  its  contained  pre- 
cipitate is  oxidized  by  heating  with  nitric  acid,  freed  from 
silver  by  precipitation  with  hydrochloric  acid  and  filtration,  and 
the  phosphoric  acid  is  determined  in  the  filtrate  as  magnesium 
pyrophosphate.  The  weight  of  PjOjMgj,  multiplied  by  0.2784, 
gives  the  weight  of  phosphorus.  With  very  large  quantities 
of  phosphorus,  in  rare  instances,  globules  of  elementary  phos- 
phorus may  be  seen  in  the  receiver.  These,  by  moderate  warm- 
ing, may  be  united  into  a  single  globule,  which  may  be  weighed 
and  preserved  as  an  exhibit,  sealed  in  hydrogen.  For  approxi- 
mate quantitative  determination  of  phosphorous  acid  the  mate- 
rial remaining  in  the  distilling  flask  may  be  transferred  to  a  hy- 
drogen generator  as  in  the  first  stage  of  the  Dusart-Blondlot 
method,  maintained  at  60  to  70°  for  4  to  5  days,  and  the  phos- 
phoric acid  determined  in  the  silver  solution  as  described  above. 
Or  the  bulb  receiver  may  be  charged  with  concentrated  nitric 
acid  in  place  of  silver  nitrate.  P2O7Mg2X0.7366  =  H3PO3. 
The  results  are  always  too  low. 

HYDROGEN  PHOSPHID. 

Phosphorus  and  hydrogen  combine  to  form  3  compounds: 
one  solid,  P4H2,  one  liquid,  P2H4,  and  one  gaseous,  PH3.  The 
liquid  compound  ignites  spontaneously  on  contact  with  air,  and 
the  spontaneous  inflammability  of  the  gaseous  compound,  when 
prepared  by  the  action  of  water  upon  calcium  phosphid,  is  due  to 
admixture  of  vapor  of  the  liquid.  When  pure  the  gaseous  com- 
pound is  not  spontaneously  inflammable.  None  of  these  com- 
pounds has  been  shown  to  have  been  produced  during  putrefac- 
tion of  phosphorus-containing  organic  substances. 

The  gaseous  compound  is  the  only  one  of  toxicological  inter- 
est. It  is  actively  poisonous,  and  its  action  is  so  similar  to  that 
of  phosphorus  itself  that  Dybkowsky'  advanced  the  theory  that 
elementary  phosphorus  produces  its  action  only  after  conver- 
sion into  hydrogen  phosphid  in  the  alimentary  canal.  When 
inhaled,  largely  diluted  with  air,  it  also  causes  dyspnoea,  sense 
of  pressure  and  pain  in  the  chest,  accelerated  respiration,  and 
asphyxia.  After  death  the  lungs  are  found  to  be  hypersemic 
' Hoppe-Seyler's  "Med.-chem.  Unt.,"  1886,  p.  57. 
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and  oedematous,  with  capillary  hemorrhages.  The  blood  is 
found  to  be  of  a  dark-violet  color,  and  to  have  in  a  great  measure 
lost  its  power  of  absorbing  oxygen;  although  there  is  no  change 
from  the  normal  in  its  spectrum.' 

But  few  human  poisonings  have  been  noted.  Eulenberg^ 
briefly  refers  to  one  of  rapidly  fatal  asphyxia.  "A  practical 
chemist"  placed  a  saucer  containing  calcium  phosphid  and  water 
at  the  door  of  a  room  to  annoy  an  objectionable  tenant.'  An- 
other English  case  of  suspected  poisoning  is  reported  by  Brenner.* 
Bandler^  ascribes  the  sudden  unconsciousness,  dyspncea,  and 
tetanic  symptoms  in  a  man  employed  in  a  match  factory  to  the 
action  of  hydrogen  phosphid.  In  the  past  few  years  several 
fatal  poisonings  by  the  emanations  from  "  f errosilicium "  have 
occurred  upon  ships  upon  which  it  formed  part  of  the  cargo.  This 
susbtance  is  a  coarse,  metallic-appearing  powder,  made  by  heating 
a  mixture  of  iron  ore,  quartz,  coke,  and  lime  in  an  electric  furnace, 
for  use  in  the  steel  industry.  In  moist  air  it  gives  off  an  alliace- 
ous odor,  and  gases  containing  ninety-five  per  cent,  of  hydrogen 
phosphid,  four  per  cent,  of  hydrogen  arsenid,  and  small  quantities 
of  acetylene  and  hydrogen  silicid.  One  ton  of  ferrosilicium 
liberates  250  gm.,  or  161  liters  of  hydrogen  phosphid.  Lehn- 
kering'  has  reported  the  fatal  poisoning  of  two  children  and  a 
canary  in  the  cabin  of  a  boat  on  the  Rhine,  and  refers  to  four 
other  similar  cases  on  boats  carrying  the  same  material.  Smith' 
reports  the  death  of  5  Russian  emigrants,  2  men,  a  boy,  and  3 
girls,  on  the  steamer  Ashton  during  a  trip  of  24  hours.  Bruy- 
lants  and  Druyts'  state  that  4  out  of  6  steerage  passengers  on  a 
steamer  from  Goteborg  to  Antwerp  were  found  dead  on  arrival. 
The  same  authors  refer  to  the  severe  poisoning  of  5  stevedores 
employed  in  loading  a  ship  at  Antwerp  in  1907;  to  the  deaths 

'  Eulenberg:  "Lehre  V.  d.  schad.  'Sydenham    Soc,    Bien.    Retro- 

u.     gift.     Gasen,"     1865,    p.    42S.  spect,  1865-6,  443. 

Brilliant:     Diss.,     St.     Pet.,     1881;  *  Prag.  med.  Wchnschr.,  1879,  iv.. 

Arch.  f.  exp.  P.  u.  P.,  1882,  xv.,  439.  163. 

Lindemann:   Arch.  f.  exp.  P.  u.  P.,  »  Ztschr.  f.  Unt.  d.  Nahr.-  u.  Gen.- 

1898,  xli.,  191.     For  experiments  on  M.,   1906,  xii.,  132;  also:  Bahr  and 

animals  see  also:   Schulz:   Arch.   f.  Lehnkering:  Vrtljschr.  f.  ger.  Med., 

exp.    P.    u.    P.,    1890,    xxvii.,  314.  1906,  3  F.,  xxxii.,  123. 

Lehmann:     Sitz.-Ber.     d.    phys.-  '  J.  Roy.  Inst.  Publ.  Health,  1909, 

med.    Gesell.    zu    Wilrzburg,    1903  xvii.,    1;    also:    J.    L.    H.:   Science, 

(1904),      67.      Boltenstern:      Diss.,  1909,  xxix.,  583. 

Greifswald,  1889.  s  guH    ^^   ^oy.  de  m6d.  de  Belg., 

'  Loc.  cit.,  p.  437.  1909,  4  s.,  xxiii.,  26. 

^  Lond.  Med.  Gaz.,  1848,  xlii  ,  473 
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of  two  others  similarly  employed,  and  to  the  death  of  a  girl  pas- 
senger at  Hango  in  Finland  in  1908.  Robertson^  reports  the 
deaths  of  two  children  on  a  canal  boat  in  England. 


CHRONIC  PHOSPHORUS  POISONING. 

Although  poisonings  by  repeated  administration  of  small 
quantities  of  phosphorus  may  occur,  and  have  occurred,^  the 
effects  are  practically  the  same  as  when  the  poison  is  taken 
in  a  single  dose,  owing  to  the  slowness  of  its  absorption  in  any  case. 
The  only  difference  noted  is  that  the  patient  is  worse  after  each 
administration. 

By  chronic  phosphorus  poisoning,  or  lucifer  disease,  a  con- 
dition is  usually  understood  which  is  peculiar  to  the  operatives 
employed  in  the  manufacture  of  yellow  phosphorus  matches. 
Its  principal  manifestation  is  necrosis  of  one  or  both  maxillary 
hones.  Owing  to  improvements  in  processes  of  manufacture 
and  in  the  hygiene  of  the  operatives,  and  particularly  to  the 
more  extended  use  of  red  phosphorus  and  of  phosphorus  sesqui- 
sulfid,^  the  disease  is  of  much  less  frequent  occurrence  now  than 
formerly.* 

'  Brit.  M.  J.,  1909,  i.,  1179.  1895,  ii.,  67,  to  which  add:  Brouardel: 

'  In  Ph.  Jahresb.,   1869,  463,  an  Ann.   d'hyg.,   1889,   3  s.,  xxi.,  193. 

instance   is    referred    to    in    which  Caseneuve:     Ibid.,     289.     Pouchet: 

a  woman  repeatedly   administered  Ibid.,    168.     Schiller:    Hyg.    Rund- 

phosphorus  in   cakes   to   her   child  schau,  1892,  ii.,  860.    Biihrer:  Ibid., 

while  it  was  in  a  hospital  in  France,  1893,  iii.,372.   Kocher:  "Zur.Kenntn. 

as  well   as    a    similar    case    which  d.    Phosphornecrose,"     Biel,     1893. 

occurred   in    Germany.      In    Wass-  Jost:  Beitr.  z.  lil.  Chir.,  1894,  xii., 

muth's  case  (Vrtljschr.  f.  ger.  Med.,  181.    Knipers:    Diss.,    Jena,     1895. 

1903,    3   F.,  xxvi.,    12)   a    woman  Riedel:    Arch.    f.    kl.    Chir.,    1896, 

poisoned  her  unborn  child  in  utero  liii.,  505.     Stockman:  Brit.  Med.  J., 

by  small  repeated   doses   of   phos-  1899,  i.,  9.     Hahn:  Vrtljschr.  f.  ger. 

phorus  which  slie  took  during  three  Med.,  1899,  3   F.,  xvii.,  132.     Roth: 

■weeks.  Berl.  kl.  Wchnschr.,  1901,  xxxviii., 

'Seep.  633.  539,     561.     Hirsch:    Aerztl.     Sach- 

'For     bibliography      of      lucifer  verst.  Ztg.,  1901,  vii.,  169.     Oesterr. 

disease  see  "Index  Cat.  Surg.-Gen.  Sanitatsw.,    1902,    xiv,,    429,    441. 

Libr.,"  Wash.,   vii.,  222,  viii.,   680;  Mendes-Correa :    M6d.    mod.,    1906, 

Id.,  Second    Ser.,    xiii.,    263,    and  xiii.,  93.     Franke:  Vrtljschr.  f.  ger. 

Schuchardt  in  Penzoldt  and  Stint-  Med.,  1906,  3  F.,  xxxi.,  457;  xxxii., 

zmg:    "Handb.    d.    spec.    Thar.,"  143. 


METALLIC  POISONS.       . 
BARIUM  COMPOUNDS. 

Of  the  compounds  of  barium  the  chlorid,  nitrate,  and  acetate, 
which  are  soluble,  are  used  as  chemical  reagents;  the  sulfate, 
which  is  practically  insoluble  and  inert,  as  a  white  pigment 
(permanent  white) ;  the  nitrate  in  making  green  fire  and  Cassel 
yellow;  the  chlorate  in  dyeing;  the  chromate  as  a  yellow  pigment 
(yellow  ultramarine) ;  the  carbonate  as  a  rat-poison,  and  the  sul- 
fid  as  a  depilatory  (Bottcher's,  Thompson's).  The  carbonate 
(Witherite)  has  been  used  as  an  adulterant  of  other  white  pow- 
ders, either  intentionally  or  in  mistake  for  terra  alba  (ground 
gypsum).  About  1887  a  process  for  refining  sugar,  in  which 
barium  compounds  were  used  in  place  of  those  of  calcium,  was 
introduced,  but  soon  abandoned  on  account  of  its  danger.' 

Statistics  and  Duration. — Bary^  in  1888  collected  19  cases 
of  poisoning  by  barium  salts,  with  12  deaths.  Robert^  estimates 
the  number  of  reported  cases  to  1906  at  30.  We  have  seen 
the  reports  of  thirty  cases'*  with  20  deaths.  Of  these  14  were 
by  the  chlorid,^  10  by  the  carbonate,"  4  by  the  nitrate,'  and 
2  by  the  acetate.' 

'  Kobert;     "Lehrb.     d.     Intox.,"  Sonnenschein:    "  Ger.    Chem.,"    69, 

2te  Aufl.,ii.,  237.     Scheibler:  Chem.  D.     Stern:  Ztschr.  f.  Med.-Beamte, 

Ztg.,  1887,  xi.,  1463.    Saillard:  J.  d.  1896,     ix.,     381,     D.      Husemann: 

fabr.    de   Sucre,    1895,    xxxvi.,    20.  Ztschr.  f.   prakt.    Heilk.,    1866,  iii., 

Lippmann:  "Chem.  d.  Zuckerind.,"  232,  D.   Courtin:  Rev.  d'hyg.,  1882, 

1904,  ii.,  1324.  iv.,  653,  R.    Pharm.  J.,  1871-2,  3  s., 

2  Diss.,   Dorpat,    1888;   8   by  the  ii.,    1021,    D.     Ihid.:    1S72-3,    iii., 

chlorid,    one    recovery;    7    by    the  117,   D.   Rasp:    Pezeglad    lekarski, 

carbonate,    6   recoveries;    3   by  the  lS74,no.4, e.r  Bary,  Loc.(rt.,p.llO,D. 

nitrate,  and  one  by  the  acetate,  all  Ferguson:  Med.  Times,  1845,  508,  R. 
fatal.    His  No.  16  includes  four  cases,  "  Seidel:   Vrtljschr.   f.  ger.  Med., 

and  his  9  and  10  are  duplicate.  1877,  n.  F.,  xxvii.,  213,  D.    Wilson: 

'  hoc.  cit.  London  Med.  Gaz.,  1833-4,  ii.,  487, 

*  To  which  should  be  added  four  R.  Reincke:  Vrtljschr.  f.  ger.  Med., 
in  journals  inaccessible  to  me:  1878,  n.  F.,  xxviii.,  248,  four  cases, 
Tiraboschi:  RisvegHo  med.,  Pescara,  1  D.  Felletar:  Pest,  med.-chir. 
1906,  i.,  171.  Bellisari:  Ibid.,  1907,  Presse,  1892,  xxxiv.,  1073,  two  cases, 
ii.,  15.  Szaszy:  Gy6gyiiszat,  Buda-  both  R.  Parkes:  "Chem.  Essays," 
pest,  1907,  xlvii.,  96.  Lopes:  Med.  ii.,  219,  ex  Christison:  "Poisons,' 
contemp.,  Lisbon,  1886,  iv.,  109.  Am.  Ed.,  p.  450,  two  cases,  D. 

*  Walsh:  Lancet,  1859,  i.,  211,  'Tidy:  Med.  Press  and  Circ, 
death.  Wach:  Ztschr. f.Staatsarznk.  1868,  vi.,  447,  D.  Baum:  Ztschr. 
1835,  xxxi.,  D.  Ogier  and  Socquet:  f.  Med.-Beamte,  1896,  ix.,  759, 
Ann.  d'hyg.,  1891,  3  s.,  xxv.,  447,  two  cases,  D.  Eschricht:  Schmidt's 
D.     J.  Sc.  and  .Vrts,  London,  ISIS,  Jhrb.,  1881,  cxcii.,  131,  D. 

382,   D.     Mather:   Med.   Comment.,  « Chevallier:    Ann.    d'hyg.,    1873, 

1795,  xix.,  267,  R.  Wolf rWchnschr.  2  s.,  xxxix.,  395,  D.  Lagarde: 
f.    a.    gps.   Heilk.,   1850,   Xo.  37,  R.       Union  mM.,  1872,  3  s.,  xiv,,  537,  D. 

682 


BARIUM    COMPOUNDS.  OS,':) 

Of  these  cases  22  were  accidental,  taken  in  mistalve  for 
Epsom  or  other  salts,  medicinal,  in  dyers,  or  as  a  probable  adul- 
terant of  flour.'  Three  were  suicides,^  one  of  a  woman  who  at  the 
same  time  attempted  to  murder  her  lover  bj^  the  same  means. 
In  one  case  the  carbonate  was  taken  to  produce  abortion,^  and  in 
three  the  motive  was  not  stated.  The  longest  duration  was  28 
hours,*  and  the  shortest  one  hour,'^  the  average  of  13  cases  in 
which  the  period  is  stated  being  1 1  hours. 

Lethal  Dose. — Death  has  been  caused  in  adults  by  4  gm. 
(1  drachm)  of  the  chlorid  in  one  case,^  and  of  the  carbonate 
in  another.^  In  the  case  of  a  woman  severe  poisoning  resulted 
from  taking  0.15  gm.  (2^  gr.)  in  doses  of  j^  gr.  t.i.d.*  Adults 
have  recovered  after  having  taken  24  gm.  (370  gr.)  of  the 
chlorid,'  and  35  gm.  (540  gr.)  of  the  carbonate.'"  At  an  early 
date  Pivondi,"  in  the  treatment  of  hydrarthrosis  by  gradually 
increasing  doses,  reached  2  "gros"  (7.8  gm.),  and  Lisfranc'^ 
48  "grains"  (2.6  gm.)  daily,  with  only  occasional,  easily  con- 
trolled toxic  effects.  The  quantity  of  sulfates  in  usual  articles 
of  food  is  too  small  to  exert  any  appreciable  protective  effect. 

Method  of  Action. — The  compounds  of  barium  other  than 

the  oxid,  hydroxid  and  sulfid  have  no  local  corrosive  action  upon 

the  alimentary  canal,  unless  in  very  concentrated  solution,  when 

they  are  irritant.     When  absorbed  they  exert  a  marked  action 

upon  the  muscular  fibers  of  the  heart  and  vessels,  including  the 

pulmonary,  of  the  intestines,  and  of  the  voluntary  muscles.     As 

a  result  of  the  action  upon  the  vascular  musculature  there  is 

marked  and  persistent  contraction  of  the  vessels,  increase  of 

blood-pressure,  and  finally  arrest  of  the  heart  in  systole.'^     The 

gastro-mtestinal  disturbances  are  also  manifestations  of  action 

'  Reinoke's  four  cases.  Bohm:  Arch.  f.  exp,  P.  u.  P.,  1875, 

Wilson's,  Rasp's,  and  Felletar's  iii.,    216.     Husemann:   Ibid.,    1878, 

cases,  the  last  S  and  H.  ix.,  446.     Kobert:  Ibid.,  1887,  xxii., 

Seidelscase.  102.    Curci:  Ann.  dichim.  e  di  farm., 

Reincke's  fatal  case.  1887,  li.,  354.    Ringer:  J.  of  Physiol., 

J.Sc.  and  Arts,  Lond.,  1818,  382.  1887,  vii.,  291.    Pilliet  and  Malbec: 

Walsh:  Loc.  cit.  C.  r.  Soo.  de  bioL,   1892,  2  s.,  iv., 

Paikes:  Loc.  cit.  957.    Schedel:  "  Beitr.,"  etc.,  Stutt- 

..^ferguson:  Med.  Times,  London,  gart,  1903.    Brodie  and  Dixon:  J.  of 

''**5--6,  xni.,  508.   ,  Physiol.,  1904,  XXX.,  485.   Bary:  Loc. 

10  4  11     ■^'"^'  '^*'-  "'•  Hamburger:  Amer.  J.  of  Physiol., 

^elletar:  Loc.  cit.  1907-8,  xi.,  300.   Popielski:  Arch.  f. 

,,^az.  m^d.de Paris,  1834,  ii.,  239.  exp.  P.  u.  P.,  1908,  Supplbd.,  435. 

/W.,  1836,  iv.,  215.  Jmnusohke:  Ibid.,     1909,    Ixi.,    370. 

,,.  ^fke:Edinb.Med.J.,  1841,lvi.,  Poulsson:     Arch.   f.    exp.  P.    u.    P., 

ii4.    Miokwitz:Diss.,  Dorpat,  1874.  1910,  Ixii.,  365. 
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upon  the  muscular  fibers.  The  spasms,  convulsions,  and  paraly- 
ses frequently  observed  indicate  an  action,  probably  indirect, 
upon  the  central  nervous  system.*  The  conversion  of  absorbed 
soluble  barium  compounds  into  the  insoluble  sulfate  in  the 
blood  to  the  extent  of  the  sulfates  therein  contained,  and  the  con- 
sequent formation  of  infarcts,  is  a  priori  supposable,  and  sup- 
ported by  experimental  evidence."  But  it  has  been  shown  that 
finely  divided  barium  sulfate  injected  into  the  veins  disappears 
from  the  circulation,  while  barium  is  found  in  the  blood-free 
liver,  kidneys,  spleen,  and  bone-marrow,  but  not  in  the  muscles 
or  brain.' 

Symptoms  and  Elimination. — An  acrid,  disagreeable  taste  is 
experienced  at  the  time  of  swallowing.  Shortly  thereafter,  or 
within  half  an  hour,  there  is  severe  epigastric  pain,  nausea, 
and  copious  vomiting,  and  soon  persistent  purging.  The  skin 
is  pale  and  cold.  The  pulse  is  small,  irregular  and  intermittent. 
There  are  catarrhal  affections  of  the  nose  and  eyes,  attended 
with  dimness  of  vision,  and  singing  in  the  ears.  Among  the 
manifestations  on  the  part  of  the  muscular  and  nervous  systems 
are  stiffness  and  immobility  of  the  extremities,  and  sometimes  of 
the  trunk  as  well,  lasting  for  a  day  or  more,  cramps  in  the  legs, 
twitching  of  the  face,  paralysis  of  the  tongue  and  pharynx,  with 
attendant  loss  or  impairment  of  speech  and  of  the  power  of  deglu- 
tition, vertigo,  convulsions  and  general  paralysis.  There  is  in- 
creasing weakness,  and  collapse,  in  which  death  occurs,  some- 
times suddenly. 

Elimination  is  principally  in  the  fseces,  but  also  in  the  urine.* 

Treatment. — The  stomach  is  to  be  washed  out  with  a  solution 
of  sodium  or  magnesium  sulfate  (1:100)  until  the  washings  no 
longer  contain  the  white  pulverulent  barium  sulfate.  Pain  is  to 
be  controlled  by  anodynes,  the  tendency  to  collapse  by  warmth 
and  cardiac  stimulants,  and  spasms  by  chloral  hydrate  or  chloro- 
form. Kobert  advises  atropin  to  counteract  the  diminished 
pulse-frequency  and  colic. 

Post-mortem  Appearances. — The  salivary  glands  are  en- 
larged.    The  gastric  and  intestinal  mucous  membranes  are  red- 

»  Husemann:  Arch.  f.  exp.  P.  u.  P.,  '  Cyon:  Arch.  f.  Anat.  u.  Physiol, 

1878,  ix.,  446.  1866,'l96.     Neumann;  Pfliig.  Arch., 

^Onsum:      Virch.     Arch.,      1863,       18S.5,  xxxvi.,  576. 
xxviii.,  233.  MVilson:     Loc.     cit.      Neumann: 

Loc.  cit.     Baum:  Loc.  cit. 
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dened  and  congested.  The  stomach  was  found  perforated  near 
the  cardia,  probably  not  from  the  action  of  the  barium  chlorid 
taken,  in  Wach's  case/  and  the  small  intestine  was  gangrenous 
in  Eschricht's  case.'  The  rectal  mucous  membrane  was  gan- 
grenous in  Tidy's  case.'  The  heart  is  large  and  flabby,  with 
both  sides  filled  with  blood,  which  in  Tidy's  case'  was  dark  from 
the  action  of  potassium  chlorate,  and  the  lungs  are  very  much 
congested.  The  vessels  of  the  meninges  and  brain  are  some- 
times congested.  Onsum'  in  experiments  on  rabbits  found 
infarcts  in  the  lungs,  but  no  similar  appearances  have  been 
observed  in  human  autopsies. 

Analysis. — In  the  systematic  analysis  for  mineral  poisons 
barium  will  be  found  in  the  filtrate  IVb,  p.  196,  after  precipita- 
tion with  hydrogen  sulfid  and  ammonium  sulfid.  For  examina- 
tion for  barium  alone,  the  organic  matter  is  burnt,  the  ash  fused 
with  sodium  carbonate,  and  the  cooled  residue  extracted  with 
dilute  hydrochloric  acid.  In  either  solution  barium  is  recog- 
nized by  the  following  reactions:  1.  With  dilute  sulfuric  acid  a 
white  precipitate,  insoluble  in  nitric  or  hydrochloric  acid.  2. 
With  neutral  potassium  chromate  a  yellow  precipitate,  soluble 
in  the  above  acids.  3.  With  sodium  phosphate  a  white  precipi- 
tate, soluble  in  nitric  acid.  4.  With  sodium  carbonate  a  white 
precipitate  when  alkalinity  is  reached.  5.  The  Bunsen  flame  is 
colored  greenish-yellow,  and  gives  a  spectrum  of  several  lines, 
the  most  prominent  of  which  are:     A.=6108,  6044,  5881,  5536. 

In  experiments  on  aminals  Linossier^  found  barium  in  the  ' 
greatest  amount  in  the  bones,  in  less  quantity  in  the  liver, 
kidneys,  brain,  and  cord,  and  in  traces  only  in  the  lungs,  muscles, 
and  heart.  Neumann^  and  Schedel*  also  found  the  greatest  pro- 
portion in  the  bones.  Baum'  in  one  case,  fatal  in  five  hours, 
found  0.1293  gm.  in  the  stomach  and  contents,  0.0313  in  parts 
of  the  liver,  spleen,  and  kidneys,  and  0 .  005  in  the  urine,  while 
in  another  case,  in  which  life  continued  for  13  hours,  no  barium 
was  found  in  the  viscera.  He  attributes  the  difference  in  the 
results  to  the  longer  duration  of  life  and  the  copious  vomiting 
and  purgation  in  the  second  case. 

\^o<^-  A  '  "  Beitr.   z.   Kennt.   d.   Wirk.   d. 

C.  r.  Soc.  de  biol.,  1887,  iv.,  122.      BaCl^,"  Stuttgart,  1903. 
^oc.  cit.  ^Loc.  cit. 
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BISMUTH. 

Bismuth  is  administered  internally  in  three  forms  of  combi- 
nation: the  citrate,  BiCgHjOj,  a  white,  amorphous,  odorless,  and 
tasteless  powder,  insoluble  in  water,  but  soluble  in  ammonium  hy- 
droxid;  the  subcarbonate,  or  bismuthyl  carbonate,  (BiO)2CO3,H20; 
and  the  subnitrate,  or  bismuthyl  nitrate,  (BiO)N03,H20;  both 
white,  amorphous,  odorless,  and  tasteless  powders,  insoluble  in 
water  and  alcohol,  soluble  in  warm,  concentrated  nitric  acid,  the 
solution  again  depositing  the  subnitrate  on  dilution  with  water. 
The  subnitrate  is  also  known  as  magistery  of  bismuth,  and  is  used 
as  a  cosmetic  under  the  name  pearl  white.  The  subgallaie,  under 
the  name  dermatol,  and  the  oxyiodogallate,  under  the  name  airol, 
are  used  externally  as  antiseptic  powders  in  the  dressing  of  burns 
and  surgical  wounds. 

Although  Wilke^  has  reported  a  case  in  which  symptoms 
similar  to  those  of  grippe  were  produced  in  a  woman  of  50  years 
by  7  gm.  of  bismuth  subnitrate  taken  during  a  week,  and  Prior^ 
observed  a  mild  case  of  bismuth  poisoning  in  a  child  of  2^  weeks, 
it  is  very  questionable  whether  the  older  preparations  of  bismuth, 
when  pure,  are  possessed  of  any  more  active  toxic  power  attrib- 
utable to  their  metallic  ion  when  taken  by  the  mouth  by  adults, 
as  they  are  only  absorbed  to  a  very  slight  extent,^  and  pass  out 
with  the  fseces  unchanged  or  converted  into  the  black  or  dark- 
brown  bismuth  sulfid,  which  is  frequently  found  as  a  heavy 
powder  in  the  dejecta.  .  Possibly  dermatol  or  airol  may  be  more 
readily  absorbed  when  taken  internally,  and  Aemmer*  and 
Dressmann^  warn  against  their  use  in  this  manner.  It  has  been 
shown  by  Gerard"  that  bismuth  subnitrate  is  somewhat  more 
soluble  (to  0. 071  gm.  per  liter)  in  the  stomach  contents  of  dyspep- 

1  Ztschr.    f.    Med.-Beamte,    1908,  and  0.0569  gm.  (0.08  and  0.9  gr.) 

xxi.,  268.     See  also:  Cohn:  Therap.  of  subnitrate,   respectively.     Lewin 

Mntsh.,    1896,   X.,  466;    Dubreuilh:  ("  Xebenw.  d.  Arzneim.,"  2te  Aufl., 

Bull.  g^n.  de  therap.,  1897,  cxxxiv.,  1893,    p.    747)     states    that    death 

229.  has     been    caused    by    swallowing 

^  Milnoh.   med.   Wohnschr.,   1907,  7 .  .5     gm.     of     bismuth    subnitrate, 

liv.,  1934.  but     gives     neither    reference    nor 

'  In  two  cadavers  which  contained  particulars, 
notable    quantities    of    arsenic    we  *  Corr.-Bl.     f.     Schweiz.    Aerzte, 

found     10.6019     and    3.6282    gm.  1S97,  xxvii.,  436. 
(163.6  and  55.99   gr.)  of   bismuth  =Berl.  "kl.     Wehnschr.,    1901, 

subnitrate  in  the  intestines,    while  xxxviii.,  924. 

the  livers  yielded  quantities  of  bis-  "  C.  r.  Soc.  de  biol.,  1897,  10  s., 

muth  corresponding  to  only  0.0052  iv.,  369,  457. 
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tics,  containing  butyric  and  lactic  acids  and  no  hydrochloric  acid, 
than  in  the  normal  gastric  secretion,  and  he  warns  of  the  possi- 
bility of  toxic  effects  under  these  conditions. 

Bismuth  subnitrate  has  also  caused  poisoning  from  its  nega- 
tive ion,  by  reduction  to  nitrite,^  when  it  has  been  introduced 
into  the  alimentary  canal  for  radioscopic  examination.  This 
was  first  recognised  in  the  fatal  poisoning  of  two  infants  reported 
by  Boehme.^  Both  soon  became  cyanosed,  collapsed,  and  died, 
after  having  exhibited  the  symptoms  of  methsemoglobinsemia. 
Bismuth  was  found  in  the  blood  and  liver  of  one  only,  in  the 
other  methaemoglobin  in  the  blood.  The  author,  investigating 
whether  the  nitrate  might  not  be  reduced  to  nitrite,  a  methaemo- 
globin-producing  poison,  found  that  nitrite  is  produced  by  the 
action  of  infant  faeces  upon  bismuth  subnitrate,  but  not  by 
adult  faeces.  A  similar  and  also  fatal  case  in  a  girl  of  3  weeks 
had  been  reported  the  previous  year  by  Bennecke  and  Hoffman,' 
and  subsequently  several  poisonings  of  like  character,  with  a 
total  mortality  of  6  deaths  have  occurred.^  Lewin,^  quite  dog- 
matically denies  all  nitrite  action;  but  in  his  consideration  of  the 
question,  he  looks  upon  the  metallic  action  of  the  bismuth  salts 
referred  to  below  only,  to  the  exclusion  of  the  deep  cyanosis 
observed  in  these  nitrite  cases,  and  the  presence  of  methaemo- 
globin which  has  been  recognized  in  some  of  them. 

Maxson^  reported  two  cases  of  mixed  type  after  internal 
administration  of  Squibb's  subnitrate  in  which  there  were  both 
bismuth  and  nitrite  manifestations. 

Those  cases  of  alleged  poisoning  which  have  been  reported  by 
Pott,'  Odier,*  Guersent,"  Kerner,'"  Wernek,"  and  TrailP^  were 

'  «ee  p.  307.  Zabel:  Deut.  med.  Wohnschr.,  1909, 

''Arch.   f.    exp.   P.    u.    P.,    1907,  xxxv.,    200,   three    cases.     Devic: 

Ivii.,  441.  Lyon  m6d.,  1909,  cxiii.,  520. 

■    '  Munch,  med.   Wohnschr.,   1906,  ^  Munch,  med.   Wchnschr.,    1909, 

l"i-,  945.  Ivi.,  643. 

/Sailer: Univ. Pa. M.  Bull.,  1906-7,  "  Ann.  Gyn.  and  Pediatr.,  1S96-7, 

xix.,    131,    four    cases.     Pancoast:  x.,  624. 

Ibid.,    p.    137,    two    oases.    Meyer:  '  Wibmer:  "Wirkung  der  Gifte," 

Therap.    Mntsh.,    1908,    xxii.,  388,  i.,  416. 

three  cases,  one  death.     Nowak  and  «  J.  d.  med.,  Paris,   1768,  Ixviii., 

ijutig:   Berl.   kl.   Wohnschr.,    1908,  49. 

xlv.,  1764, death.   Barabasohi:  Gazz.  «  Orfila:   "Tox.   g^n.,"   S^me  ed., 

a-  osp.,    1908,    xxix.,    1169,  death.  i.,  599. 

Kiaer:  Hosp.  Tid.  Kjobenh.,   1908,  '»  Heidelb.  kl.  Ann.,  1829,  v.,  348. 

oH-,1-,  1161.   Bensaude  and  Ayasse-  "  Med.-cliir.  Ztg.,  1831,  Ixx.,  312. 

i-atont:  Bull,  et  m^m.  Soo.  med.  d.  "  "Outlines    Med.    Jur.,"   Phila., 

nop.  de  Paris,  1909,  3  s.,  xxvii.,  96.  1841,  p.  130. 

l^esieur  and  Rome:    Ibid.,    p.   440. 
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caused,  not  by  the  bismuth,  but  by  an  impurity  which  it  contained. 
We  have  already  seen  (see  page  427)  that  the  medicinal  bismuth 
compounds  frequently  contain  arsenic.  But  this  is  not  the  only 
contamination  to  which  they  are  subject.  Reisert*  and  Braith- 
waite^  have  shown  that  they  also  contain  tellurium.  The  latter 
found  0 .  076  per  cent,  in  the  subnitrate  and  0 .  05  per  cent,  in  the 
subcarbonate.  It  was  also  shown  that  the  pecuhar  garhc-like 
odor  observed  in  the  breath,  the  so-called  bismuth  breath,  is  due  to 
this  impurity.  According  to  Reisert  an  extremely  small  quan- 
tity of  tellurium  is  capable  of  causing  this  odor,  the  occurrence 
of  which  is  suggested  as  a  physiological  test  for  that  element. 
Bismuth  subnitrate  has  also  been  found  to  be  contaminated 
with  antimony  and  with  lead. 

Bismuth  compounds  are  more  readily  absorbed  by  abraded 
surfaces  than  by  the  gastro-enteric  mucous  membrane,  and  since 
the  introduction  of  their  use  as  surgical  antiseptics  and  in  the 
treatment  of  burns  at  least  four  deaths,  and  several  non-fatal 
poisonings  have  been  reported.^  In  such  cases  there  is  pain  in 
the  lips,  gums,  teeth,  mouth,  and  pharynx,  accompanied  by  swell- 
ing, by  blue  or  black  discoloration,  either  limited  to  the  gums  or 
extending  to  the  entire  buccal  cavity,  by  small  ulcerations,  by 
a  disagreeable  metallic  taste,  and  an  extreme  fetor  of  the  breath. 
In  severe  cases  the  salivary  glands  enlarge,  there  is  diarrhoea, 
and  nephritis  develops.  The  urine  is  dark  in  color  and  deposits 
a  white  sediment,  and  later  contains  albumin  and  casts.  In 
Aemmer's  case  it  contained  no  bismuth  on  the  fifth  day,  pre- 
sumably owing  to  the  rapidity  of  its  elimination,  which  is  said 


'  Am.  J.  Pharm.,   1884,  Ivi.,   177.  Aemmer:  Loc.  cit.     Tocheport:  Gaz. 

=  Amer.  Druggist,  1884,  xiii.,cSS.  hebd.   de   med.,  1S97,  n.  s,.,  ii.,  43. 

'  Kocherr  Volkmann's  Samml.  kl.  Seifert:  Ther.  Mntsh.,  1898,  xii.,  523. 

Vortr.,     1882,    No.    224,    p.     1921.  Stoekel:  Gyn.  CtbL,  1900,  xxiv.,  593. 

Peterson:    Deut.    med.    Wchnschr.,  Muhlig:    Munch,    med.    Wchnschr., 

1883,  ix.,  365.    Dalchg:  Ann.  d'hyg.,  1901,  xlviii.,  593.     Dreesmann:  Loc. 

1886,  3  s.,  xvi.,    358.     Dalch6   and  cit.  Mahne:  Munch,  med.  Wchnschr., 

Villejean:  Arch.  gen.  de  m^d.,  1887,  1905,  lii.,  193,  death.    Prior:  Munch, 

cxl,,    129.       Weismuller:    Berl.    kl.  med.   Wchnschr  ,    1907,   liv.,    1934. 

Wchnschr.,      1891,      xxviii.,     1201.  Don:   Brit.   M.    J.,    1908,   ii.,    1604. 

Glaeser:    Ihid.,    1892,    xxix.,    1024.  Vidakovitch:   Pest,    med.-chir.  Pr., 

Lewin:  "  Nebenwirk.  d.  Arzneim.,"  1908,  xliv.,  1217.   Eggenberger:Cblt. 

2te    Aufl.,    1893,    p.    747.     Wilson:  f.  Chir.,    1908,   xxxv.,    1309,   1537, 

New   York   M.    J.,    1894,    lix.,    87.  death.    Beck:  J.  Am.  M.  Ass.,  1909, 

Gaucher  and   Balli:   Bull,   et  m6m.  lii.,  14,  death.    David  and  Kauffman: 

Soc.   m6d.   d.   hop.   de  Paris,    1895,  /bid.,  p.  1035.    Beck  (Roberts) :  New 

3  s.,  xii.,  781,  four  cases,  one  death.  York  M.  J.,  1909,  xxxix.,  16. 
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to  be  complete  in  10  to  15  hours.'  The  deep  cyanosis  of  nitrite 
poisoning  is  conspicuous  by  its  absence. 

Bismuth  compounds  are  of  forensic  interest  only  in  connec- 
tion with  arsenical  poisoning.  Being  remedies  customarily  used 
to  control  gastric  disturbance,  they  are  frequently  administered 
to  patients  suffering  from  arsenical  poisoning  when  the  cause  of 
the  illness  is  not  recognized.  When  thus  given  in  cases  not 
rapidly  fatal  notable  quantities  may  remain  in  the  intestinal 
canal,  and,  by  superficial  conversion  into  sulfid,  appear  as  a 
crystalline  or  amorphous,  dark  green  or  black  deposit  attached 
to  the  walls  of  the  stomach  and  intestine.  We  have  found  as 
much  as  10.6019  gm.  (163.6  gr.)  of  bismuth  subnitrate  in  the 
intestines  and  their  contents.  The  questions  dependent  upon 
the  presence  of  arsenic  in  bismuth  compounds  have  already  been 
discussed  (see  page  427) . 

Analytically  the  separation  and  quantitative  determination 
of  bismuth  present  no  difficulties.  In  the  systematic  process 
bismuth  sulfid  remains  in  the  residue  insoluble  in  ammonium 
sulfid  (see  page  195),  possibly  along  with  mercury,  lead,  cad- 
mium, and  copper  if  these  be  present.  The  sulfids  are  extracted 
with  warm  nitric  acid,  which  dissolves  all  except  mercuric  sul- 
fid and  some  separated  sulfur;  the  solution  is  filtered,  the 
greater  part  of  the  acid  is  neutralized  with  ammonium  hydroxid; 
ammonium  chlorid  is  added  in  sufficient  amount,  and  then  con- 
siderable water.  After  standing  several  hours  a  portion  of  the 
clear  Hquid  is  further  diluted,  and,  if  necessary,  water  is  added 
until  a  further  addition  causes  no  cloudiness.  The  precipitated 
bismuthyl  chlorid  is  collected  on  a  filter,  washed  with  cold  water, 
dried,  and  fused  in  a  weighed  porcelain  crucible  with  five  times 
its  weight  of  potassium  cyanid.  The  cooled  melt  is  rapidly 
extracted  and  washed  with  water  by  decantation  in  the  cruci- 
ble, then  with  aqueous  alcohol  and  finally  with  strong  alcohol, 
and  dried.  The  crucible  with  the  metallic  globules  of  bismuth 
is  then  weighed.  Or  the  bismuth  may  be  precipitated  by  am- 
monium carbonate,  washed,  dried,  ignited,  and  reduced  by 
potassium  cyanid  in  fusion. 

'  Bohme;    Loc.    cit.     Meyer    and  tinal  lesions  caused  by  bismuth  see: 

^*einfeld:   Arch.   f.   exp.   P.    u.   P.,  Langhans:    Deut.    Ztschr.    f.    Chir., 

1886,  XX.,  40.    For  renal  and  intes-  1885,  xvii.,  575. 
IV.-44 
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CHLORATES. 

Potassium  chlorate — KOIO3 — 122.28 — Potassii  Moms,  U. 
S.  P.,  a  white,  crystalline  salt,  soluble  in  16.5  parts  of  cold 
water  and  in  2  parts  of  boiling  water,  only  sparingly  soluble  in 
alcohol — and  sodium  chlorate — NaClOg — 106.25 — Sodii  Moras, 
U.  S.  P.,  soluble  in  1 . 1  parts  of  cold  water,  in  0 . 5  part  of  boiling 
water,  and  in  40  parts  of  alcohol,  are  the  only  chlorates  of  toxi- 
cological  interest. 

Of  these  the  latter  has  been  only  exceptionally  used  in  medi- 
cine, and  has,  so  far  as  we  can  find,  caused  but  one  poisoning: 
the  death  of  a  man  of  30  years  on  the  fourth  day  after  having 
taken  39  gm.  (5x.)  in  6  hours,  in  place  of  in  6  days  as  directed.' 

Poisonings  by  the  potassium  salt  are  of  much  more  frequent 
occurrence,  because  of  its  more  general  use  as  a  medicine.  We 
find  record  in  medical  literature  of  143  cases, ^  of  which  116  termi- 
nated in  death.  Almost  all  of  these  were  accidental,  caused 
either  (in  15  cases)  by  the  chlorate  having  been  taken  in  mistake 
for  some  other  medicine,  or,  in  the  great  majority  of  cases,  by  its 
having  been  administered  in  overdose,  or  swallowed  by  the  pa- 
tient when  prescribed  as  a  gargle.  Of  the  fatal  "  overdose"  cases 
four  were  the  subject  of  judicial  investigation,  having  been  caused 
1)}'  administration  to  children  of  a  remedy  for  sore  throat,  dis- 
pensed from  a  convent;*  and  one  was  in  the  person  of  a  physician 
who  died  from  the  effects  of  31  gm.  (5i-)j  which  he  took  to 
testify  to  his  l^elief  in  the  harmlessness  of  the  drug.^ 

We  find  mention  of  15  suicides  or  supposed  suicides  by  this 
agent;"  and  of  these  2  were  quite  as  probably  accidental  as 
suicidal. 

'  Jacobi:  Med.  Rec,  X.  Y.,  1879,  tilew:    Med.    Obozr.,    Mosk.,    1886, 

XV.,  243.  XXV.,  759  (two  cases).  Brandenburg: 

^  Not  including  twelve  in  journals  Berl.    kl.    Wchnschr.,    1895,  xxxii., 

inaccessible  to  us.  583.    Jacob:  /bid.,  1897, xxxiv.,  580. 

'  Aff.   de  la   Sup^rieure  d.   Saint-  Id.,  Ibid.,  1S98,  xxxv.,  519.    Wojze- 

Saturnin-du-Port-d'Envaux.     Brou-  chowski:     .\erztl.   Schverst.    Ztg., 

ardel     and     I'Hote:     .Vnn.     d'hyg.,  1901,    vii.,    102.    Pal:    Wien.  med. 

1881,  3  s.,  vi.,  232.  Wchnschr.,   1902,  Hi.,  846.     Weich- 

'Case    of    Dr.    Fountain.     >Still6:  selbaum:    Mitth.    d.   Gesell.  f.  inn. 

;;Therap.  and  Mat.   Med.,"   2d  ed.,  Med.  u.  Kindhk.,  1908,  vii.,  30  (two 

"•>  776.  cases).   Mendelsohn :Therap.Mntsh., 

=  Marchand:  Arch,  f,  path.  .\nat.,  1888,   ii.,   45.     Strecker:    Ztschr.  f. 

etc.,  1879,  Ixxvii.,  455,  488.     Mever:  Med.-Beamte,    1892,    v.,   213   (this 

Diss.     Berlin,    1S!)3,    p.    16.     Schu-  man  left  a  statement  that  his  wife 

chardt:  Deut.  med.  Wchnsch.,  18S,s,  had   suicided   in  like   manner  four 

xiv       S3.)       Otto:     St.    Pet.     med.  months  previously). 
Wchnschr.,   1SS2,   vii.,    23,"..       Ko.^- 
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Of  chlorate  poisoning  having  a  homicidal  element  we  find 
but  three  instances:  One  was  that  of  a  child  of  1^  years  which 
seems  to  have  been  intentionally  destroyed  by  its  mother;'  an- 
other was  the  supposed  poisoning  of  an  illegitimate  child  of  2^ 
years  by  its  mother;^  and  the  third  was  the  case  of  a  girl  who 
died  from  the  effects  of  potassium  chlorate.  A  priest  was  con- 
victed of  attempted  abortion  in  having  administered  the  chlor- 
ate to  her  for  that  purpose.*  Two  other  cases  of  attempted 
abortion  are  reported  by  Winogradow.'*  In  these  three  cases 
abortion  did  not  result,  although  the  women  died.  Maschka 
has  reported  the  case  of  an  illegitimate  child  supposed  to  have 
been  poisoned  by  its  mother,  in  which,  however,  neither  the  cause 
of  death,  nor  the  probability  of  administration  by  the  mother  is 
established.' 

The  minimum  lethal  dose  of  the  potassium  salt  may  be 
approximately  stated  as  12  gm.  (35)  for  an  adult,  5  gm.  (Ii5) 
for  a  child,  and  1  gm.  (15  gr.)  for  an  infant. 

With  adults  smaller  doses  appear  to  be  capable  of  causing 
death  when  divided  than  when  taken  at  one  time.  The  smallest 
single  dose  which  has  caused  the  death  of  an  adult  was  14  gm. 
(216  gr.)  taken  by  a  man  of  24  years,  who  died  in  four  days."  In 
divided  doses  11.75  gm.  (180  gr.),  taken  during  3  days,  caused 
the  death  of  a  man  of  31  years. ^  Two  hundred  grains  (13  gm.), 
taken  during  two  days,  caused  the  death  of  a  girl  of  11  years  on 
the  sixth  day.^  Twenty  grams  (308  gr.),  given  to  a  man  of  64 
years  in  small  doses  during  3  days  after  a  lithotripsy,  produced 
the  symptoms  of  chlorate  poisoning,  and  he  died  in  four  days." 
In  two  instances  young  men  of  15J  and  19  years,  respectively, 
died  from  the  effects  of  25  gm.  (386  gr.)  taken  in  divided  doses, 
the  former  in  5  days,  the  latter  in  8  hours.'"     We  find  record  of 

'  Pharm.  Ztg.,  1881,  xxvi.,  229.  '  Zillner:  Wien.  med.  Wchnschr., 

'Seydel:    Vrtljschr.   f.   ger.  Med.,  1882,  xxxii.,  1331. 

etc.,  1885,  n.  F.,  xliii.,  273.  'McShane:   J.   Am.  Med.  Assoc, 

'Affaire  T ,    Chapelle    de   la  1894,  xxiii.,  860. 

lour.    Lacassagne:    Arch.    d.   I'An-  '  Billroth:     Wien.     med.     Wchn- 

throp.  crim.,   1887,   ii.,   359;   Hou-  schr.,  1880,  xxx.,  1192. 

gounenq:  "Poisons,"  Paris,  1891.  p.  "  Satlow:    Jahrb.    f.   Kinderhlk., 

™;-,.    ,  1881-82,     xvii.,     311.      Laaser,     in 

Virch.  Arch.,  1907,  cxc,  99.  Kruckel:  "Ueb.  d.  Tox.  u.  Therap. 

..frag.    med.    Wchnschr.,     1893,  Wirk.  d.  Kal.  Chlor.,"  Diss.,  Kiel, 

'^Tk'.223,  1891,  p.  12. 
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no  less  than  21  cases  in  which  adults  have  been  killed  by  doses 
of  about  30  gm.  (Ig). 

An  infant  of  3  weeks  died  in  3  days  from  the  effects  of  about 
1  gm.  (15  gr.)  of  powdered  chlorate  dusted  into  its  mouth.' 
A  child  of  less  than  a  year  died  in  24  hours  from  the  effects  of 
3.9  gm.  (15)-^  Another  child  "several  years  old"  died  from 
swallowing  a  gargle  containing  4  to  5  gm.  (62  to  77  gr.).' 
Still   another  child  (3  years)  died  in  9  days  from  swallowing 

30  three-grain  chlorate  lozenges,  of  which  12  were  expelled  by 
vomiting  within  a  quarter  of  an  hour,  the  amount  remaining 
being  about  20  gr.  (1 .3  gm.).^  Jacobi,  who  was  the  first  to  call 
attention  to  the  dangerous  character  of  the  chlorate,  refers  to  a 
number  of  fatal  poisonings  by  small  doses,  several  previously 
unrecognized  as  such.^ 

The  largest  quantity  which  has  been  known  to  have  been 
taken  without  causing  death  was  46.7  gm.  (719  gr.),  taken  by 
a  man  of  25  years  during  13  hours.  He  was  discharged  after 
an  illness  of  13  days."  A  child  of  7  years  received  about  25 
gm.  (386  gr.)  in  solution,  and  suffered  the  usual  symptoms, 
but  recovered  slowly.'  Rabow*  reports  the  case  of  a  woman 
who  took  20  gm.  (308  gr.)  in  mistake  for  Carlsbad  salts  and  in 
whom  not  the  slightest  reaction  was  observed !  As  only  twelve 
cases  of  non-fatal  poisoning  in  which  the  amount  of  the  dose 
taken  is  given  have  been  reported,  it  is  quite  possible  that  not- 
ably larger  quantities  than  those  stated  may  be  recovered  from. 

The  average  duration  of  90  fatal  cases  in  which  it  is  stated  was 
4  days  and  9  hours.  The  shortest  duration  was  in  the  case  of  a 
child  of  three  weeks  who  died  in  2J  hours.  The  dose  taken  is 
not  stated,  but  91  mgm.  were  found  in  the  alimentary  canal  and 

31  mgm.  in  the  heart  and  blood.*     A  man  of  30  years  died  in  6 

'  Goldschmidt:     Breslau.     aerztl.  4  s.,  i.,  and  Lacombe:  Ibid.,  1856, 

Ztschr.,    1883,    v.,    6.  4  s.,  ii.,   197)  was  published  before 

''Hall:   Med.   Rec.,    N.   Y.,    1878,  that    date.     Koppel    ("Vergift.   d. 

xiv.,  396.  Blutgifte,"     Diss.,     Dorpat,    1891) 

'  Laaser:  Loc.  cit.  gives    a    bibliography    of    sixty-six 

*Abrams:  Occid.  M.  Times,  1892,  cases,  1880-1889. 
VI.,  23.  6  Gesenius:    Deut.    raed.    Wchn- 

=  Tr.   M.   Soc,   N.   Y.,    1879,   xv.,  schr.,  1882,  viii.,  512. 
241,   and    "Treat,    on   Diphtheria,"  '  Baginsky:  Loc.  «J.  (Case  II.). 

N.  Y.,  1880,  p.  162.     Jacobi's  first  » Deut.    med.    Wchnschr.,    1886, 

publication  was  in  1860  (Amer.  M.  xii.,  199. 

Times).     Of   the   eiglity-nine   cases  '  Lesser:  Vrtlj schr.   f.  ger.  Med., 

above  referred  to  only  one  (Cheval-  1898,  3  F.,  xv.,  284. 
lier:  J.   de  chim.   m(5d.,   etc.,   1855, 
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hours  from  the  effects  of  75  gm.  (19^5).'  A  woman  of  27  years 
died  in  7  hours  after  having  swallowed  10  to  15  gm.^  A  child 
of  2i  years  died  in  7  hours ;'  a  man  of  67  years  in  7i  hours  ;*  a  young 
man  of  19  years  in  8  hours j*^  a  boy  of  3 J  years  in  8-J  hours;"  a 
child  of  2f  years  in  9  hours;'  a  man  in  10  hours ;^  another  man 
in  11  hours;'  and  a  boy  of  2-1-  years  in  12  hours;'"  In  three  cases 
the  duration  is  stated  as  "  a  few  hours."'' 

With  the  exception  of  three  cases  to  be  referred  to  below,  the 
longest  duration  was  in  Schallmayer's  case:'^  A  young  man 
swallowed  the  crystals  three  or  four  times  daily  for  5  days,  on  the 
seventh  day  after  the  first  dose  he  was  admitted  to  the  hos- 
pital, where  he  died  12  days  later.  Two  cases  of  12  clays'  dura- 
tion are  also  recorded,  one  by  Marchand,  in  a  boy  of  3  years;'' 
the  other  by  Wegschneider,  in  a  man  of  25  years.'*  Three 
quasi-chronic  cases  of  longer  duration  have  occurred:  A  child 
of  1|  years  was  treated  for  diphtheria  by  chlorate  gargles  for  22 
days;  the  disease  disappeared,  but  the  child  died  from  chlorate 
poisoning.""  A  girl  of  9  years  was  allowed  to  chew  crystals  of 
the  chlorate  and  died  in  1  month  in  consequence.'"  A  man  had 
been  in  the  habit  of  taking  chlorate  troches  for  chronic  throat 
trouble  for  2  years;  he  was  taken  with  symptoms  of  chlorate 
poisoning  and  died  in  4  days." 

Although  in  rapidly  fatal  cases  the  dose  is  usually  large, 
the  duration  of  the  poisoning  is  not  proportionate  to  the  mag- 
nitude of  the  dose.  Of  two  suicides,  both  men,  one,  taking  30  gm., 
died  in  10  hours,  the  other,  taking  100  gm.,  died  in  36  hours." 
A  woman  of  27  who  took  10  to  15  gm.  died  in  7  hours,'" "while 
another  woman  of  28  who  took  40  gm.  survived  for  7  days.^° 

'Neuss:   Deut.   med.  Wchnschr.,  Riess:     Berl.   kl.    Wchnschr.,    1882, 

1884,  X.,  57.  xix.,  785. 

'Schwabe:     Aerztl.    Sachverst.  '^  Djgg^^ -vvurzburg,  1889. 

Ztg.,  1901,  vii.,  289.  '=  Arch.  f.  path.  Anat.,  etc.,  1879, 

'Kennedy:    Am.    Jour.    Pharm.,  Ixxvii.,  455  (Case  III.). 

1878, 1.,  113.  14  Deut.  med.  Wchnschr.,  1880,  vi., 

*Manouvriez:  Ann.  d'hyg.,  1880,  53.3. 

3  s.,  ui.,  543.  15  Baginsky:  Arch.  f.  Kinderhlk., 

'  Laaser:  Loc.  cit.  1880,  i.,  100. 

"Brouardel  and  I'Hote:  Loc.  cit.  i°  Jones:  Med.  Rec,  N.  Y.,  1885, 

,„„Rodenstem:  Am.  Jour.  Obstet.,  xxviii.,  513. 

1882,  XV.,  suppl.,  15.  I'Peabody:    Med.    Rec,    N.   Y., 

,f°n-  d'hyg.,  1908,  4  s.,  ix.,  182.  1888,  xxxiv.,  57  (Case  11.). 

Maschka:    Wien.    med.    Wchn-  i«  Ann.  d'hyg.,  1908,  4  s.,  ix.,  182. 

^""J-.  1886,  xxxvi.,  534.  i»  Schwabe:  Aerztl.  Saohvers.  Ztg., 

,,  ™ouardel  and  I'Hote:  Loc.  cit.  1901,  vii.,  289. 

iharm.     Ztg.,  1881,  xxvi.,  229.  2°  Brandenburg:    Berl.  kl.  Wchn- 

meyer:  Diss.,   Berlin,    1893,   p.   16.  schr.,  1895,  xxxii.,  583. 
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The  symptoms  of  chlorate  poisoniiig  are  both  local  and 
general.  The  local  action  of  the  poison  is  that  of  a  gastro- 
intestinal irritant,  producing  severe  vomiting,  copious  diar- 
rhoea, and  epigastric  and  abdominal  pain.  These  are  most  pro- 
nounced in  those  cases  in  which  large  doses  are  taken  and  in 
which  the  course  of  the  poisoning  is  most  rapid. 

In  Maschka's  case'  of  death  in  11  hours, besides  pain  and  vomiting, 
the  patient  complained  only  of  weakness  and  great  thirst.  He  went 
to  sleep,  when  the  heavy  breathing  and  tracheal  riles  caused  his  wife 
to  awaken  him.  After  a  few  inarticulate  words  he  had  severe  tonic 
convulsions  of  the  upper  extremities;  and  a  physician  who  was  sum- 
moned found  the  patient  unconscious,  perspiring  profusely,  and  having 
severe  spasms.  He  died  shortly  after  having  been  transferred  to  the 
hospital. 

But  pain  may  be  absent  even  in  comparatively  rapidly  fatal 
cases,  in  which  the  cardiac  action  is  well  marked: 

A  woman  of  70  years  took  about  .30  gm.  (5i.)  of  chlorate  dissolved 
in  water  in  mistake  for  Epsom  salt.  There  were  no  sj-mptoms  for  an 
hour,  when  the  mistake  was  discovered  and  an  emetic  was  given. 
Two  hours  later  there  was  still  neither  pain  nor  distress.  Four  hours 
later,  while  defecating,  she  fainted,  became  collapsed,  with  blue  lips,  ashen 
face,  purple  tongue;  temperature,  100°  F.;  pulse  100,  weak;  there  was 
profuse  emesis  of  mucus,  but  no  blood.  She  died  in  collapse  15  hours 
after  having  taking  the  poison,  without  at  any  time  having  had  sup- 
pression of  urine,  dyspnoea,  or  pain.^ 

The  most  marked  action  of  the  poison,  however,  is  upon  the 
blood  corpuscles.  Indeed,  it  is  the  type  of  the  methsemoglobin- 
produCing  toxics,  and  the  most  prominent  symptoms  which  it 
produces  are  due  to  its  haemolytic  action  upon  the  erythrocytes 
and  its  oxidizing  action  upon  the  blood  pigment,  or  rather 
to  the  consequence  of  these  effects  manifested  in  the  respiration 
and  cardiac  action,  and  in  changes  in  the  liver,  spleen,  nerve 
centers,  and  notably  in  the  kidneys.  According  to  Winogradow' 
the  formation  of  methaemoglobin  does  not  begin  at  once,  and  it 
is  usually  not  detectable  in  the  blood  or  urine  until  the  second 
or  third  day,  when  ui-£emic  symptoms  also  appear.  But  methse- 
moglobin  has  been  detected  spectroscopically  in  the  blood  at 
autopsies  in  cases  fatal  in  10^  and  G'^  hours,  and  well-marked 

'  Loc.  cit.  t  Ann.  d'hyg.,  1908,  4  s.,  ix.,  182. 

'Anderson:    Med.    Rec,    N.  Y.,          =  Schwabe:  Aerztl.  Sachvers.  Ztg., 

1889,  XXVI.,  707.  1901,    vii.,   289.     See    also    Neuss: 

'  Virch.  Arch.,  1907,  cxc,  92.  Deiit.  med.  Wchnschr.,  1884,  x.,  57. 
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blood  changes  were  found  post-mortem  in  Lessor's  case  of  death- 
in  2^  hours.'  In  a  case  fatal  in  IS  hours  a  dark  brown  liquid 
was  found  in  the  bladder,  and  the  characteristic  changes  in  the 
blood.^  Cushny^  has  also  shown  that  chlorates  form  metlue- 
moglobin  in  solutions  of  haemoglobin  in  4  hours,  and  also  in  in- 
tact erythrocytes.  The  cardiac  effect  is  also  due  in  part  to  the 
toxic  action  of  potassium.* 

On  the  third  to  the  fifth  day  notable  changes  are  also  ob- 
served in  the  corpuscles.  In  one-fifth  to  one-fourth  of  the  ery- 
throcytes the  haemoglobin  has  separated  from  the  stroma,  and 
assumed  the  form  of  globules  or  granules  which  are  in  part  con- 
tained in  the  colorless  stroma  and  in  part  discharged  into  the 
plasma.  The  outline  of  the  stroma  is  retained,  but  it  is  rather 
ovoid  or  elliptical  in  shape  and  somewhat  shrunken.  Counts 
of  erythrocytes  at  this  stage  are  not  practicable,  but  at  a  later 
stage  they  are  found  to  be  notably  diminished  in  number,  to 
1,600,000  in  Brandenburg's  case,  and  to  1,500,000  in  Hirschf eld's 
case,  both  young  women,  and  nucleated  red  cells  are  found 
among  them.  The  affected  erythrocytes  do  not  form  rouleaux, 
but  either  float  freely  or  are  agglutinated  in  little  piles.  The 
leucocytes  are  increased  notably  in  number  about  the  second 
day,  to  30,000  in  Hirschf  eld's  case  and  to  80,400  in  one  of 
Jacob's,  which  increase  was  diminished  four  days  later  in  Hirsch- 
feld's  case  to  15,000.  The  increase  is  principally  in  the  polymor- 
phonuclear cells,  some  of  which  contain  large  vacuoles,  but 
myelocytes  are  also  seen.  There  are  also  neutrophile  cells  with 
several  spherical  nuclei,  such  as  have  previously  been  found  only 
in  pus,  and  cells  identical  with  Ehrlich's  pseudolymphocytes, 
previously  seen  only  in  exudates.  Some  of  the  cells  may  contain 
the  remains  of  degenerated  erythrocytes,  and  in  some  there  are 

■  Vrtljschr.    f.    ger.    Med.,    1898,  Arch.  f.  exp.  P.  u.  P.,  1878,  viii.,  68. 

3F.,  XV.,  284.  Aubert    and    Dehn:    PflUg.    Arch. 

"  Mercier:  Union  mM.  du  Canada,  1874,  ix.,  115.     Kronecker:  Arch.  f. 

1902,  xxxi.,  326.  Anat.  u.  Physiol.,  1878,  321.    Floel: 

'Arch.  f.  exp.  P.  u.  P.,  1908,  Pflug.  Arch.,  1885,  xxxv.,  157. 
Supplbd.,  126.  Landsteiner:  Ztsch.  f.  physiol. 
Bernard  and  Grandeau:  J.  de  Chem.,  1891,  xvi.,  13.  Florence: 
lanat.  et  de  physiol.,  1864,  i.,  378.  ThSse,  Montpelier,  1901.  Astolfoni: 
Fodcopaew:  Virch.  Arch.,  1865,  Arch.  int.  de  pharmacod.,  1903, 
xxxiu.,  505.  Guttmann:  Ibid.,  xi..  313.  Langendorff:  Pfliig.  Arch., 
1866,  XXXV.,  450.  Bunge:  Pflug.  1903,  xciii.,  286;  xcix.,  30.  Bran- 
Arch.,  1871,  iv.,  277.  Ztschr.  f.  denburg:  Ibid.,  1903,  xcv.,  625. 
physiol.  chem.,  1879,  iii.,  63.    Bohm: 
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degenerative  changes  in  neutrophile  granulations.*  As  an  ex- 
ternal manifestation  of  blood  alteration  the  skin  is  frequently- 
marked  with  gray-violet  patches  or  copper-colored  spots,  which 
disappear  on  pressure;  or,  in  consequence  of  the  effect  upon  the 
liver,  it  becomes  markedly  icteric. 

The  effects  upon  the  kidneys  are  manifested  in  the  urine, 
which  is  small  in  quantity,  cloudy,  and  of  a  red-brown  or  almost 
black  color,  contains  abundance  of  albumin,  and  when  examined 
spectroscopically  shows  the  bands  of  methsemoglobin  or  those  of 
haematin.  The  sediment  at  first  contains  hyaline  casts,  but  later 
broad  brown  or  yellow  casts,  with  abundant  granular  matter  and 
detritus  of  red  corpuscles,  sometimes  with  corpuscles  more  or 
less  modified,  crenated,  and  agglutinated  in  masses.  Frequently 
the  urine  contains  potassium  chlorate  as  such,  or  an  excess  of 
potassium  chlorid.  But  the  urine,  although  diminished  in 
quantity,  has  been  in  a  mild  case  described  as  clear  and  perfectly 
free  from  albumin.^  Or  the  secretion  of  urine  may  be  entirely 
suppressed. 

The  liver  and  spleen  are  notably  enlarged,  and  there  is  ten- 
derness, particularly  on  pressure,  in  that  region,  as  well  as  over 
the  kidneys. 

The  action  upon  the  nervous  system  is  manifested  by  de- 
lirium, or  coma,  or  violent  tonic  or  clonic  spasms,  with  fixation 
of  the  muscles  of  the  extremities,  the  neck  or  jaw;  or  some- 
times a  condition  approaching  opisthotonus.  Roselli^  has  re- 
ported a  case  of  amblyopia.  Usually  the  patient  becomes  un- 
conscious, but  sometimes  consciousness  remains  perfect  until 
near  the  end.     In  one  instance  the  patient  went  to  sleep  and 

1  Marohand:    Virch.   Arch.,    1879,  .\rch.  f.  kl.  Med.,   1899-1900,  Ixv., 

Ixxvii.,  455;  Arch.  f.  exp.  P.  u.  P.,  524.     Pal:   Wien.   med.  Wchnschr., 

1886,    xxii.,   201;    1887,  xxiii.,  273,  1902,   lii.,   846.    Schwartz:  Munch. 

347.     Riess:    Berl.   kl.    Wchnschr.,  med.   Wchnschr.,  1902,  xlix.,  2104. 

1882,  xix.,  785;  Arch.  f.  exp.  P.  u.  P.,  Tarugi:  CKn.  med.  ital.,  1905,  xliv., 

1908,   Suplb.,   460.     Hayem:    Rev.  583.    Winogradow:  Loc.  dt.    Simon 

scient.,     1886,     i.,     719.       Stokvis:  and  Spellmann:  C.  r.  Soc.  de  biol., 

ATch.  f.  exp.  P.  u.  P.,   1886,  xxi.,  1906,  Ixi.,  241.    Hirschfeld:  Munch. 

169.      Kronig:   Virch.   Arch.,    1887,  med.    Wchnschr.,    1907,   Hv.,   1304. 

ex.,  502.     Cahn:  Arch.  f.  exp.  P.  u.  Bornstein    and     MuUer:    Arch.    f. 

P.,  1888,  xxiv.,  180.     von  Limbeck:  Anat.    u.   Phys.,   Phys.  Abt.,  1907, 

Ibid.,    ISSO,   xxvi.,    39.      Landerer:  470. 

Deut.    Arch.   f.   kl.    Med.,    1890-91,  ^  Leichtenstern:        Deut.       med. 

xlvu.,     103.       Brandenburg:     Berl.  Wchnschr.,  1884,  x.,  305. 

kl.    Wchnschr.,    1895,    xxxii.,    5S3.  ^  Boll.     d.     osp.     oftal.    d.   prov. 

Jacob:    Ibid.,     1897,    xxxiv.,     580;  di  Roma,  1903,  i.,  68. 
1898,    XXXV.,    519.      Denig:    Deut. 


CHLORATES.  697 

died  without  a  struggle.'  Death  may  occur  suddenly  during  a 
spasm  or  convulsion,  but  is  usually  in  collapse.  In  one  instance 
on  the  eleventh  day  the  patient,  a  man  of  51  years,  had  much 
improved,  but  was  all  at  once  seized  with  an  attack  of  dyspnoea 
and  fell  back  dead." 

Elimination. — Potassium  chlorate  administered  by  the  mouth 
appears  in  the  saliva  in  5  minutes,  and  in  the  urine  in  10  minutes. 
The  elimination  is  practically  entirely  by  the  urine,  and  reduc- 
tion to  chlorid,  which  takes  place  readily  in  vitro,  only  occurs 
to  a  trifling  extent,  if  at  all,  in  the  economy,  as  very  nearly  the 
entire  amount  introduced  is  recoverable  unchanged  in  the  urine 
of  the  48  hours  following  the  ingestion.  Rabuteau^  recovered 
4.  62  gm.  from  the  urine  of  24  hours  after  administration  of  5 
gm. ;  and  Isambert  and  Hirne*  5 .  964  gm.  in  the  urine  of  48  hours 
after  administration  of  6  gm.,  both  in  the  human  subject. 

Treatment. — Emetics  should  be  given,  or  the  stomach 
washed  out.  Excretion  by  the  saliva  may  be  stimulated  by 
hypodermics  of  pilocarpin.  Stimulants  and  digitalis  are  indi- 
cated. Inhalation  of  ox^-gen  may  be  serviceable.  Transfusion 
of  blood  was  tried  in  one  case  with  results  beneficial  at  first,  but 
afterward  not  so  favorable,  and  without  saving  the  patient.^ 

Post-mortem  Appearances. — These  are  more  character- 
istic than  is  usually  the  case  with  the  true  poisons,  provided 
the  autopsy  is  made  soon  after  death.  The  blood  is  of  a  pecu- 
liar dark  chocolate-brown  color.  Under  the  microscope  the 
corpuscles  are  very  pale,  and  some  contain  punctiform  vacuoles. 
On  dilution  with  water  it  forms  a  turbid  solution  which,  when 
filtered,  is  Burgundy-red,  and  on  sufficient  dilution  shows  the 
spectrum  A,  Fig.  32.  On  addition  of  a  trace  of  ammonium 
hydroxid  a  disappears.     On  addition  of  ammonium  sulfhydrate, 

'Billroth:  Loc.  cit.  Arch.    f. 'exp.  P.  u.  P.,   1886,  xxi., 

''Lenhartz:    Deut.    med.    Wchn-  169.  Riess,  Jacob,  Schwabe:  Loc.  crt. 

schr.,  1887,  xiii.,  9.     For  other  cases  '  Gaz.  hebd.  de  m^d.,  1868,  705. 

with  prominent  nervous  effects  see:  ■*  Gaz.   m6d.  de  Paris,   1875,  4  s., 

Brenner:    Wien.    med.    Wchnsehr.,  iii.,     199.     See     also:     v.     Mering: 

1880,  XXX.,  1285.    Manouvriez:  Ann.  Berl.     kl.     Wchnsehr.,     1883,     xx., 

d'hyg.,    1880,  3  s.,  iii.,   543.     Broe-  686,   and   "Chlors.   Kali,"    1885,   p. 

sike    and    Schadewald:     Berl.     kl.  68.   Kymmeyser:  Jbt.  f.  Thierchem., 

Wchnsehr.,   1883,   xx.,  649.     Bohn:  1884,  xiv.,  243.    Gaethgens:  Berl.  kl. 

Deut.  med.    Wchnsehr.,    1883,   ix.,  Wchschr.,     1886,     xxiii.,     891. 

485.  Zillner:  Wien.  med.  Wchnsehr.,  Marchand    and    Schmidt:    Arch.    f. 

l»82,xxxii.,  1331.    Wilke:  Berl.  kl.  exp.  P.  u.  P.,  1887,  xxiii.,  299. 

Wchnsehr.,  1885, xxii.,  251.  Stokvis:  '^  Satlow:     Jahrb.     f.  Kinderhlk., 

1881-82,  xvii.,  311. 
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on  the  other  hand,  a  disappears  first,  while  b  and  c  slowly  fuse 
together  to  produce  b';  before  this  is  quite  accomplished,  a' 
makes  its  appearance  and  is  visible  in  dilute  solution;  b'  plainly 
shows  two  parts,  a  lighter  and  a  darker,  the  more  sharply  defined 
one  being  nearer  to  the  blue.' 

The  liver,  spleen,  and  kidneys  are  enlarged.  The  liver  may 
be  normal  in  appearance,  or  icteric.  Microscopically,  hasmo- 
globin-colored  masses  are  found  in  the  capillaries,  between  the 
cells,  but  not  in  the  cells.  The  spleen  is  enlarged,^  easily  torn,  in- 
tensely hypersemic,  and  filled  with  red  corpuscles,  more  or  less 
disintegrated,  and  some  white  corpuscles  and  pigment  granules. 
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Fig.  32. — Spectra  of  Blood  in  Potassium  Chlorate  Poisoning. 


The  kidneys  are  intensely  hypereemic,  with  cedematous  swell- 
ing of  the  interstitial  tissue,  the  medullary  portion  gray,  the 
cortex  yellow,  with  chocolate-colored  stripes  in  the  papillae. 
There  is  round-cell  infiltration  around  the  vessels;  proliferation 
of  nuclei  in  the  glomeruli  cells;  within  the  glomeruli  are  fine 
fibrin  coagula  and  pigment  scales.  The  tubuli  are  filled  with 
casts,  especially  the  straight  ones,  the  casts  containing  blood 
detritus  and  epithelial  cells,  and  a  few  being  hyaline.  In  the 
convoluted  tubes  the  casts  are  not  so  plentiful,  but  the  tubes  are 
remarkably  widened  and  flattened.  The  epithelial  cells  are 
granular,  their  nuclei  do  not  stain  in  some  cases,  and  some  show 
vacuoles.  The  lumina  of  the  tubes  are  traversed  by  dry  reticu- 
lated coagula.  The  mucous  membrane  of  the  stomach  is  swollen 
and  marked  in  places  with  small,  shallow  erosions,  and  with 
punctiform  hemorrhages,  or  ecchymoses.  In  the  small  intes- 
tine the  mucous  membrane  is  cedematous  and  injected,  with  loss 

w- ^^^10?°*^"^°°'     ^^'^-     •^^^^^■'  =  In  one  of  Weichselbaum's  cases 

Wien,  1881,  473.  goc,    cit.)     the     enlargement    was 

such  that  the  capsule  was  ruptured. 
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of  substance  in  places.  Peyer's  patches  and  the  solitary  follicles 
are  swollen  and  sometimes  ecchyniotic.  The  capillaries  of  the 
mucous  membrane  of  the  large  intestine  are  markedly  congested. 
The  lungs  are  marked  with  subpleural  ecchymoses,  brownish  in 
color,  and  are  hypersemic  and  oedematous.  Fat  emboli  and 
infarcts  have  been  found  in  the  lungs  and  other  organs.'  The 
pleural  cavity  contains  fluid,  varying  in  color  from  yellow  to 
deep  red.  The  heart  is  dilated,  containing  brown-red  cruor; 
and  the  pericardium  contains  yellow  fluid.  The  brain  is  smoke- 
colored,  the  meningeal  and  cerebral  vessels  are  injected  with 
rust-brown-colored  blood,  and  the  sinuses  and  arteries  at  the 
base  filled  with  fluid  blood  of  the  same  color.  The  marrow  of 
the  bones  is  softer  than  normal,  brown  in  color,  marked  with 
spots,  and  its  cells  contain  numerous  aggregations  of  granular 
detritus  of  blood  corpuscles  which  is  readily  soluble  in  acetic 
acid.    The  skin  is  icteric,  or  of  a  peculiar  marble  whiteness.^ 

Analysis. — The  analytical  proof  of  a  chlorate  poisoning  de- 
pends upon  the  detection  of  methsemoglobin  in  the  blood  and 
urine,  and  of  chlorate  in  the  organs,  urine,  etc. 

Methsemoglobin  is  recognised  by  the  spectrum  described 
above.  There  are,  however,  many  oxidizing  and  reducing  sub- 
stances other  than  chlorates  which  also  produce  methiaemoglobin. 
Some  of  these  are  of  more  theoretical  than  practical  interest  by 
reason  of  the  improbability  of  their  presence.  Such  are  the 
ferricyanids,  nitrates,  and  permanganates,  hydroquinone,  the 
diazo  and  phenylhydrazin  compounds,  reducing  amins  and 
diamins,  and  aldehydes.  Others  have  occasionally  caused 
poisonings,  such  as  pyrogallol,  anilin,  nitrobenzenes,  nitrophenols 
mcluding  picric  acid,  and  still  others  are  used  medicinally,  such 
as  acetanilid,  nitroglycerol,  amyl  nitrite,  and  sulfonal.  Met- 
hsemoglobin is  also  produced  as  a  product  of  putrefactive  changes 
in  cadaveric  blood.  In  a  case  reported  by  v.  Maschka''  the 
detection  of  methsemoglobin  in  the  blood  raised  a  suspicion  of 
chlorate  poisoning  which  was  almost  certainly  false. 

Although  in  Lacassagne's  case^  traces  of  chlorate  were  found 

.' Romano w :  Wrasch,  1896,  1141,'  8;   pi.   xviii.,   Figs.    1-4,    9.    Wino- 

2w  by  Winogradow,  Loc.  cit.  gradow:  Loc.  cit. 

ior  colored  plates  of  the  appear-  ^Prag.     med.     Wchnschr.,     1893, 

ances  of  various   organs  in  a  case  xviii.,  223. 

"A*i    J    *^  poisoning,   see   Lesser:  *  Arch,  d'anthrop.  crim.,  1887,  u., 

Atl.  d.  ger.  Med.,"  pi.  xvii.,  Fig.  359. 
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in  the  kidneys  and  larger  quantities  in  the  faeces,  the  probability 
of  its  detection  analytically  is  slight.  Chlorates  are  not  only 
very  prone  to  reduction  to  chlorids/  which  are  normal  con- 
stituents of  the  tissue,  but  they  are  rapidly  ehminated,  the 
greater  part  within  10  to  28  hours  after  ingestion,  and  the  whole 
within  48  hours. ^ 

The  presence  of  chlorates  in  aqueous  solution  or  in  the 
urine  maj'  be  recognized  by  the  following  reactions:  1.  The 
liquid,  rendered  faintly  blue  by  indigo  solution,  and  treated 
with  sulfuric  acid,  remains  blue,  but  the  color  is  discharged  by 
addition  of  sulfur  dioxid  or  sodium  sulfite.  2.  On  addition  of 
concentrated  hydrochloric  acid  (|  vol.),  starch  paste,  and 
potassium  iodid  solution,  and  warming  gently:  a  blue  color.  3. 
On  addition  of  a  solution  of  brucin  (brucin,  dilute  sulfuric  acid 
5,  water  100)  and  underrunning  with  concentrated  sulfuric  acid: 
a  red  zone.  The  liquid  must  be  free  from  nitric  acid,  nitrates, 
and  nitrites.  If  the  chlorate  be  in  the  solid  form  it  behaves 
as  follows:  1.  Heated  in  a  dry  test-tube  it  melts  and  gives  off 
oxygen,  which  causes  a  glowing  match-stick  to  burst  into  flame 
when  introduced  into  the  mouth  of  the  tube.  2.  When  thrown 
on  a  glowing  coal  the  crystal  deflagrates  with  a  violet  flame.  3. 
Powdered  and  mixed  with  charcoal  or  sulphur  the  mixture  burns 
with  a  bright  light  when  ignited.  4.  When  moistened  with  concen- 
trated sulfuric  acid  a  crystal  gives  off  a  yellow,  pungent,  ex- 
plosive gas,  having  an  odor  somewhat  resembling  that  of  chlorin, 
and  the  acid  is  colored  yellow.  5.  A  crystal  moistened  with 
hydrochloric  acid  gives  off  chlorin. 

Potassium  chlorate  is  best  extracted  from  organs,  stomach 
contents,  etc.,  by  dialysis,^  keeping  the  volume  of  the  dialysate 
as  small  as  possible,  and  concentrating  if  necessaiy  at  low  tem- 
perature.    It  may  be  tested  for  in  the  urine  directly. 

For  quantitative  determination  the  chlorids  are  first  re- 
moved by  addition  of  silver  nitrate  to  a  measured  volume  of  the 
urine  or  dialysate,  strongly  acidulated  with  nitric  acid,  and 
filtration.     To  the  clear  filtrate  silver  nitrate  and  sodium  sulfite 

'  Tacke:  Diss.  Bonn,  1878.    Binz:  Hirne;  Ibid.,  1875,  4  s.,  iii.,  199.    v. 

Arch.  f.  exp.  P.  u.  P.,  1879,  X.,  153.  Mering:    "D.    chlors.    Kali,"    1885, 

Kimmeyser:     Jhbt.    f.    Thierchem.,  p.     58.     Marchand:     Virch.    Arch., 

1884,  xiv.,  243.  1879,  Ixxvii.,  455,  488. 

^Rabuteau:   Gaz.  m^d.  de  Paris.  '  .'^ee  p.  176 

1868,  xxii.,  665,  717,     Isambert  and 
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are  added  until  no  further  precipitation  occurs,  allowing  about 
ten  minutes  for  complete  reduction  of  chlorate  to  chlorid. 
The  last  precipitate  is  collected  and  weighed  with  the  usual 
precautions.!  The  weight  of  AgClXO.S55  =  KC103.  There  is 
a  possible  source  of  error  after  absorption  of  iodoform  from  the 
presence  of  iodates  in  the  urine. ^ 

CHROMATES. 

Of  the  compounds  of  chromium  of  toxicological  interest,  one, 
chromic  anhydrid,  CrOj,  is  a  powerful  corrosive  and  has  already 
been  considered  under  that  head.^  Another,  lead  chromate, 
PbCrOj,  used  as  a  pigment  under  the  name  chrome  yellow,  is 
rather  a  plumbic  than  a  chromic  poison;  chrome  red  is  a  basic 
lead  chromate,  Cr03(PbO)3.  Another  chromic  pigment,  chrome 
green,  may  be  either  a  mixture  of  chrome  yellow  with  some  blue 
pigment,  such  as  Prussian  blue,  or  Guignet's  green,  which  is  a 
hydroxid  of  the  formula  CrjOCOH)^.  This  may  contain  boric 
acid  or  borax  as  an  impurity,  but  when  properly  prepared  it  is 
insoluble  and  non-poisonous. 

Lead  chromate  poisonings  have  all  been  accidental  save  one: 
that  of  a  male  suicide  of  50  years,  who  died  in  2J  hours  from 
its  effects.*  The  accidental  cases  have  resulted  from  inhala- 
tion of  the  dust  among  weavers  or  other  operatives,'  or  from  the 
ingestion  of  articles  of  food  or  drink  colored  by  it.* 

Of  the  chromates  two  are  used  in  the  arts:  Potassium  chro- 
mate, K2Cr04,  a  yellow  salt  readily  soluble  in  water,  used  prin- 
cipally in  the  manufacture  of  chrome  yellow,  which  is  actively 
poisonous,  but  which  has,  so  far  as  we  know,  been  the  cause  of 

'Seholtz:  Arch.  f.  Pharm.,  1905,  ■'Falk:    Vrtljschr.    f.    ger.    Med., 

ccxlm.,353.  Hildebrandt:  Vrtljschr.  1855,  xhi.,  290. 

f.  ger.  Med.,  1906,  3  F.,  xxxii.,  80.  'Thibault:     Ann.     d'hyg.,     1856, 

^Harnack:   Berl.   kl.   Wchnschr.,  2  s.,  vi.,  1-85.     Leopold:     Vrtljschr. 

1882,    xix.,    297;    1885,   xxiii.,   98.  f.    ger.    Med.,    1877,    n.   F.,    xxvii., 

Harnack   and    Grundler:    Jhbt.    f.  29  (6  cases,  1  death) .     Smith,  R.  C: 

Thierchem.,  1883,  xiil,  212.     Zeller:  Lancet,    1882,   i.,  391;   Brit.   M.  J., 

Ztschr.    f.    physiol.    Chem.,     1883,  1882,  i.,  8  (3  cases). 

■"11.,  70.    Quaedvlieg:  Jhbt.  f . Thier-  "Linstow:  Vrtljschr.  f.  ger.  Med., 

^hem.,  1887,  xvii.^  218.    Zeehuisen:  1874,    n.   F.,    xx.,    60    (2   children, 

md.,    1893,    xxiu.,   90.    Angiolani:  deaths  in  2  and  5  days,  confection- 

them.  Centbl.,  1903,  i.,  48.  ery).    Stewart:    Med.    News,  1887, 

'See   p.    312.    "Battery   fluids,"  U.,    676.     Reese:     Ibid.,    p.    27    (9 

containing  chromates   and   sulfuric  persons,  in  buns) .    Smith,  W.:  Guy's 

acid,  are  solutions  of  chromic  acid.  Hosp.    Rept.,    1897,    3    s.,    xxxix., 

279  (in  home-made  wine). 
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poisoning  in  the  human  subject  but  four  times:  Professor  Paro- 
chow,  of  Charkow,  took  a  tablespoonful  of  the  chromate  "in 
place  of  Glauber's  salt"  (!),  and  died  in  12  hours.'  Hjelt  has 
reported  another  instance  of  the  fatal  poisoning  of  an  adult  by 
the  same  salt  in  Finland  in  1872.^  Glaser^  reported  an  unsuccess- 
ful attempt  at  suicide  with  about  10  gm.  of  the  chromate;  and 
Looft  a  suicidal  death  by  the  same  salt.*  Fagerlund^  reported  a 
fatal  poisoning  by  a  saturated  solution  of  the  chromate  taken  by 
a  man  while  drunk.® 

Potassium  dichromate — bichromate  of  potash — potassium 
pyrochromate — KjCrjO; — is  an  orange-yellow,  crystalline  body, 
odorless,  bitter  and  metallic  in  taste,  soluble  in  10  parts  of 
water  at  15°  (59°  F.)  and  in  1.5  parts  of  boiling  water;  insoluble 
in  alcohol.  It  is  quite  extensively  used  in  dyeing,  in  the  prep- 
aration of  "battery  fluid"  (see  Chromic  Anhydrid),  in  the 
manufacture  of  the  chromate  and  of  certain  anilin  dyes,  and  is 
also  used  in  medicine  {Potassii  dichromas,  U.  S.  P.).  In  industrial 
processes  the  potassium  salt  is  now  very  generally  replaced  by 
that  of  sodium. 

Its  toxic  powers  were  first  observed  in  Scotland  in  1827, 
when  Duncan  and  Cumin^  noted  its  local  action  upon  the  oper- 
atives engaged  in  its  recently  introduced  industrial  appUcations.' 

We  find  record  of  67  cases  of  acute  bichromate  poisoning, 
of  which  32  were  suicidal,  22  accidental,  3  to  procure  abortion, 
3  homicidal,  and  in  7  the  origin  is  not  stated.  Of  the  accidental 
cases  17  were  in  adults  and  5  in  children  of  15  years  or  under. 
The  adults  swallowed  the  solution  in  mistake  for  ale,  tea,  medi- 

'  Neese:  Pharm.  Ztschr.  f.  Russl.,  'For    bibliography   of   industrial 

1S62,  No.  7.  and  other  poisonings  by  dichromate, 

^Schmidt's    Jahrb.,    1876,    clxx.,  see    Pander:    "Arbeit,    d.    pharm. 

232.  Inst.,"   Dorpat,   1888,  ii.,  39.    For 

^  Deut.    med.    Wchnschr.,    1886,  chrome  effects  see  also:  B^court  and 

xii.,  292.  Chevalier:  Ann.  d'hyg.,  1863,  2  s., 

'  Virch.-H.  Jbt.,   1891,  i.,  398.  xx.,     82.      Delpech    and    Hillaret: 

=  Vierteljschr.   f.   ger.   Med.,  etc.,  Ibid.,  1869,  2  s.,  xxxi.,  5.    Richard- 

1894,  viii.,  supplhft.,  76.  son:     Asclepiad,     1884,      i.,     339. 

« Heitz    (Friedreich's    Bl.    f.    ger.  Wutzdorff:    Arb.    a.     d.    k.    Ges.- 

Med.,  1902,  hii.,  262)  refers  to  two  Amt,     1896,     xiii.,     328.      Wodke: 

of  his  cases,  in  one  place  as  having  Vrtljschr.  f.  ger.  Med.,  1899,  xviii., 

been    caused   by  the  neutral  chro-  32.5.       Hermanni:     Miinch.     med. 

mate,  but  in  another  as  due  to  the  Wchnschr.,       1901,      xlviii.,     536. 

bichromate.     The  latter  is  the  more  Bamberger:      Ibid.,      1902,      xlix., 

probalile.  2144.    RudlofT:  Mntsh.  f.  Ohrenhlk., 

'  Edinb.    M.   and   S,   Jour.,    1827,  '1903,  xxxvii.,  243. 
XXVI.,   133;  xxviii.,   301. 
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cine,  etc.,  except  1  man  who  aspirated  it  while  charging  a  siphon; 
the  children  swallowed  or  sucked  the  crj^stals  in  mistake  for 
candy,  except  1  boy  who  inserted  one  into  his  nose.  In  the  3 
abortion  cases  all  the  women  died,  2  having  previously  aborted.' 
Two  of  the  homicidal  cases  were  failures:  one  in  which  a  tanner 
was  convicted  of  an  attempt  to  murder  his  wife;^  the  other  a 
Styrian  case,,  also  of  attempted  wife  murder,  in  which  the 
bichromate  was  given  in  the  belief  that  it  was  "  yellow  arsenic.  "^ 
In  the  third  case  a  woman  of  56  years  died  in  8  hours  from  the 
effects  of  bichromate  administered  by  her  maid  in  a  wafer. ^ 

The  smallest  dose  of  the  dichromate  which  has  been  known 
to  cause  the  death  of  an  adult  was  from  2  to  3  gm.  (31  to  46 
gr.),  taken  in  the  form  of  powder,  with  suicidal  intent,  by  a 
man  of  43  years,  who  died  in  10  days.''  Another  suicide,  a 
young  man  of  19  years,  died  in  lOf  hours  after  having  taken 
about  7.5  gm.  (114  gr.).*"  A  boy  of  20  months  died  in  9^  hours 
after  having  accidentally  swallowed  a  crystal  weighing  about 
10  gr.  (0.65  gm.).'  On  the  other  hand,  a  man  of  48  years 
took  273  gr.  (17.7  gm.)  in  solution  in  mistake  for  tea,  and 
recovered;"  and  in  two  instances  men  have  unsuccessfully  at- 
tempted suicide  with  15  gm.  (gss-)-" 

The  duration  of  fatal  cases  is  usually  short.  In  one  instance 
a  woman  of  46  years,  a  suicide,  died  in  40  minutes ; '"  and  in  another 
a  man,  also  a  suicide,  died  in  50  minutes. '^  In  20  of  25  fatal 
cases  of  which  the  duration  is  definitely  stated  death  occurred 
in  24  hours  or  less,  with  an  average  of  8^  hours.  In  the  other 
cases  life  was  prolonged  for  2^,'=  3,"  8,"  10,'^  and  lO'"  days. 

The  symptoms  are  prompt  in  appearance.  Within  five  min- 
utes or  less  there  is  most  intense  pain  in  the  stomach  and  back, 

'Schrader:  Vrtljschr.  f.  ger.  Med.,  "Warwick:  Lancet,  1880,  i.,  167. 

1866,  n.F.,  v.,  113.     Hedrin:  Ibid.,  Waugh:  /6id.,  1885,  ii.,  1135. 

1905,  3  F.,  xxix.,  58  (two  cases).  '"Stewart:    Brit.   M.  Jour.,  1888, 

.   'Fronczak:    Amer.    Med.,    1905,  ii.,  420. 

1X-.  363.  "  Waugh:  Loc.  cit.  (Case  II.). 

Kratter:  "  Beitrage,"  p.  5.         •  '^  Schindler:  Repert.  f .  d.  Pharm., 

,„„5ita:   Ztschr.   f.    Med^'.-Beamte,  1840,  Ixix.,  387. 

1908,  XXI.,  747.  13  Hedrto:  Vrtljschr.  f.  ger.  Med., 

Khmesh:     Wien.     kl,      Wchn-  1905,  3  P.,  xxix.,  58. 

schr.,  1889,  ii.,  732.  "Furbringer:  Deut.  med.  Wchn- 

Gesenius:    Deut.    med.    Wchn-  schr.,  1892,  xviii.,  102. 

^"nr-' 1882,  viii.,  511.  "  Klimesh:  Wien.  kl.  Wchnschr., 

100,        °™-    Glasgow    M.     Jour.,  1889,  ii.,  732. 

sTj'Jr''  ^^^'  "Gossage  and  Bernstein:  Lancet, 

i'mhpson:  Lancet,  1892,  i.,  138.  1907,  ii.,  1758. 
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followed  or  accompanied  by  violent  and  continuous  vomiting, 
the  vomited  matter  consisting  at  first  of  the  food,  tinged  with 
the  poison,  and  subsequently  becoming  bilious  and  bloody. 
In  a  short  time  there  is  severe  purging,  and  the  patient  rapidly 
becomes  almost  unconscious,  pulseless,  and  collapsed.  Usually 
the  onset  is  rapid  and  sudden,  and  within  a  very  short  time  the 
person  is  doubled  up,  unable  to  speak,  or  to  perform  any  vol- 
untary act.  But  cases  are  recorded  in  which,  even  when  the 
poison  has  been  taken  in  solution,  the  victim,  although  suffering 
violent  pain,  has  been  able  to  help  himself  for  as  long  as  half  an 
hour  after  taking  the  poison. '  In  Schindler's  case,  above  referred 
to,  the  course  of  the  poisoning  seems  to  have  been  exceptional, 
probably  because  of  prompt  treatment.  He  was  given  warm 
water,  soap  and  oil,  and  emetics,  until  the  discharges  were  no 
longer  yellow,  after  which  he  appeared  well  and  passed  a  good 
night.  The  next  morning  he  was  excessively  weary,  suffered 
from  pains  in  the  back  and  kidneys,  and  had  suppression  of  urine 
and  frequent  purging.  The  second  night  was  very  restless,  and 
in  the  morning  he  was  motionless  and  completely  exhausted, 
and  died  54  hours  after  having  taken  the  solution.  The  emetics 
had  obviously  not  caused  the  complete  discharge  of  the  poison, 
as  chromium  was  found  in  the  stomach  after  death. 

The  post-mortem  appearances  are  not  characteristic. 
The  most  diagnostic,  when  it  is  present,  is  a  grayish-blue,  green- 
ish, or  purplish-blue  coloration  of  the  skin  in  places,  of  the  gums, 
meninges,  stomach,  liver,-  lungs,  and  other  internal  organs, 
caused  by  the  reduction  of  the  chromate.  The  blood  does  not 
coagulate  readily,  is  brownish  in  color,  and  shows  the  spectrum 
of  methsemoglobin.^  The  mucous  membrane  of  the  lower  oesoph- 
agus is  injected.  The  gastric  mucous  membrane  is  swollen, 
ecchymotic,  particularly  at  the  fundus,  and  in  some  cases  is 
shredded  off,  as  is  that  of  the  upper  small  intestine.  The  in- 
testinal mucous  membrane,  particularly  in  the  large  intestine, 
is  hypersemic  and  ecchymosed,  with  enlargement  and  elevation 
of  Peyer's  patches  and  solitary  glands.  The  liver  and  heart 
have  been  found  to  be  the  seat  of  fatty  degeneration.     A  brown- 

'  Johnson:    M.    Times   and    Gaz.,  Med.  Press  and  Circ,   1885,  n.  s., 

1877,    ii.,    447.     See    also    Walker:  xl.,    532.      Kiemann:   Ber....Ru- 

Lancet,     1879,    ii.,    464.     Bullock:  dolph  Stift.,  Wieu.,  1886,  296. 

Ibid.,     1890,     ii.,     560.     Macniven:  ^  p^uttan   and   Lafleur:   Montreal 

Ihid.,      1883,     ii.,     496.       Knight:  M.   Jour.,   1888,  xvii.,  81. 
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red  exudation  is  found  in  the  peritoneal  and  pleural  cavities. 
The  kidneys  are  dark  and  hypersemic,  and  the  convoluted  tubes 
contain  occasional  hyaline  casts,  their  cells  being  unaltered. 

Analysis. — Occasionally,  when  the  dichromate  has  been 
taken  in  the  sohd  form,  it  may  be  found  in  substance  in  the 
stomach  and  intestine,'  but  usually  the  most  that  is  to  be  ex- 
pected, under  favorable  conditions,  is  the  detection  of  chromium, 
either  in  the  urine,  vomit,  alimentary  contents,  blood,  liver, 
or  kidneys.^  In  the  systematic  analysis  chromium,  if  present, 
is  found  in  the  residue  Viae  (page  196) ;  this  is  fused  with  disodic 
carbonate  and  potassium  chlorate,  the  cooled  fusion  extracted 
with  water,  and  the  solution  tested  for  chromium  as  directed  at 
page  313.  In  a  case  of  death  in  12  hours  from  10  gm.  of 
dichromate,^  Zdarek*  separated  0.3353  gm.  Cr203  =  0.6488  gm. 
KjCrjO,;  from  the  cadaver,  the  maximum  proportion  from  the 
liver. 

COPPER 

Are  the  compounds  of  copper,  when  not  taken  in  excessive 
quantity,  poisonous?  This  is  a  question  the  affirmative  of 
which  is  firmly  fixed  in  the  popular  mind,  yet  it  is  one  upon 
which  toxicologists  and  hygienists  have  been  by  no  means 
unanimous.  Copper  and  brass  have  been  used  from  time  im- 
memorial in  the  manufacture  of  cooking  utensils.  Biblical  and 
classical  literature  contains  frequent  references  to  them;  and 
not  only  have  numerous  copper,  brass,  and  bronze  utensils  been 
found  in  excavations  in  Europe  and  Asia,  but  upon  this  conti- 
nent there  is  evidence  that  the  copper  deposits  of  Lake  Superior 
were  worked  at  an  early  period,  and  by  a  race  probably  differ- 
ing from  and  possibly  antedating  the  red  Indian.  In  the  early 
part  of  the  eighteenth  century  deaths  caused  by  food  articles, 
which  were  undoubtedly  due  to  the  then  unknown  products  of 
putrefaction,  were  first  attributed  to  their  having  been  prepared 
m  copper  utensil^  and  were  considered  as  cupric  poisonings. 
Probably  the  earliest  writer  to  take  this  view  was  Mauchart  in 
1712.^    A  dissertation  with   a  like  title  was   defended  at  the 

'Maschka:    Vrtljschr.    f.    prakt.  'Ibid.,p.i7. 

2  Pf        '  "'^xxvi.,  37.  =  "  Mors  in  oUa,  sive  de  cupreorum 

3  y'-R"ttan  and  Lafleur :  Loc.cii.  vasorum   noxa,"    Ephem.    N.    Cur. 
,„ni*l"cha:   Vrtl.jschr.  f.  ger.  Med.,  Cent.,  i.,  obs.  13,  p.  54,  1712. 

1906,  XXXI.,  Suplh.,  35. 
IV.-45 
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University  of  Altdorf  in  1722  by  Anhalt;'  and  a  treatise  upon  the 
poisonous  quality  of  copper  was  published  by  Falconer  in  1774.^ 
In  France  during  the  past  40  years  the  Comite  consultatif 
d'hygitne  publique  upon  three  occasions'  declared  that  copper  in 
articles  of  food  is  dangerous,  and  the  use  of  salts  of  copper  or  of 
copper  vessels  was  forbidden  by  law.  But  Galippe  in  1875^ 
contended  for  the  innocuousness  of  the  copper  compounds  and 
later,  by  numerous  experiments  upon  himself,  his  family  and 
friends,  showed  conclusively  that,  even  when  taken  for  a  long 
time  and  in  quantity  sufficient  to  be  perceptible  to  the  taste, 
they  are  absolutely  without  deleterious  effects  upon  the  human 
economy.^  In  1880  the  Council  of  Hygiene,  consisting  of 
Pasteur,  Poggiale  and  Brouardel,  reported  to  the  Prefect  of 
Police  that  "  copper  in  the  amounts  found  by  them  in  canned 
goods  is  not  capable  of  injuring  health.""  In  1889  Grimaux 
reported  to  the  Minister  of  the  Interior  the  innocuousness 
of  the  cupric  salts,'  in  consequence  of  which  the  interdiction 
of  the  use  of  copper  in  canned  goods  was  removed;*  yet  cop- 
per compounds  were  still  included  among  the  noxious  colors 
in  a  list  attached  to  an  ordinance  in  1891.°  The  Belgian 
Academy  of  Medicine  in  1885,  in  answer  to  a  question  from  the 
Government,  declared  that  "the  compounds  of  copper  are  not 
only  useless  in  articles  of  food,  but  are  deleterious;"  but  the 
discussion  which  preceded  the  expression  of  this  opinion,  which 
has  been  published  by  Du  Moulin,'"  showed  that  a  minority, 
respectable  alike  in  numbers  and  ability,  entertained  the  con- 
trary view,  which  prevailed  later,  as  the  same  academy  at  a 
session  June  26th,  1886,  declared  that:  "1.  Copper  contained 
in  food  in  the  proportion  in  which  it  has  been  found  is  not 
dangerous.  2.  The  greening  of  canned  goods  with  the  salts  of 
copper  is  absolutely  harmless."     Yet  the  compounds  of  copper 

■  Sohulze,  Praeses.  etc.,  1879,  3  s.,  ii,,  159;  1880,  3  s., 

-"Observations  and  Experiments  iii.,  531;  1883,  3  s.,  ix.,  122. 

on   the  Poison   of  Copper,"    1 2mo,  °  Ann.    d'hyg.,    etc.,    1880,   3   s., 

London,  1774.  iii.,  193.           , 

^Febr.    28th,    1853;    Nov.    12th,  '  Rec.    d.    trav.     Com.    consult. 

1860;  July  15th,  1877.  d'hyg.    pub.    de   Fr.,    1889    (1890), 

*  These,  Paris,  1875  xix.,  146. 

=  C.    rend.    .\c.    8c.,    Paris,    1877,  «  May  7th,  1889. 

Ixxxiv.,  718;  Arch.  d.  phvs.  norm.  "  Dec.  17th,  31st,  1890;  June  17th, 

et  path.,   1877,  2  s.,  iv.,  206;  Ann.  1891. 

d'hyg.,  etc.,   1878,   2  s.,  1.,  426;  C.  '""La    Toxicologic    du  Cuivre," 

rend.  Soc.  de  biol.,  1877  (1879),  6  Bruxelles,  1886.     See  also:  France 

s.,    IV.,    70,    77,    229;    Ann.    h'hyg.,  mi§d.,  1889,  ii.,  1481. 
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were  included  among  the  forbidden  colors  in  a  ministerial 
regulation  of  June  ITth,  1891.^  In  Germany  and  Austria  the 
use  of  copper  is  forbidden  in  regulations  of  1889  and  1890,  and 
the  International  Congress  of  Food  Analysts  in  1891  declared 
that  "the  use  of  copper  in  canned  goods  should  be  forbidden. "^ 
But  as  early  as  1855  Hoenerkopf^  held  the  opinion  that  copper 
sulfate  is  not  poisonous  in  the  sense  that  it  can  cause  death 
when  taken  in  small  quantity,  a  view  which  has  been  supported 
by  Wald*  and  many  other  toxicologists  down  to  the  most  recent 
German  writers  upon  the  subject,  Tschirch^  and  Lehmann." 
That  the  constant  absorption  of  copper  by  workers  in  that  metal 
does  not  produce  deleterious  effects  is  abundantly  shown  by  nu- 
merous observations,' although  they  become  saturated  with  it  to 
such  an  extent  that  their  hair  and  gums  become  green,  and  their 
urine  colors  the  ground  green. 

Indeed,  for  practical  purposes,  copper  must  be  considered  as 
a  normal  constituent  of  the  animal  body.  Its  presence  in  the 
human  subject  has  been  frequently  noted  by  toxicologists,  and 
we  have  yet  to  examine  a  human  liver  which  does  not  contain 
it.  Its  presence  has  been  usually  attributed  to  the  presence  of 
copper  in  -prepared  food  articles:  but  Cloez  has  found  it  in  the 
blood  of  a  wild  animal  (a  stag)  in  the  proportion  of  5 . 5  mgm. 
to  the  kilogram;*  and  Lehmann'  has  found  it  in  the  livers  of 
rabbits  in  the  proportion  of  2.8  to  12  mgm.  per  kilo;  and  in 
those  of  oxen  from  10  to  51  mgm.  per  kilo.  Church'"  has 
described  a  pigment  containing  seven  per  cent,  of  copper,  turacin, 
obtained  from  certain  species  of  wild  birds;  Fredericq^'  has  de- 
scribed a  protein  containing  copper,  hcemocyanin,  from  the 
blood  of  the  octopus,  which  has  also  been  found  byKrukenberg'^ 
in  cephalopods,  crustaceans,  and  oysters. ''  Copper  is  much 
more  widely  distributed  in  nature,  in  small  quantities,  than  has 

'Monit.  Beige,  1891,  1774.  ^  Bull.   Soc.   chim.,   Paris,     1877, 

'Ztsoh.  t.  Nahrungsmittelchemie,  xxvii.,  196. 
etc.,  1891,  557.  ^  Loc.     cit.     See     also:      Blasius: 

'Vrtljsohr.    f.    ger.     Med.,     etc.,  Ztschr.    f.    rat.    Med.,    1866,    3    R., 

1855,  vui.,  212.  xxvi.,  250. 

.      'Gerichtl.  Med.,"  Leipzig,  1858,  '"Proc.  roy.  Soc,  1892,  li.,  399. 

'•.  393.  n  C.    rend.    Ac.    So.,  Paris,  1878, 

'  Das  Kupfer,"  Stuttgart,  1893.  Ixxxvii.,  996. 

Arch.  f.  Hyg.,  1897,  xxxi.,  279.  "  "  Vergl.   phys.  Studien,"    1880, 

.     Houles:  Jour,  d'hyg.,  Paris,  1879,  iii.,  76. 

'Y'.   160,   170.     Buck:    "Hygiene,"  '=  See  also  Wackenroder:  Arch.  d. 

^.  Y.,  1879,  ii.,  50,  51.     Index  Gat.  Ph.,    1853,    Ixxi.,    9,    and    Gangee: 

i-ibr.  burg.-Gen.,  Wasli.,  iii.,  411.  "Physiol.  Chem.,"  i.,  132. 


708 


TOXICOLOGY WITTHAUS. 


been  supposed.  It  exists  in  traces  in  almost  all  mineral  waters, 
in  sea  water,  in  cereals,^  in  unmanufactured  cocoa,  in  coffee,  in 
potatoes,  in  beans,  in  spinach,  in  salads,  in  different  fruits  and 
berries,  and  in  many  other  vegetable  substances.^ 

We  find  record  of  but  three  cases  in  which  there  is  convincing 
evidence  that  death  was  caused  by  the  ingestion  of  a  copper 
salt.  One  was  Starr's  case^  of  a  woman  suicide  who  died  in  4 
days  and  5  hours  from  the  effects  of  1  ounce  (30  gm.)  of  cupric 
sulfate.  Another  was  Wachholz's  case^  of  another  woman 
suicide,  who  died  of  spasm  of  the  glottis  soon  after  having 
swallowed  a  strong  solution  of  the  sulfate.  The  third  was  von 
Maschka's  case^  of  a  boy  suicide,  set.  16,  who  died  in  7  days 
from  the  effects  of  a  large  dose  of  the  sulfate.  We  have  seen 
reports  of  sixteen  other  alleged  deaths  from  copper  salts.  One 
of  these  is  the  Italian  case  referred  to  below.  In  the  others  the 
causative  relation  of  copper  to  the  death  is  not  clearly  established,' 

1  Galippe  (Ann.  d'hyg.,  etc.,  1883, 
ix.,  128)  found  in  wheat  from  0.005 
to  0.0108  gm.  of  copper  to  the  kilo- 
gram; in  bran,  0.014;  in  wheat 
flour,  0.0084;  in  rye,  0.005;  in  oats, 
0.0084;  in  barley,  0.0108;  and  in 
rice,  0.0016. 

2  See  Tschirch:   Op.  cit.,   3-11. 
=  Med.  Rec,   1882,  xxi.,  564. 
"Ztschr.   f.   Med.    Beamte,    1893, 

vi.,  397. 

*  Wien.  med.  Wchnschr.,  1871, 
xxi.,  628. 

"  Lehmann,  loc.  cit.,  gives  a 
table  of  25  cases  with  10  deaths, 
including  Starr's  and  v.  Maschka's, 
of  which  10  he  discards  5  as  insuffi- 
ciently proven.  Of  the  14  cases 
referred  to  in  the  text,  which  include 
Lehmann's  fatal  cases  other  than 
those  mentioned,  5  were  early 
French  homicidal  cases,  in  the  re- 
ports of  which  the  data  are  entirely 
insufficient  to  warrant  any  conclu- 
sion (Orfila:  Bull,  de  I'Acad.  de 
med.,  1838-9,  iii.,  93,  Aff.  Ritting- 
hausen.  Rey:  These,  Paris,  1S70. 
Aff.  Br(§band.  Chevallier  and 
Lassaigne:  Ann.  d'hvg.,  1S4S,  xxxix  , 
40S.  Orfila:  "Tox.  gfe.,"  5eme  ed., 
ii.,  820,  Aff.  Dupuy.  Roussin  and 
Boudct:  in  Tardieu,  "Empois.," 
26me  ed.,  643).  In  4  the  poison  was 
quite  probably  Paris  green  (Portal: 
"Obs.  s.  1.  eff.  d.  vap.  meph.,"  1787, 
p.    436.      Pyl:     "Samml.    Aufs.    u. 


Beob.,"  1793,  viii.,  85.  [Andral]: 
Bull,  de  th^rap.,  1837,  xii.,  359. 
Siebenhaar:  Ztschr.  f.  d.  Staat- 
sarznk.,  1844,  xlvii.,  188).  In  1 
case  (Gellner:  Prag.  med.  Wchnschr., 
1881,  vi.,  213)  the  report  states  that 
it  is  uncertain  whether  or  no  the 
powder  taken  contained  another 
poison  besides  copper.  An  infant 
3  days  old  died  suddenly,  and  5 
mgm.  of  copper  were  found  in  the 
liver  of  the  cadaver,  but  the  history 
and  findings  at  the  autopsy  were 
quite  consistent  with  death  from 
other  causes  (Schaffer:  Khn.-ther. 
Wchnschr.,  1903,  x.,  1409;  Aerztl. 
Sachverst,  Ztg.,  1903,  ix.,  418).  In 
the  aff.  Moreau  (Bergeron  and 
I'Hote:  J.  de.  chim.  med.,  1874, 
xlviii.,  503),  a  double  homicide,  the 
experts  declared  for  a  poisoning  by 
copper  solely  upon  the  finding  of 
30 . 4  mgm.  of  copper  in  472  gm.  of 
the  liver  of  one  cadaver,  and  21.5 
mgm.  Cu  in  516  gm.  in  that  of  the 
other,  quantities  quite  insufficient 
to  form  the  sole  foundation  of  the 
conclusion  that  copper  was  the  cause 
of  death.  In  commenting  on  this 
affaire,  Chapius  ("Prfeis  de  tox.,' 
2eme  ed.,  223)  states  that  Bourneville 
and  Yvon  found  295  mgm.  Cu  m 
the  liver  of  an  epileptic  woman,  who 
had  taken  43  gm.  of  cupric  sulfate 
during  4  months.  In  an  account  of 
a  homicidal  case  given  by  Roussm 
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although  they  are  more  worthy  of  consideration  than  are  many 
others  in  which  another  cause  of  death  is  more  probable,  or  in 
which  the  causal  connection  of  copper  is  trivial.^  Notwith- 
standing the  distrust  awakened  by  the  great  number  of  alleged 
cases  of  cupric  poisoning,  the  reports  of  which  are  based  upon 
flimsy  or  insufficient  evidence,  we  must  concede  that  the  three 
referred  to  above  afford  sufficient  ground  for  the  belief  that, 
when  taken  in  sufficient  amount,  the  salts  of  copper  are  capable 
of  causing  severe  poisoning  and  death,  and  to  warrant  the  state- 
ments of  Lehmann  that  "  doses  of  30  gm.  of  a  copper  salt 
may  cause  death,  behaving  like  any  substance  causing  severe 
gastro-enteritis.  In  many  cases  such  doses  have  been  taken 
and  only  caused  illness,  with  recovery  in  3  to  8  days.  There  is 
no  case  in  literature  in  which  4  to  8  gm.  of  copper  salt  (=1  to  2 
gm.  Cu),  taken  in  one  dose,  has  caused  the  death  of  a  healthy 
individual.  Such  doses  only  cause  moderate  illness.  They 
are  too  small  for  suicides  and  too  large  for  homicides." 

The  radical  opposite  vieW'  of  Galippe,  that  copper  is  under 
no  circumstances  capable  of  destrojdng  human  life,  is  certainly 
not  tenable,  although  Galippe  maintained  it  in  favor  of  the 
defense  in  a  comparatively  recent  Italian  case.  In  this  instance^ 
the  eviscerated  cadaver  of  a  woman  was  sent  in  a  trunk  from 

andBoudet(Tardieu:  "Emp.,"  2^me  numerous  cases,  mostly  French,  in 
ed.,  643)  we  are  told  nothing,  of  the  which  death  was  attributed  to  con- 
symptoms  or  autopsy,  or  of  the  tamination  of  food  articles  by 
quantity  of  copper  found  in  the  copper  utensils,  and  in  which  the 
viscera  beyond  that  it  was  "tres-  poisoning  was  much  more  probably 
notable."  In  von.  Maschka's  second  caused  by  putrid  products.  As 
case  (Vrtljschr.  f.  ger.  Med.,  1883,  examples  of  the  present  century  we 
xxxix.,  55),  although  the  dose  said  to  mav  cite  2  cases:  Calet  (Clinique, 
have  been  taken,  about  30  gm.,  1903,  xvii.,  833)  reports  two  cases  of 
was  sufficient  to  have  caused  death,  "poisoning  by  copper,"  and  calmly 
the  duration  of  life,  10  hours,  is  too  tells  us  that  they  took  Paris  green, 
long  for  death  by  local  action  as  in  Horoszkiewicz  (Vrtljschr.  f.  ger. 
Wachholz's  case,  and  too  short  for  Med.,  1903,  3F.,  xxv.,  1)  reportsthree 
the  truly  poisonous  action  as  shown  "  poisonings  by  salts  of  copper  "  in 
in  Starr's  and  Von  Maschka's  first  which  the  only  evidence  that  the 
case.  Unfortunately  there  was  no  appearances  observed  at  the  autopsy 
quantitative  determination  of  the  were  caused  by  copper  was  a  green- 
copper  found  in  the  stomach,  and  no  ish-blue  color  of  the  gastric  contents 
analysis  of  the  other  organs.  In  and  mucous  membrane  in  one  case, 
.9.^'^^  case  (Indian  M.  Rec,  1895,  and  the  formation  of  a  thin  film  of 
viu.,  256)  of  the  death  of  a  woman  copper  on  a  knife-blade  stuck  into 
ift  '^^iMstration  of  cupric  the  stomach  contents  in  another, 
sulfate  by  enema,  the  fatal  result  No  histories,  no  analyses,  no  dosage, 
was  properly  attributed  to  "  natural  "  no  nothing." 

"^f-^s.  2  Pg  Crecchio:  Giorn.  di  med.  leg., 

We  leave  out  of  consideration  1894,  i.,  209,  257. 
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Naples  to  a  fictitious  address  in  Rome.  The  internal  organs  were 
afterward  found  in  Naples.  One-half  of  the  organs  on  analysis 
yielded  3.468  gni.  of  copper,  or  6.936  gm.  for  the  whole.  TJie 
separation  of  this  quantity,  corresponding  to  27.22  gm.  (420  gr.) 
of  crystallized  cupric  sulfate,  keeping  in  mind  the  emesis  produced 
by  this  poison  and  the  fact  that  extraction,  even  from  an  entire 
cadaver,  is  never  complete,  abundantly  warranted  the  evidence 
of  the  expert  that,  barring  post-mortem  introduction,  a  lethal 
dose  had  been  taken.  Robert'  refers  to  a  case  tried  at  Custrow, 
in  Germany,  in  1902,  in'  which  the  defendant  was  sentenced  to 
death  for  the  murder  of  a  six  months'  infant  by  a  salt  of  copper. 
We  have  selected  from  over  100  reports  of  alleged  cupric 
poisoning  42  in  which  there  is  more  or  less  convincing  evidence 
that  the  effects  observed  were  caused  by  the  salts  of  copper. 
In  these  we  include  all  of  Lehmann's  2.5  cases,  although  a  few  of 
these,  dating  from  the  eighteenth  century,  are  questionable.  In 
one  case^  copper  sulfate  was  applied,  mixed  with  milk,  to  the 
scalp  for  eczema,  and  caused  severe  poisoning,  with  vomiting  of 
blue  material,  copious  diarrhoea,  and  epigastric  pain.  In  another' 
a  simple-minded  woman  of  23  inserted  a  crystal  of  cupric  sulfate 
into  her  vagina  in  self-treatment  of  a  constipation  of  14  days' 
standing,  and  suffered  extreme  local  excoriation.  The  woman 
was  not  gravid,  but  Kiihn  states  that  copper  sulfate  is  not  in- 
frequently used  in  that  part  of  Germany  as  an  abortifacient. 
He,  however,  cites  no  case,  nor  do  Lewin  and  Brenning  in  their 
monograph.*  Of  the  40  cases  of  internal  administration  4  were 
accidental,'  19  suicidal,"  15  homicidal,^  and  in  2  the  intent  is 

'Aerztl:    Sachverst,    Ztg.,    1903,  Amer.  ed.,  42S.     Reinhardt:  Ztschr. 

ix.,  374.  f.     Staatsarznk.,     1854,     Ixviii.,    6. 

^Spannbauer:      Wien.      med.  Raleish,  cited  bv  Reinhardt.   Eleven 

Wchnsohr.,  1904,  liv.,  2019.  took  "the   sulfate,   five  died:   Bour- 

^  Kuhn:    Vrtljschr.    f.   ger.    ;Med.,  gogne:  J.  de  chim.  med.,  1S27,  iii., 

1899,  3  F.,  xvii.,  233.  659.     Bull,  de  therap.,  1S37,  xii.,  359, 

*  "Fruchtabtr.  d.  Gifte,"  1899.  D.     Bouisson:  J.  de  conn.  mM.  et 

=  Portal;   Loc.  cit.    Drouard:  Th.,  chir.,  1847.    v.  ilaschka:  Wien.  med. 

Paris,    1802,    p.    391,    verdigris,   R.  Wchnschr.,     1871,     xxi.,     628,    D. 

Siebenhaar:  Loc.  cit.    Dubest:  Gaz.  Martin:   Th.,  Paris,  1878.     Gellner: 

d.  hop.,   1877,  298.  Loc.    cit.,     D.    Starr:    Loc.  cit.,  D. 

»  Of  these  eight  took  the  acetate  or  K<5tli:      Pest.      med.-chir.      Presse, 

subacetate,  and  one  died:  Pvl:  Loc.  1883,  xix,,  310.    Wachholz:  Loc.  cit., 

cit..D.     Duval:  "Diss.  s.  la  Tox.,"  D.    Xeff:  Kansas  City  Med.  Index- 

1808.     Parise:   Gaz.  de  sanU,  1820.  Lane,    1903,   xxiv.,    206,  a  "corn- 

Picquet    de    la     Housiette:     Orfila,  cure."  Pollack:  Mitth.  d.  Ges.  f.  inn. 

"Tox.  g6n.,"  56me  ed.,  i.,  735.     Bar-  Med.  in  Wien,  1909,  viii.,  3. 

bet  LartiRue:  Bull,  de  therap.,  1843,  '  Of  these  10  were  French:  Orfila: 

xxvi.,  3S!).     Taylor:  "Poisons,"  3d.  Loc.  cit.,   Aff.  Rittinghausen,  1838, 
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not  stated.'  Tardieu/  in  his  table  of  criminal  poisonings  in 
France,  1851-1871,  gives  the  number  by  copper  salts  as  159 
(exceeded  only  by  arsenic  and  phosphorus),  but  of  these  we  can 
learn  nothing  further  than  the  mere  mention  of  their  alleged 
occurrence,  except  in  four  instances.  In  all  probabihty  most  of 
them  were  food  poisonings,  or  unsuccessful  attempts. 

The  lethal  dose  of  cupric  sulfate  is  very  differently  stated 
by  different  writers  from  v.  Hasselt,^  who  places  it  at  0.4  to 
0.5  gm.  (6  to  8  gr.),  to  Bocker,"  who  states  it  as  35  to  70  gm. 
(1  to  2  "  unzen  ") .  The  medicinal  dose  as  an  emetic  is  0 . 7  to  1.0 
gm.  (10  to  15  gr.).  The  only  undoubted  fatal  cupric  poisoning  in 
which  the  dose  taken  is  stated  is  that  of  Starr^  in  which  it  was 
one  ounce  (31  gm.)  of  sulfate.  On  the  other  hand,  in  K^tli's 
case,^  120  gm.  (nearly  4  ounces)  did  not  cause  death. 

The  symptoms  of  copper  poisoning,  like  those  due  to  zinc, 
mercury,  etc.,  are  partly  local  and  referable  to  its  action  upon 
the  alimentary  canal,  and  partly  those  of  true  poisoning.  The 
taste  would  be  observed  by  an  adult  in  the  possession  of  his  fac- 
ulties. Epigastric  pain,  extending  to  the  abdomen,  is  an  early 
symptom,  and  is  accompanied  by  repeated  vomiting  of  greenish 
matters,  which  are  turned  blue  on  addition  of  ammonium  hy- 
droxid.  There  is  purging,  the  stools  being  liquid,  brown  in 
color,  and  not  bloody.  Cramps  in  the  legs  occur  early,  and  are 
frequently  very  severe.  The  pulse  in  the  earlier  stages  is  full  and 
strong,  soon  becoming  more  feeble,  smaller,  and  more  rapid. 
The  respiration  is  normal.  The  patient  becomes  very  weak  and 
suffers  from  frontal  headache.     If  the  case  be  prolonged,  there 

death  by  typhoid  fever.     Rey:  Loc.  English,    all    unsuccessful:    Taylor: 

cit.,  Cu  in  vomit,   not  in  cadaver,  "Poisons"  3d.  Amer.  ed.,  433,  Reg. 

Aff.  Breband,  1845.     Chevallier  and  vs.       Smith,       1856.         Stevenson: 

Lassaigne:  Loc.  cit.,  0.08  gm.  CuS  Taylor's  "Med.  Jur.,"    11th   Amer. 

from  100  gm.  liver.     Orfila:  "Tox.  ed.,  150,  Reg.  vs.  Mary  Baker,  1874, 

g^n.,"  Seme  ed.,  i.,  820,  Aff.  Dupuy,  Reg.  vs.  Reynolds,  1886.     One  was 

1851,  cupno  acetate  in  stomach  and  German:  Schaffer:  Loc.  cit.;  and  one 

sulfuric  acid  in  rectum.     Rey:  Loc.  Italian:  De  Crecohio:  Loc.   cit. 

cit.,   Aff.    Gueho,    unsuccessful    at-  '  Fredet,   cited  by  Rey:  Loc.  cit. 

tempt,  cupric  sulfate  in  soup.     Ber-  v.  Mashka:  Loc.  cit. 

geron  and  I'Hote:  see  note  6,  p.  708.  ^  "Empoisonnements,"  2eme  ed., 

Roussm     and     Boudet:     Loc.     cit.  165. 

Tardieu,    Lorain    and    Roussin,    in  ^"Handb.    d.     Gittlehre,"     1862, 

lardieu:  "Empois.,"  2eme  ed.,  648,  ii.,  273. 

Aff.  Lapeyre,  1866,  unsuccessful  at-  -"'Lehrb.    d.    ger.    Med.,"    1857, 

tempt,  cupric  sulfate  in  wine.  Gaz.  p.  243. 

a.  tribun.,  1872,  July  7,  unsuccess-  ^  Loc.  cit. 

lul  attempt  in  milk.     Three   were 
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is  a  decided  improvement  in  the  patient's  condition,  which  has 
also  been  observed  in  experiments  upon  animals.  Then  there 
is  hypogastric  pain,  frequent,  scanty  micturition,  accompanied 
by  urethral  pain,  and  with  diminution  in  the  quantity  of  urine. 
The  urine  passed  is  dark  in  color,  almost  black,  cloudy,  acid, 
contains  a  large  quantity  of  albumin,  deposits  a  sediment  con- 
sisting of  granular  material  and  epithelial  casts,  but  no  blood 
corpuscles,  and  shows  the  oxyhsemoglobin  bands  before  the 
spectroscope.  Later  there  is  jaundice,  and  the  pain  is  more 
marked  in  the  hepatic  region.  The  patient  becomes  weaker 
and  weaker  and  more  somnolent,  the  abdomen  tender  to  pressure 
throughout,  the  jaundice  increases,  and  toward  the  end  the  in- 
tellectual capacity,  which  has  hitherto  remained  unimpaired, 
becomes  affected;  the  power  of  co-ordination  is  diminished,  as 
well  as  the  sensibility,  and  a  condition  of  semi-coma  is  estab- 
lished; the  pupils  become  contracted  and  insensible  to  light, 
and  death  follows  in  coma  and  complete  paralysis.'  In  Pollack's 
case  the  condition  at  one  time  resembled  that  of  pernicious 
anzemia;  on  the  fifth  day  the  blood  count  showed  1,292,000  red 
cells,  and  62,000  white  cells  in  a  woman  of  20  years. ^ 

The  treatment  should  consist  in  washing  out  the  stomach 
with  water  containing  potassium  ferrocyanid  (to  produce  the 
brown,  insoluble  cupric  ferrocyanid)  and  in  the  administration 
of  stimulants,  hypodermically  if  necessary,  and  of  nutritive 
enemata. 

The  post-mortem  appearances  are  not  characteristic  except 
in  one  point,  if  it  be  present:  the  mucous  surface  of  the 
alimentary  canal  and  its  contents  may  be  greenish  or  distinctly 
green,  and  the  color  changes  to  blue  on  the  addition  of  aqua  am- 
moniae.  A  greenish  tinge  may  be  due  to  bile,  but  it  does  not 
turn  blue  on  addition  of  ammonia.  Besides  this  the  entire  ali- 
mentary mucous  membrane,  from  mouth  to  anus,  may  be  red- 
dened, swollen,  ecchymosed,  and  even  ulcerated — indeed,  the 
rectum  has  been  said  to  have  been  perforated.  If  the  case  have 
been  one  of  long  duration  the  liver  is  found  to  be  fatty,  and  the 
kidneys  are  the  seat  of  parenchymatous  nephritis.  The  skin 
may  be  icteric,  and  putrefaction  is  apparently  delayed. 

Analysis. — The  detection  of    copper  presents  no  difficulties; 

'  For    a    detailed    account    of    a  =  Mitth.  d.  Ges.  f.  inn.   Med.  .  . 

typical  case  see  iStarr:  Loc.  cit.  in  Wien,  1909,  viii.,  3. 
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but  the  interpretation  of  the  results  requires  caution.  As  we 
have  said,  copper  is  so  frequently  present  in  the  human  body 
that  it  must  be  considered  as  innocent,  if  not  normal,  unless 
the  quantity  be  ex;cessive.  On  the  other  hand,  an  inevitable 
effect  of  large  doses  of  copper  salts  is  to  provoke  frequent  vom- 
iting, by  which  the  major  part  of  a  large  dose  taken  into  the 
stomach  is  expelled.  An  analysis  of  the  vomited  matters  is 
therefore  of  prime  importance.  Of  absorbed  copper  the  largest 
amount  is  found  in  the  liver,  whether  it  be  "  normal"  or  "toxic. " 
Raoult  and  Breton^  found  0.005  gm.  copper  per  kilogram  of 
"normal"  copper  in  one  liver,  and  0.015  gm.  in  another.  Ber- 
geron and  I'Hote^  found  0.001  and  0.003  gm.  copper  in  two 
" normal"  livers.  After  medicinal  treatment  with  cupric  salts 
the  quantity  in  the  liver  increases  greatly.  Thus  Bourneville 
and  Yvon^  found  as  much  as  0.295  gm.  of  copper  in  the  liver 
of  an  epileptic  woman  who  had  taken  43  gm.  of  cupric  sulfate 
in  4  months.  In  the  Affaire  Moreau,  in  which  the  livers  of  the 
two  women  supposed  to  have  been  poisoned  were  found  to  con- 
tain 0.12  and  0.08  gm.  of  copper  respectively,*  the  inference 
drawn  from  the  quantity  should  have  been  that  this  quantity 
might  be  accounted  for  by  medicinal  or  criminal  administration, 
but  not  by  ordinary  "physiological"  absorption. 

In  the  systematic  method  of  analysis  (see  page  191)  copper, 
if  present,  is  found  for  the  most  part  in  the  extract  IV.,  partly 
in  the  insoluble  residue  V.^  That  portion  in  the  extract  is  sepa- 
rated as  cupric  oxid  in  the  subsequent  fusion,  and  separated  from 
antimony  and  tin  in  the  manner  described  on  pages  195,  372, 
374,  379.  That  portion  remaining  in  the  residue  V.  (see  page 
194)  is  separated  from  mercury  and  bismuth  by  solution  in 
nitric  acid,  and  dilution  with  water  as  described  on  page  195. 
The  solution,  which  may  contain  lead  and  cadmium,  besides 
copper,  is  treated  with  excess  of  sulfuric  acid,  heated  until  white 
fumes  begin  to  be  given  off,  cooled,  treated  with  water,  and 
filtered  immediately.  If  lead  be  present  it  remains  upon  the 
filter  as  the  white  lead  sulfate.     The  filtrate  may  contain  cad- 

'  J.  de  ph.  et  de  chim.,  1878,  4  s.,  in  the  absence  of  mercury,  by  sub- 

'^''J:'  flS-  stituting  sodium  sulfid  for  ammo- 

3  f^^;  1875,  4  s.,  xxi.,  252.  nium    sulfid,    but    in   toxicological 

,  (°™-i  p.  236.  analysis  this  is  not  permissible,  as 

Bergeron  and  I'Hote:  Loc.  cit.  the  object  is  not  fully  attained,  and 

.    In  ordinary  analysis   this   divi-  the  separation  of  mercury  is  inter- 

sion  of  the  copper  may  be  obviated,  fered  with. 


714  TOXICOLOGY WITTHAUS. 

mium  and  copper.  These  are  to  be  reprecipitated  by  hydrogen 
sulfid,  and  the  sulfide  boiled  with  dilute  sulfuric  acid  (1:5),  al- 
lowed to  stand  a  short  time,  and  filtered.  The  cupric  sulfid  re- 
mains undissolved,  while  the  cadmium  passes  into  solution. 
The  black  copper  sulfid  is  dissolved  in  hot  dilute  nitric  acid,  sul- 
furic acid  is  added  to  the  solution,  which  is  evaporated  to  near 
dryness,  the  residue  is  heated  to  expulsion  of  nitric  acid,  and 
dissolved  in  water.  The  solution  is  transferred  to  a  weighed 
platinum  capsule  and  a  bar  of  zinc  is  added.*  When  the  liquid 
has  become  colorless  and  a  drop  on  a  white  surface  gives  no  color 
with  potassium  ferrocyanid  the  liquid  and  remaining  zinc  are  re- 
moved, the  copper,  adherent  to  the  platinum,  is  washed  with  water, 
alcohol,  and  ether  in  turn,  dried  in  the  desiccator,  and  weighed. 
The  detection  of  copper  in  articles  of  food,  etc.,  may  be 
readily  effected  by  acidulation  with  dilute  sulfuric  acid  and 
introduction  of  a  plate  of  bright  iron,  when  the  copper  is  de- 
posited upon  the  iron.  Or  with  pickles,  a  knitting  needle  stuck 
into  the  pickle  becomes  similarly  coated. 

Tests  for  Copper. — The  identification  is  usually  sufficiently 
complete  from  the  formation  and  behavior  of  the  black  sulfid, 
and  the  appearance  of  the  deposited  metal.  Other  tests  are: 
1.  Potassium  or  sodium  hydroxid  produces  a  pale  blue  precipi- 
tate, insoluble  in  excess  of  the  precipitant  (except  in  the  presence 
of  certain  organic  substances,  such  as  tartaric  acid,  glucose,  etc.), 
which  turns  black  either  on  prolonged  standing  or  on  heating 
the  liquid.  2.  Ammonium  hydroxid  produces  a  similar  blue 
precipitate  which  readily  dissolves,  however,  in  excess  of  the 
precipitant,  forming  a  deep  blue  solution.  3.  Potassium  ferro- 
cyanid produces  in  moderately  dilute  acid  solutions  a  red-brown 
precipitate,  in  very  dilute  solutions  a  brown  color.  4.  Cupric 
salts  produce  a  yellow  color  with  potassium  iodid,  or  a  blue  color 
with  potassium  iodid  and  starch  paste.  This  reaction,  which  is 
very  deHcate,  is  not  available  in  the  presence  of  other  substances 
.  which  liberate  iodin  from  potassium  iodid. 

'■  If  an  electric  current  be  avail-  adding  a  cold  saturated  solution  of 

able  it  is  better  to  add  to  the  solu-  oxalic      acid]     guttatim     after     the 

tion,  which  should  measure  120  c.c.  current  has  passed  3  to  5  minutes, 

and  be  heated  to  80°,  4  gm.  ammo-  When   the   deposition  is  complete, 

nium^  oxalate  in  saturated  aqueous  usually    in    2    hours,    the    washing 

solution,    make   the   platinum   dish  with    water    is    conducted    without 

the  cathode,  and  electrolyze  with  a  arresting    the    current, 
current   of    1    A.    and    2  .i-3.2    V., 
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LEAD. 
ACUTE  POISONING. 

Although  it  appears  from  the  statistical  table  on  page  72 
that  lead  poisoning  is  more  frequently  referred  to  in  medical 
literature  than  that  by  any  other  toxic  agent,  these  poisonings 
are  for  the  most  part  chronic  and  industrial,  and  although  the 
subject  of  lead  poisoning  is  one  of  great  medical  and  hygienic 
interest,  it  is  one  of  very  slight  forensic  importance,  as  acute 
lead  poisonings  are  of  very  rare  occurrence  and  almost  always 
terminate  in  recovery.  Homicidal  poisonings  by  lead  com- 
pounds are  of  most  exceptional  occurrence.  In  Tardieu's  table 
of  criminal  poisonings  in  France,  1851-63,  there  is  but  1  case 
of  poisoning  by  lead  acetate  (1854),  while  Hugounenq'  states 
that  but  9  cases  of  criminal  lead  poisoning  occurred  in  France 
in  60  years.  We  find  mention  in  medical  literature  of  but  12 
cases  of  alleged  homicidal  lead  poisoning,  of  which  8  were  in 
England,^  1  in  Germany,^  1  in  Austria,*  1  in  France,^  and  1  in 
Algeria;"  in  all  but  1  of  which  lead  was  alleged  to  have  been 
administered  as    acetate  or  subacetate. 

White  lead  has  long  been  used  to  produce  abortion.'  Lewin 
and  Brenning^  give  6  cases  of  abortion  by  lead  compounds,  3  by 
white  lead,  2  by  litharge,  and  one  by  diachylon.  Since  1893 
many  cases  have  been  reported  from  the  midland  counties  of 
England  in  which  lead  poisoning  of  varying  degrees  of  severity, 
and  several  deaths  resulted  from  the  use  of  diachylon  pills  taken 
as  an  abortifacient,  or  in  the  belief  that  conception  might  be 
prevented.' 

'  "Poisons,"  Paris,  1891,  p,  89.  lor  on  a  charge  of  murder  by  lead 

^Christison:  "Poisons,"  Am.  ed.,  carbonate  is  noticed. 

396(1827).     Taylor:  "Poisons,"  3d  'Schniewind:     Vrtljschr.    f.    ger. 

Am.  ed.,  404,  405  (Reg.  v.  Edwards,  Med.,  1862,  xxi.,  277. 

1844;  Reg.  v.  Hume,   1847).     Lon-  *  Maschka:    Wien.    med.    Wchn- 

don  M.   Gaz.,   1850,   n.   s.,   x.,   476  schr.,  1871,  xxi.,  312. 

(Reg.  D.  Bridget  Mann,  1850).     Ph.  =Flandin:     "Poisons,"     ii.,     311; 

J.  and  Tr.,  1859-60,  n.   s.,   i.,   342  Orfila:     "Tox.  gen.,"   Seme  ed.,  i., 

(Reg.  V.  Keefe  and  Turner,   1859).  886,  896  (Aff.  Pouchon,  1843). 

Lancet,    1882,    ii.,    1087     (Reg.    v.  "J.  de  chim.  med.,  etc.,   1849,   2 

Louisa  Jane  Taylor,  1882).     In  the  s.,  x.,  385  (Aff.  Merle,  1832). 

J-  de  chim.  m6d.,  etc.,   1849,   2  s.,  'See  vol.  ii.,  pp.  375,  406. 

X.,  82,  is  a  mention  of  an  English  *  "Fruchtabtr.    d.    Gifte,"    1899, 

case  of  Jos.  Taylor,  and  in  the  Ph.  180. 

J.  and  Tr.,  1858-59,  xviii.,  293,  the  "Pope:    Brit.   M.   J.,   1893,   ii.,   9 

commitment  of  Ann  and  Chas.  Tay-  (2      cases,      2     deaths).     Crooke: 
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Lead  acetate — sugar  of  lead — salt  of  Saturn — Plumbi  acetas, 
U.  S.  P.— Pb( C2H3 02)2 +3Aq.— 324.11+53.88— crystallizes 
in  large,  oblique  rhombic  prisms,  sweetish  with  a  metallic 
after-taste;  soluble  in  1.8  parts  of  water  at  15°  (59°  F.),  in 
0.5  part  of  boiling  water,  or  in  8  parts  of  alcohol  at  15°  (59° F.). 
Its  solutions  are  acid.  It  effloresces  in  air  and  is  superficially 
converted  into  carbonate. 

Sexbasic  lead  acetate— Pb(C2H30,)OH,2PbO— 726.91—  is 
the  main  constituent  of  Goulard's  solution  =  Liq.  plumbi  sub- 
acetatis,  U.  S.  P.,  which  is  a  colorless  Hquid,  sp.  gr.  1.228,  of 
a  sweetish,  astringent  taste,  containing  about  twenty-five  per 
cent,  of  the  subacetate.  It  becomes  milky  on  exposure  to  air 
from  formation  of  the  carbonate.  If  made  with  ordinary  water, 
containing  carbonates  and  sulfates  it  is  milky  {eau  blanche). 

White  lead — Plumbi  carbonas,  U.  S.  P. — in  a  basic  car- 
bonate, usually  of  the  composition  (PbC03)2,  PbHjOj,  which 
is  very  extensively  used  in  oil  painting  and  to  a  limited  extent, 
mixed  with  lard,  as  an  ointment.  Although  it  is  one  of  the  most 
prolific  sources  of  chronic  lead  poisoning  it  is  not  sufficiently 
soluble  to  provoke  serious  acute  effects.  Snow'  reports  the 
death  of  a  child  of  5  years  90  hours  after  swallowing  a  piece 
of  white  lead  of  the  size  of  a  small  marble,  ground  in  oil,  in  which 
lead  poisoning  was  at  least  a  contributory  cause  of  death.  This 
and  the  homicidal  case  referred  to  in  a  previous  note  are  the 
only  fatal  cases  of  which  we  find  record.  In  two  other  instances 
adults  suffered  the  symptoms  of  poisoning  from  doses  of  20  to  23^ 
and  23  to  31'  gm.  (  5  to  6  and  6  to  80)  but  recovered;  and 
Christison''  cites  two  cases  in  which  30  and  45  gm.  (1  and  IJ  B) 
were  taken  by  adults  without  producing  any  effects  whatever. 

Lancet,  1898,  ii.,  255.  Taylor:  76id.,  p.  499  (2  cases).  Wrangham: 
Ibid.,  p.  742.  Branson:  Brit,  M.  J.,  Ibid.,  p.  556.  Jollye:  Ibid.,  p.  620. 
1899,  ii.,  1593.  Ransom:  Ibid.,  Rex.  v.  Seagrave,  alias  Wardle, 
i.,  1590,  ii.,  201  (7  cases).  Wrang-  Lancet,  1906,  ii.,  248,  387,  1681. 
ham:  Ibid.,  1901,  ii.,  72  (5  cases,  2  Warner:  Ibid.,  1907,  ii.,  83.  Parry- 
deaths).  Scott:  Quarterly  Med.  J.,  Jones:  Ibid.,  1908,  i.,  1079;  (3  cases, 
1901-2,  X.,  148  (ref.  to  11  cases).  2  deaths).  Inquest:  Pharm.  J., 
Jacob  and  Trotman:  Brit.  M.  J.,  1908,  4  s.,  xxvi.,  337  Hay:  Brit. 
1903,  242  (ref.  to  IS  cases).  M.  J.,  1909,  i.,  214  (3  cases).  Hall: 
Layton:  /bid.,  p.  849.  Sail:  Ibid.,  Ibid., -p. 277.  Heaney: /Md.,p.  1062. 
1905,  i.,  584  (30  cases).  Stones:  'Lancet,  ii.,  1844,  144. 
Ibid.,  1905,  ii.,  130.  Gill:  Ibid.,  p.  ^  Schubert:  Wchnschr.  f.  d.  ges. 
1642.  Nutt:  Thesis,  Edinburgh,  Heilk.,  1844,  588. 
1905.  Hall  and  Ransom:  Brit.  M.  'Cross:  London  Med.  Times, 
J.,  1906,  i.,  428  (6  cases,  6  deaths,  1839,  i.,  786. 
ref.   to   about   200   others).     Little:  ^  "Poisons,"  Am.  ed'.,  428. 
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The  lethal  dose  of  either  of  the  above  compounds  of  lead  is 
not  known,  certainly  it  is  not  small,  as  cases  are  reported  in 
which  30  gm.  (IB)  of  the  acetate  were  swallowed  without 
causing  death,'  and  1  case^  of  a  woman  who  took  three-quarters 
of  a  pint  of  the  solution,  containing  about  110  gm.  (3^  S)  of 
the  subacetate,  and  recovered. 

We  have  found  record  of  44  alleged  deaths  from  acute  lead 
poisoning  in  124  cases.  Of  these  10  were  supposed  homicides, 
in  which  nothing  is  known  with  certainty  as  to  the  doses,  except 
that  in  2  cases  the  administration  was  by  repeated  doses  to  an 
aged  woman,^  and  to  a  man  of  69  years.''  In  the  case  of  the 
death  of  an  infant  of  three  weeks  in  which  8  mgm.  of  lead  were 
extracted  from  the  viscera  the  experts  did  not  agree  as  to  the 
cause  of  death.  ^  Four  unsuccessful  attempts  at  homicide  by  lead 
compounds  are  also  recorded."  Of  the  33  non-homicidal  cases 
27  were  in  adults.  Of  these  2  are  early  cases,  1  of  a  man  who  died 
on  the  third  day  after  having  taken  an  unstated  quantity  of  sub- 
acetate  solution;^  the  other  that  of  a  woman  of  40  years  who  is  said 
to  have  died  in  8  months  (!)  from  the  effects  of  5iij.  (11.7  gm.)  of 
the  acetate.*  A  somewhat  more  modern  case  was  that  of  a 
woman  who  is  said  to  have  died  in  8  days  after  having  accidentally 
swallowed  an  unstated  quantity  of  the  same  salt.*  Three  instances 
of  death  in  females  who  took  lead  carbonate  to  cause  abortion 


'Gorringe:    Prov.     M.     and     S.  (Reg.    v.    Edwards,     1844).     [Geo- 

Jour.,     1846,      181      (two      cases).  ghegan]:  Lond.  M.  Gaz.,  1850,  n.  s., 

Leared:    Med.    Times     and     Gaz.,  x.,    476    (Reg.    v.    Bridget    Mann). 

1858,  i.,  296.  Pharm.  J.  and  Trans.,  1858-9,  xviii, 

*Aldis,  Ibid.,  1860,  i.,  34.  293    (Reg.   v.  Taylor  and  Taylor). 

'Stevenson:    Lancet.,     1882,    ii.,  Schniewind:  Vrtljschr.  f.  ger.  Med., 

1087;  Reg.  v.  Louisa  Jane  Taylor,  1862,    xxi.,    277,    woman  poisoned 

1882.  husband    and    daughter   with   lead 

*Maschka:     "Samml.      Gutacht.  acetate. 

Prag.  med.  Fak.,"  1873,  4  F.,  253.  "Christison:  "Poisons,"  Am.  ed.. 

In  an  English  trial  for  attempted  396  (1827).    Taylor:   "Poisons,"  3d 

murder  the  extraordinary  claim  ap-  Am.  ed.,  405    (Reg.  v.  Hume,  1847). 

pears  to  have  been  set  up  by  the  Pharm.  J.  and  Tr.,  1859-60,  n.  s., 

prosecution   that    26^    grains    (1,7  i.,  342  (Reg.  v.  Keefe  and  Turner, 

gm)  of  the  acetate  were  sufficient  1859.     Ibid.,  n.  s.,  1861-2,  n.s.,  iii., 

"^destroy  the  life  of  an  adult.  628    (Reg.   v.    Benmore,    1862). 

I^rey:    Aerztl.     Sachverst.  Ztg.,  '  Kerchhoff :    'iTnroKpdrTis,   Rotter- 

1898,   IV.,    345.     The    other    seven  dam,  1817,  iii.,  143.     Orfila:  "Tox. 

cases    are    reported     by     Flandin:  g6n.,"  5eme  ed.,  i.,  838. 

„7'fons^"  ii-,    311    (Aff.  Pouchon,  «  Lancet,  1828-29,  ii.,  234. 

\oA/^   JJesbri^re:  J.  de  chim.  m^d.,  »  Boston  M.  and  S.  Jour.,   1852, 

1844.   2   s.,    X.,    385    (Aff.    Merle).  xlvi.,  74. 


iaylor:  "Poisons;  3d   Am.  ed.,  404 
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are  reported:  1  took  45  gm.  (nearly  Biiss.).'  Another  woman 
died  in  three  days  from  the  effects  of  litharge  taken  for  the  same 
purpose.-  Sixteen  women  who  took  diachylon  to  cause  abortion 
died.^  An  early  instance  was  the  poisoning  of  a  family  of  9 
persons  by  lead  carbonate  accidentally  mixed  with  sugar:  2 
adults  and  2  children  died,  the  former  in  3  and  4  months', 
the  latter  in  24  hours  and  2  weeks/  Freyer's  case  is  therefore 
the  only  recent  one  in  which  the  dose  is  known.  Four  gm. 
(62  gr.)  of  lead  acetate  medicinally  administered  to  a  phthisical 
woman  during  18  days  contributed  to  causing  her  death. ^  No 
dose  is  mentioned  in  2  of  the  5  other  cases  in  children;  one  is  that 
by  the  carbonate  already  referred  to;  another  that  of  an  infant  of 
8  days  said  to  have  died  from  the  effects  of  "  Eau  de  M.  Dela- 
cour,"  which  had  been  applied  to  the  nurse's  breast."  The 
remaining  case  was  also  in  an  infant  who  died  in  2  days  from 
the  effects  of  eau  blanche  given  internally  by  misadventure 
by  an  ignorant  person.  The  dose  stated  (apparently  upon 
the  evidence  of  the  person  who  gave  it)  was  2  coffee-spoonfuls.' 
This  quantity,  about  8  c.c,  would  contain  about  2.5  gm.,  or  38 
gr.  of  the  subacetate. 

Ssrmptoms. — Apart  from  the  sweetish  and  somewhat  me- 
tallic taste  of  soluble  lead  compounds,  which  would  be  observed 
at  the  time  of  ingestion,  a  large  dose  of  acetate  or  subacetate 
would  cause  vomiting  within  a  few  minutes,  certainly  within 
"  half  an  hour,  unless  the  poison  were  taken  into  a  full  stomach 
or  by  a  person  under  the  influence  of  alcohol,  when  it  might  be 
delayed  for  an  hour  or  two.  The  vomited  matters  are  white  or 
tinged  with  blood,  and  vomiting  is  persistent  and  furthered  by 
the  liquids  which  thirst  prompts  the  patient  to  take.  There  is 
also  colic-like  paroxysmal  abdominal  pain,  diminished  by  pres- 
sure. Purging  has  occurred,  although  sometimes  there  is  con- 
stipation. The  stools  may  be  dark  or  black  from  formation  of 
lead  sulfid.     The  tongue  is  coated,  and  the  breath  very  foetid, 

'Freyer:  Ztschr.  f.  Med.-Beamte,  *  Deering:  Tr.   M.   Soc,  London, 

1888,  i.,  2:31.     The  dose  is  not  stated  ISIO,  i.,  Pt.  i.,  64. 

in    the   other.     Casper:    Wchnschr.  *  Israel:      Allg.     med.     Cnt.-Ztg., 

f.  d.  ges.  Hlk.,  1838,  457.    von  Mas-  1895,  Ixiv.,  654. 

chka:  "Samml.  Gutacht.  Prag.  med.  "  Bouchut:    Gaz.    d.    hop.,    1S73, 

Fak.,"  1S67,  iii.,  24:3.  xlvi.,  5. 

^Lesser:   Vrtljsehr.   f.  ger.   Med.,  'Aigre   and   Planchon:  Ann. 

1898,  3  F.,  xvi.,  94.  d'hyg.,  etc.,   1890,  3  s.,  xxiv.,  444. 

^See  note  9,  p.  715. 
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and  a  sweetish  metallic  taste  is  perceived,  even  late  in  the  his- 
tory. Later  there  are  insomnia,  great  depression,  muscular 
cramps,  vertigo,  headache,  and  in  some  cases  a  violent  return  of 
the  vomiting  and  cohcky  attacks  of  pain,  which  had  ceased. 
The- symptoms  produced  by  repeated  administration  of  soluble 
lead  compounds  appear  to  be  the  same  as  those  caused  by  larger 
doses,  with  exacerbations  after  each  administration,  and  with- 
out the  development  of  the  effects  of  truly  chronic  lead  poison- 
ing. Strength  diminishes  gradually,  and  death  follows  the  last 
administration  rapidly. 

The  treatment  in  acute  lead  poisoning  should  consist  in 
the  administration  of  a  sulfate,  either  sodium  sulfate  (Glauber's 
salt)  or  magnesium  sulfate  (Epsom  salt),  with  the  object  of 
forming  the  insoluble  lead  sulfate,  and  in  washing  out  the 
stomach.  Milk  or  white  of  egg  may  be  given  while  awaiting 
the  chemical  antidote,  or  an  emetic  in  the  absence  of  the 
siphon.  Pain  should  be  controlled  by  opiates.  In  the  sub- 
sequent treatment  the  elimination  of  absorbed  lead  may  be 
accelerated  by  the  administration  of  iodids,  and  the  diet  should 
be  fluid  and  non-irritating  for  some  time. 

The  post-mortem  appearances  have  not  been  carefully 
observed  in  the  human  subject.  In  Maschka's  case  the  autopsy 
was  made  20  days  after  death  and  showed  no  characteristic 
lesion.  Notwithstanding  the  time  which  had  elapsed  the 
stomach  was  uninjured,  the  mucous  membrane  somew^hat  loos- 
ened, but  otherwise  entirely  normal,  without  signs  of  inflamma- 
tion and  without  ecchymoses  or  erosions.  The  mucous  mem- 
brane of  the  intestine  was  also  normal.  This  case,  although 
homicidal,  was  unquestionably  one  of  acute  or  subacute  lead 
poisoning,  probably  by  repeated  administrations  of  lead  ace- 
tate, the  last  one  not  long  before  death.  In  Aigre  and  Planchon's 
case,  in  which  an  infant  was  destroyed  by  a  solution  of  the 
subacetate  and  the  autopsy  was  made  the  second  day  after 
death,  the  only  notable  lesion  was  in  the  stomach,  which  was 
found  to  be  so  greatly  softened  that  it  ruptured  in  the  attempt 
to  remove  it.  The  analysis  in  this  case  showed  the  presence  of 
a  greater  quantity  of  acetic  acid  than  would  correspond  to  the 
amount  of  lead  found  and  to  the  composition  of  extract  of  Saturn 
of  the  codex.  The  authors '  advance  the  supposition  that  the 
acetate  is  immediately  decomposed  on  contact  with  the  food  in 
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the  stomach,  forming  solid  insoluble  compounds,  which  contain 
the  whole  of  the  metal  and  which  are  rapidly  discharged  by  the 
dejecta,  and  that  the  liberated  acetic  acid  accumulates  in  the 
stomach  by  imbibition  of  its  tissues.  In  2  children  which 
died  in  36  hours  from  the  effects  of  the  subacetate  Taylor^  found 
the-  mucous  membranes  of  the  stomachs  of  a  gray  color,  but 
otherwise  perfectly  healthy.  The  intestines  were  much  con- 
tracted. Taylor  states  that  "  the  appearances  observed  in  cases 
of  acute  poisoning  by  lead  are  very  characteristic,"^  but  does 
not  give  facts  sufficient  to  warrant  the  statement. 

Analytical. — In  the  systematic  analysis,  if  lead  be  not 
present  in  excessive  amount  it  will  pass  entirely  into  the  hot  fil- 
trate obtained  after  the  attack  by  hydrochloric  acid  and  chlorate 
(see  page  192).  It  exists  at  this  stage  as  lead  chlorid,  a  salt 
which,  although  not  readily  soluble  in  cold  water  and  still  less 
so  in  the  presence  of  about  the  proportion  of  hydrochloric  acid 
here  present,^  is  much  more  soluble  in  hot  water.  Conse- 
quently ,  if  lead  be  present  in  notable  quantity  the  filtrate  will, 
on  cooling,  deposit  crystals  of  lead  chlorid,  which  may  be  sepa- 
rated by  filtration.  In  the  subsequent  treatment  the  lead  re- 
maining in  solution  is  found  as  sulfid  in  the  residue  insoluble  in 
ammonium  sulfid  (V.,  page  193),  from  which  it  is  separated  as 
sulfate  in  the  manner  already  described  (see  pages  689,  718). 

If  a  quantitative  determination  be  desired  the  dried  precipitate 
from  the  2  filters  (chlorid  and  sulfate)  are  detached  from  the 
filters  as  far  as  possible  and  collected  on  a  watch  glass.  The 
filters  are  burnt  in  a  weighed  porcelain  crucible,  the  contents 
of  the  watch  glass  are  added  to  the  cooled  crucible,  then  sulfuric 
acid;  and  the  contents  of  the  crucible  are  gradually  heated  until 
white  fumes  cease  to  be  given  off.  The  cooled  crucible  and  its 
contents  are  then  weighed.  The  last  weight,  minus  that  of  the 
crucible  and  filter  ash,  is  that  of  the  lead  sulfate 'present. '  This 
weight,  multiplied  by  0.68317,  is  the  weight  of  metallic  lead. 
A  portion  or  all  of  the  sulfate  may  be  redissolved  by  heating 


'  "Poisons,"  3d  Am.  ed.,  pp.  394,  =  Op.  cit.,  p.  404. 

404.     On  the  latter  page  Taylor  re-  '  Water  at  16.5°  (62°  F.)  dissolves 

fers  to  a  case  of  Orhla's,  which  we  0.952  per  cent.     Water  containing 

do  not  find,  however,  either  in  the  1  to  10  per  cent.  HCl,  dissolves  0.347 

1st,  3d,  or  5th  edition.     Kerchoff's  to   0.093    per    cent.    (Bell:    Chem. 

case,  to   which   Taylor   also   refers.  News,  1867,  xvi.,  69). 
occurred  in  1S17. 
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to  about  70°  (158°  F.)  with  acid  ammonium  acetate  solution/ 
and  the  solutions  so  obtained  used  for  further  qualitative  tests. 

Tests  fob  Lead — 1.  Hydrogen  sulfid  or  ammonium  sul- 
fid  produces  a  black  precipitate  of  lead  sulfid,  insoluble  in  cold 
dilute  acids,  soluble  in  hot  nitric  acid.  2.  Dilute  sulfuric  acid 
produces  a  white  precipitate  of  lead  sulfate.  3.  Potassium 
chromate  produces  a  yellow  precipitate  of  lead  chromate  (chrome 
yellow)  soluble  in  potash  or  soda.  4.  Potassium  iodid  pro- 
duces a  bright-yellow  precipitate  of  lead  iodid,  readily  soluble 
in  potassium  hydroxid,  insoluble  in  potassium  iodid,  soluble 
in  concentrated  hydrochloric  or  nitric  acid.  5.  Potassium, 
sodium,  and  ammonium  hydroxids  produce  white  precipitates, 
soluble  in  excess  of  the  first  two,  but  insoluble  in  excess  of  the 
last.  6.  Hydrochloric  acid  produces  a  white  precipitate  in  con- 
centrated solutions.  The~  precipitate,  if  not  too  abuildant,  dis- 
solves on  heating  the  liquid,  and  is  deposited  in  crystals  on 
cooling. 

MERCURY. 

Modern  experience  from  use  of  mercury  in  the  form  of  cor- 
rosive sublimate  in  surgical  and  particularly  in  obstetrical 
practice  shows  that  it  is  not  only  an  extremely  efficient  germi- 
cide, but  that  it  may  be  fatal  to  the  human  host  when  absorbed 
in  very  minute  quantity.  If  the  magnitude  of  the  dose  capable 
of  causing  death  be  the  measure  of  "deadliness"  of  a  poison, 
mercury  is  more  deadly  than  arsenic.  In  a  case  reported  by 
Saumer^  a  vigorous,  healthy  woman  of  21  years  died  in  collapse 
after  having  manifested  all  the  symptoms  of  mercurial  poison- 
ing, and  after  death  the  intestines  presented  the  lesions  usually 
produced  by  corrosive  subHmate.  She  had  been  delivered  nor- 
mally and  had  progressed  well  until  the  sixth  day,  when  she 
had  a  slight  chill  and  a  temperature  of  40.5°  (104.9°  F.).  Four 
liters  of  a  solution  of  corrosive  sublimate  1:4,000  were  used,  as 
a  precautionary  measure,  in  vaginal  and  uterine  irrigation,  the 
liquid  flowing  away  freely.  In  this  case  the  total  quantity  of 
mercuric  salt  injected  was  only  1  gm.  (15.4  gr.),  and  as  the 
solution  was  only  in   momentary  contact  with  the   parts   the 

'  Made  by  adding  acetic   acid  to      solution  until  the  liquid  has  a  faintly 
concentrated  ammonium   hydroxid      acid  reaction. 

'  Charity  Ann.,  1888,  xiii.,  737. 
IV.-^6 
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amount  absorbed  could  only  have  been  a  minute  fraction  of  the 
amount  injected. 

All  the  compounds  of  mercury,  as  well  as  the  metal  itself, 
are  actively  poisonous  if  absorbed. 

Metallic  mercury — Hydrartjyrum,  Hg — 199.8. — Metallic  mer- 
cury in  the  liquid  form  can  hardly  be  considered  as  poisonous. 
The  older  medical  literature  contains  numerous  references  to 
individuals  who  have  swallowed  a  pound  or  two  of  the  liquid 
metal  for  the  cure  of  obstinate  constipation  or  intestinal  obstruc- 
tion, without  suffering  any  evil  consequences  other  than,  in 
some  cases,  salivation  and  soreness  of  the  mouth.  In  one  in- 
stance an  individual  took  two  pounds  daily  for  a  long  time  with 
the  view  of  removing  a  silver  coin  which  had  lodged  in  the 
oesophagus.^  In  one  of  two  cases  cited  by  Taylor,^  the  metal 
remained  in  the  alimentary  canal  eight  days,  when  it  was  dis- 
charged, partly  in  the  metallic  form  and  partly  as  black  o.xid; 
in  the  other^  the  mercui}-  was  retained  in  the  body  for  nine 
days  and  the  last  of  it  only  passed  on  the  fourteenth  day.  In 
this  instance  there  was  slight  salivation. 

The  notion  that  liquid  mercurj'  is  poisonous  is,  however, 
popularly  entertained,  and  a  few  cases  of  attempted  murder  by 
its  administration  have  occurred  in  European  countries.*  In 
India  it  is  said  by  Brown"  to  be  frequently  given  to  cause  in- 
jury. In  England  a  girl  took  four  and  a  half  ounces  of  Hquid 
mercury  as  an  abortive,  and  suffered  from  mercurial  tremors, 
but  did  not  abort."  Hedren''  reports  four  cases  of  mercurial 
poisoning  by  the  metal,  taken  to  cause  abortion,  in  one  of  which 
the  woman  died.  Lewin^  states  that  liquid  mercury  is  used  by 
the  peasants  of  East  Prussia  as  an  abortifacient. 

Metallic  mercury  enters  into  the  composition  of  four  phar- 
macopoeial   preparations,    in  the   manufacture  of  which,  how- 

'  Sue:  Jlem.  8oc.  med.  d'emulat.,  "Samml.  Gutacht.  Prag.  med.  Fak., 

1808,  iv.,  252,  quoted  by  Wibmer:  ls,38,  ii.,  215.     ilohsen:  Repert.  d. 

"  Wirk.     d.     Arznmitt.     u.     Gifte,"  ger.  u.  off.  Arzneyw.,  1789,  i.,  248. 

iii.,  77,  where  other  early  cases  are  (In  the    last  a    number   of   earlier 

cited.     (We   do   not   find   the   case  observations  are  referred  to.) 

quoted     from    Abano    in    the    ed.,  ^  Med.  Kept.  Bengal  Pres.,  1869, 

Padua,  1473.)  152, 

2  "Poisons,"    3d    Am.    ed.,    351,  «  Gibb:  Lancet,  1873,  L,  339. 

Kerstein.  '  Vrtljschr.    f.    ger.    Med.,    1905, 

'  Loc.    cil..  from  W'chnschr.  f.   d.  3  P.,  xxix.,  Suplh.,  57. 

ges.  Heilk.,  1S45,  24!).  s  gg^j^  ]j.j  Wchnschr.,  1899,  xxxvi., 

••Friedreich's   Bl.   f.   ger.   Anthr.,  276;  Lewin  and  Breuning:  "Fruch- 

etc.     1S.5S,    ix.,    5.    Heft,    61,     64.  tabtreibung,"  1899,  p.  177. 
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ever,  the  metal  is  more  or  less  oxidized.  Of  these,  two  are  in- 
tended for  external  application :  Emplastrum  hydrargyri,  a  plaster 
of  no  toxicologic  interest;  and  Unguentum  hydrargyri  which 
contains  50  per  cent,  of  mercury,  triturated  with  lard  and  suet 
until  the  metallic  globules  are  not  visible  with  a  magnifying 
power  of  ten  diameters.  Blue  ointment  =  Unguentum  hydrargyri 
dilutum  consists  of  two  parts  of  the  above  and  one  part  of 
vaselin.  A  somewhat  similiar  combination  in  which  vaselin 
is  used  in  place  of  animal  fat  is  used  as  a  bedbug  poison.  A 
combination  of  mercury  (thirty  per  cent.)  with  lanolin  and  olive 
oil,  similarly  prepared  by  trituration,  is  an  oily  remedy  applied 
by  hypodermic  and  intramuscular  injection,  under  the  name 
oleum  cinereum,  or  gray  oil.^  Two  pharmacopceial  preparations 
are  intended  for  internal  administration:  Hydrargyrum  cum 
creta  =  mercury  with  chalk,  containing  38  per  cent,  of  mercury 
"extinguished"  with  chalk  and  sugar  of  milk;  and  Massa  hy- 
drargyri  =  Uue  mass,  or  blv£  pill,  containing,  when  first  pre- 
pared, thirty-three  per  cent,  of  mercury,  with  a  quantity  of  mer- 
curic and  mercurous  oxids,  increasing  with  the  age  of  the 
preparation.^ 

In  a  few  instances  death  has  been  caused  by  a  too  liberal 
external  application  of  blue  ointment.'  Although  it  has  only 
been  in  use  since  1887,  oleum  cinereum  has  been  the  cause  of 
several  accidental  poisonings,  and  of  at  least  16  deaths.*     Wel- 

'Pharm.     Jahrb.,      1887,      484;  MM.    martiale,    1909,   96,   ex  Ann. 

1888,  412;  1889,  457-58.  d'hyg.,  1909,  4  s.,  xi.,  278,  death. 

''Senier   (Ph.   J.   and   Tr.,    1876,  "Kaposi:     Verhandl.    d.    deut. 

3  s.,  vi.,  621)   found  in  pills  two  Dermat.     Gesell.,     1889,     i.,    319, 

years  old  24.4  per  cent,   metallic  five  cases,  one  death.     Lukasiewicz: 

Hg,  1.8  per  cent.  HgO,  and  4. 22  per  Wien.  kl.  Wchnschr.,  1889,  ii.,  572, 

cent.  HgjO.  594^    same   as   Kaposi's   fatal   case. 

'Crampton:  Tr.  Ass.  King's  and  Klien:  Deut.  med.  Wchnschr.,  1893, 

Queen's  Coll.  Phys.    Irel.,  1824,  iv.,  xix.,745.   Roth:  Corr.-Bl.f.Schweiz. 

91.    Lancet,  1845,  ii.,  108;   Pharm.  Aerzte,  1893,  xxiii.,  626;  1894,  xxiv., 

J.  and  Trans.,  1868,  2  s.,  ix.,  395,  313,    2    deaths.    Ledermann:    Berl. 

80  to  90  boys,  1  death.    Leiblinger:  kl.    Wchnschr.,     1898,    xxxv.,  996, 

is'rf"'  ^^^-  Wchnschr.,   1869,   xix.,  1016.     Hutchinson:     Arch.     Surg., 

laa    t>        ®'   •^"*-  ^-  '^•'  1^^^'  ^•'  1^99'  >:-.95,  four  cases,  two  deaths, 

}°°-   Braus:  Deut.  med.  Wchnschr.,  Lambkin's    solution,    mercury    and 

1887,  xm,,  593,  two  deaths.  Virchow:  oil.   Le   Noir  and  Camus:   Bull,  et 

iierl.kl.  Wchnschr.,  1887,  xxiv.,  252.  m^m.   Soc.   m6d.   d.   hop.   de  Paris, 

feackur:    Ibid.,    1892,    xxix.,    618.  1906,  3  s.,  xxiii.,  8.    Thibierge: /6id., 

Letoux:  Th^se,  Paris,   1893,  p.  44.  p.    26.      Letulle:     Ibid.,    p.    1140. 

J-ewin:  Berl.  kl.  Wchnschr.,   1895,  Oettinger     and     Feissinger:     Ibid., 

?™'-' ?.°1'  t^o  deaths.     Eichhorst:  1907,  3  s.,  xxiv.,  149.     Claude  and 

Med. Khn.,  1905,1,80.   Munch. med.  Dobrovici:  Ann.  d.  mal.  v^n.,  1906, 

wctaschr.,  1907,  liv.,  1282.     Stein:  i.,  96,  five  deaths,  including  Gaucher's 
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ander'  has  reported  two  deaths  resulting  from  his  method  of 
mercurial  treatment,  which  consists  in  wearing  flannel  sacks 
smeared  with  mercurial  ointment  upon  the  breast  or  back.^  The 
"  mercuriol"  treatment  dififers  from  Welander's  in  that  the  sacks 
are  charged  with  an  amalgam  of  aluminium  or  magnesium.^  It 
has  been  in  use  since  1899,  and  we  have  as  yet  seen  no  reports 
of  fatalities  from  its  use.  Martinet*  has  reported  a  case  of 
exceptional  intolerance,  in  which  severe  acute  symptoms  were 
caused  by  an  amalgam  filling  in  a  tooth. 

Mercury  with  chalk  is  said  to  have  caused  the  death  of  a 
girl  of  5  years  in  8  days  after  administration  of  3  gr.  (0 . 2  gm.) 
daily  for  3  days.''  And  in  another  instance  a  boy  of  11  years 
is  said  to  have  died  in  4  days,  after  having  taken  3  doses,  2  of 
6  gr.  (0.4  gm.)  each,  and  the  third  of  4  gr.  (0.26  gm.)  during 
6  days.°  In  both  cases  there  were  salivation  and  extensive 
sloughing  of  the  cheeks.  In  the  absence  of  any  mention  of 
symptoms  of  mercurial  poisoning  beyond  those  of  salivation, 
mercury  in  these  cases  can  only  be  considered  as  an  indirect 
cause  of  death.  An  old  sample  of  mercury  with  chalk  has  been 
found  to  contain  a  large  proportion  of  mercuric  oxid.'  Blue 
pill  is  said  to  have  been  instrumental  in  causing  death  in  4  in- 
stances. In  one  a  rural  practitioner  in  England  in  1838  ascribed 
a  death  to  18  gr.  (1.2  gm.)  taken  in  divided  doses  during  3 
days.'  In  another  a  woman  is  said  to  have  died  from  "excess- 
ive doses  of  blue  pill.'"  In  the  third  a  man  brought  an  action 
against  an  apothecary  for  injuries  alleged  to  have  been  sustained 
by  taking  blue  pills  prescribed  by  the  defendant.'"     A  child  of  5 

case.  See  also  Hallopeau:  Bull,  m^d.,  '  Blomquist:    Ihid.,    1899,  xlviii., 

1888,  ii.,  1113.    Lang:  Aerztl.  Ber.  1.     Ahmann:    Ihid.,  p.  15.    Farup: 

allg.  k.  k.  K.-H.,  Wien,  1891,  123.  Ihid.,  1901,  Ivi.,  371. 

Lejander:    Schmidt's    Jhrb.,    1893,  *  Presse    m^d.,    1905,    xiii.,   427. 

ccxxxviii.,  19.    Sabbatani:  Giorn.  d.  See  also:  Joseph:  Dermat.  Centbl., 

r.  Ac.  di  med.  di  Torino,   1897,  xlv.,  1904-5,  vii.,  1. 

569.     Le  Pileur:  J.  de  m^d.  de Paris,  =  Taylor:  "Poisons,"  3d  Am.  ed., 

1905,  2  s.,  xvii.,  78.    Morestin:  Bull.  357. 

et  m6m.    See.  anat.  de  Paris,  1906,  "  Harper:  Lancet,  1851,  ii.,  579. 

Ixxxi.,  151.    Sicard:    Bull,  et  m^m.  'Hendricks:     Am.     J.     Pharm., 

Soc.  m6d.  d.  hop.  de  Paris,  1906,  3  s.,  1878,  4  s.,  1.,  325. 

xxiii.,  25.     Hebert  and  Lamoureux:  *  Potter:   Lancet,   London,   1838, 

Rev.  m6d.  de  Normandie,  1906,  vii.,  i.,  215. 

385,    and    "mercurous    chlorid"  »  Med.  Times  and  Gaz.,  1863,  i., 

below.  446.     Ex  Taylor:  Op.  cit.,  p.  353. 

'Arch.    f.    Dermat.,    etc.,    1901,  '"  Jones  t).  Fay,  1865,  Taylor:  Op. 

Ivii.,  363.  cit.,  p.  358. 

='Welander:  Ibid.,   1897,  xl.,  257. 
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years  is  said  to  have  died  from  maxillary  gangrene  in  8  days 
after  the  administration  of  4  blue  pills  and  a  dose  of  calomel 
during  24  hours.* 

That  acute'  as  well  as  chronic  poisoning  may  result  from 
inhalation  of  vapor  of  mercury  is  shown  by  5  cases  of  the 
acute  form  reported  by  Fronmiiller.^ 

Black  wash,  containing  calomel  and  mercurous  hydroxid, 
has  caused  ptyalism  in  2  cases.^ 

Mercuric  oxid — HgO — 215.76 — is  used  in  medicine  in  2 
different  physical  modifications:  the  yellow  oxid,  Hydrargyri 
oxidum  fiavum,  U.  S.  P.,  a  yellow  impalpable  powder,  obtained 
by  precipitation  of  a  solution  of  mercuric  chlorid  with  potassium 
hydroxid;  and  the  red  oxid  =  red  precipitate  =  Hydrargyri  oxidum 
rubrum,  U.  S.  P.,  an  orange-red  crystalline  powder,  obtained, 
not  by  precipitation,  but  by  heating  the  nitrate.  Both  are 
used  in  the  preparation  of  ointments.  The  former  is  the  more 
active  in  its  chemical  and  medicinal  actions,  and  exists  both  in 
solution  and  in  suspension  in  yellow  wash.  When  improperly 
prepared,  the  yellow  oxid  may  contain  corrosive  sublimate 
as  an  impurity,  and  the  red  oxid  may  contain  the  nitrate. 
Mercuric  oxid  decomposes  the  chlorids  of  many  metals  in 
solution,  with  formation  of  a  metallic  oxid  and  mercuric  oxy- 
chlorids.  It  combines  with  alkaline  chlorids  to  form  soluble 
double  chlorids,  called  chloromercurates  or  chlorhydrar gyrates, 
and  forms  similar  compounds  with  alkaline  iodids  and  bromids. 
Mercuric  oxid  is  used  in  veterinary  practice  in  the  shape  of 
ointment,  and  enters  into  the  composition  of  a  number  of 
proprietary  preparations,  chiefly  eye  salves.'' 

We  find  mention  of  but  three  fatal  cases  of  poisoning  by  the 
red  oxid  taken  internally:  that  of  a  hat  maker  of  26  years,  who 
swallowed  an  ounce  (30  gm.)  and  died  on  the  second  day;'^  that 
of  a  man  suicide,  who  died  in  about  four  days"  and  that  of  a  man 

'Stewart:   N.  Y.  J.  of  M.,   1846,  =  Sobernheim:  "Handb.  d.  prakt. 

™-,  19-  Tox.,"  Berlin,  1838,  250,  ex  Repert. 

'  Memorabilien,     1877,    v.,     193.  f.  d.  Pharm.,   1837,  2  R.,  iii.,  361. 

bee  also:  Vucetic:  AUg.  Wien.  med.  In   Nicholson's   fatal   case    (Pharm. 

Mg    1894,  xxxix.,  129.  J.,  1895,  4  s.,  i.,  482;  Brit.  M.   J., 

Lucas:   Ind.    Med.    Gaz.,    1886,  1896,  i.,    19)  a   suicide  took  about 

m'l   "'    ^^^'^^'■-  Brit.  Med.  Jour.,  30  gr.  of  red  oxid,  partly  dissolved 

(it'u'  ^^^^'  '°  ^^  ounce  of  acetic  acid.. 
Hahn  u.  Holfert:  " Specialitaten  "Mitchell:    Boston   M.  and  S.  J. 

und  Geheimmittel,"  5te  Aufl.,  Ber-  1897,  cxxxvi.,  257. 
in,  1893,  Nos.  124, 129, 132, 134, 135, 
136,  137,  138,  1092,  1312,  2246. 
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of  56  years  who  died  in  10  days  after  having  taken  the  oxid  in 
mistake  for  rhubarb.'  Accidental  non-fatal  poisonings  by  swal- 
lowing the  oxid  are  reported  by  Kennedy  (25=7.8  gm.)  ,2  Allison 
(35gr.  =  2.3  gm.),3  Taylor  ("a  quantity"),*  Smyth  ("aquantity 
in  beer"), 5  Stevenson  (120  gr.  =  7.8  gm.),«  Ord  (about  a  tea- 
spoonful),'  and  Lee  (half  an  ounce=15.5  gm.),'  all  in  adults. 
Prince^  has  reported  two  attempts  at  suicide,  each  with  40  gr. 
(2.6  gm.).  White  gives  an  incomplete  account  of  the  non-fatal 
alleged  poisoning  of  a  girl  of  15  years  by  red  precipitate,  given 
to  her  by  a  boy  under  the  representation  that  it  was  sugar  (!).'" 
A  fatal  poisoning  of  a  girl  of  If  years  by  daily  inunctions  for  3 
weeks  of  an  ointment  containing  red  precipitate  by  an  empiric 
has  been  carefully  reported  by  Gwalter."  Trousseau'^  reports  a 
case  of  exceptional  susceptibility  in  a  boy  of  9  years,  in  whom 
stomatitis  and  mercurial  eruption  were  caused  by  the  application 
of  a  very  minute  quantity  of  the  ointment  to  the  eye. 

Mercuric  sulfid — cinnabar;  vermilion;  /Ethiops  mineralis; 
— HgS — 231 .  78 — exists  in  nature  as  the  principal  ore  of  mercury 
and  is  manufactured  artificially,  either  as  a  brilliant  red  powder 
(vermilion)  or  as  a  black  powder,  formerly  used  as  a  medicine 
(sethiops).  It  has  been  known  to  cause  chronic  mercurial  poison- 
ing from  having  been  used  to  color  artificial  gums.'^  In  two  in- 
stances it  has  caused  acute  poisoning  by  having  been  adminis- 
tered in  fumigation  by  empirics.  '*  Three  persons  were  found  dead 
in  bed  the  morning  after  having  been  treated  for  the  itch  by 
a  quack  by  inunction  of  nine  ounces  of  a  salve  which  contained 
mercury,  cinnabar,  and  other  substances.'* 

Mercurous  chlorid — calomel;  mild  chlorid  of  mercury;  proto- 
chlorid  of  mercury;  Hydrargyri  chloridum  mite,  U.  S.  P.;  Hydrar- 
gyri  svb chloridum,  Br.  P. — HgjClj — 470 .  34 — is  prepared  by  one 

'  Filippi   and   Mussi:   Gazz.   med.  "Diss.,  Zurich,  1877. 

lomb.,  1909,  Ixviii.,  123.  "  J.   de  m6d.  de  Paris,  1897,  2  s., 

"  Med.-chir.  J.  and  Rev.,  London,  ix.,  552. 

1816,  i.,  189.  i»  Wells:  Brit.  M.  Jour.,  1863,  ii., 

'Lancet,  1836,  i.,  401.  366.      Woodman:     Med.    Pr.    and 

*  "Poisons,"  3d  Am.  ed.,  383.  Circ,      London.      1874,      ii.,     502. 

'  Brit.  M.  Jour.,  1S78,  ii.,  101.  Buckley:  Tr.  N.  Y.  M.  Assoc,  1884 

"Taylor:   "Med.   Jur.,"  11th  Am.  (1885),  i.,  126. 

ed.,  145,  ex  Brit.  M.  Jour.,  1884,  i.,  '<  Sutro:     Med.    Times,    London, 

56.  1845,   27.     Szabo:  Pest,  med.-chir. 

'  Lancet,  1888,  ii.,  570.  Presse,  1883,  xix.,  671. 

«  Brit.  M.  Jour.,  1889,  ii.,  718.  "  Leiblinger:   Wien.  med.  Wchn- 

°  Lancet,  1859,  ii.,  506.  schr.,    1869,    xix.,    1595. 

'» Irish  Hosp.  Gaz.,  1873,  i.,  308. 
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of  three  methods:  1.  By  sublimation  of  a  mixture  of  mercurous 
sulfate  and  sodium  chlorid,  and  washing  out  the  corrosive  subh- 
mate,  which  is  also  formed,  with  water.  2.  By  precipitation  of  a 
solution  of  mercurous  nitrate  with  hydrochloric  acid  or  a  chlorid. 
3.  By  heating  together  an  intimate  mixture  of  4  parts  of  mercuric 
chlorid  and  3  parts  of  mercury.  The  product  is  purified  by  a 
sublimation  with  steam  {calomel  a  la  vapcur).  Ordinary  sub- 
Hmed  calomel  is  in  imperfectly  formed  quadratic  prisms,  steam 
calomel  in  smaller  but  more  perfectly  formed  prisms,  and  precipi- 
tated calomel  in  very  much  smaller  crystals.  It  is  a  heavy, 
faintly  yellowish-white  powder,  insoluble  in  alcohol  and  in  water, 
soluble  in  boiling  water  only  to  the  extent  of  1  part  in  12,000, 
slightly  soluble  at  the  temperature  of  the  body  in  artificial  or 
natural  gastric  juice,  soluble  in  notable  amount  in  solutions  of 
alkaline  sulfates.     When  heated  it  sublimes  without  fusing. 

Colomel  is  decomposed  slowly  by  sunlight  into  mercuric 
chlorid  and  mercury.  A  similar  decomposition  is  produced 
more  rapidly  by  common  salt  and  by  alkaline  chlorids.  Solu- 
tions of  the  hydroxids  and  carbonates  of  the  alkaline  metals 
decompose  it  with  formation  of  mercuric  oxid  and  liberation  of 
mercury;  if  alkaline  chlorids  be  also  present  mercuric  chlorid  is 
produced.  Potassium  iodid  acts  upon  it  with  formation  of 
potassium  chlorid,  mercuric  iodid,  and  mercury.  Chlorin  or 
aqua  regia  convert  it  into  mercuric  chlorid. 

Calomel  is  one  of  the  ingredients  of  the  compound  cathartic 
pill  (28.2  per  cent.  HgjClj),  and  of  Plummer's  pills  (25  percent. 
HgjCy.  It  enters  into  the  composition  of  a  few  proprietary 
medicines,'  and  of  many  cosmetics.^ 

Excepting  the  single  supposed  suicide  by  calomel  mentioned 
by  Bernt,^  and  the  mere  mention  by  Otto*  that  a  man  in  Holland 
murdered  his  child,  whose  life  was  insured,  by  calomel,  the 
poisonings  by  this  agent  reported  in  medical  literature  are 
medicinal,  and  for  the  most  part  of  early  date.  In  some  of  these 
death  was  caused,  probably  indirectly,  from  septic  poisoning  from 
extensive  ulceration  and  gangrene  of  the  salivary  glands  and 

^,„Hahn  u.  Holfert:  Op.  cit.,  Nos.  cream,  eau  de  Ninon,  and  eau  de 

519,  761,  1319,  1324,    1325,    1363,  lys. 

^*P9..1787.  3  Visa  reperta,   1827,  i.,  374. 

loid.,    Nos.    1876,    1952,    1963,  ""Ausmitt.  d.   Gifte, "  7te  Aufl., 

iS  19,S1.  2013,  2152,  2183,  2298,  p.  155. 
■'^ib,    also    m    Goulard's    oriental 
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surrounding  parts.'  Of  the  more  modern  cases  one,  reported 
by  Leutert^  is  an  instance  of  susceptibility  (idiosyncrasy)  to 
calomel;  A  man  of  43  years  suffering  from  aortic  insufficiency 
cardiac  hypertrophy,  and  atheromatous  arteries,  with  ascites 
and  oedema  was  given  0.2  gm.  (3  gr.)  of  calomel  thrice  daily 
for  7  days.  On  the  fourth  and  fifth  days  there  was  marked 
increase  in  the  elimination  of  urine,  from  1,200  c.c.  on  the  third 
to  11,200  c.c.  on  the  fourth  and  6,800  c.c.  on  the  fifth.  On  the 
sixth  day  the  quantity  sank  to  1,200  c.c,  on  the  seventh  to 
650  c.c,  and  on  the  eighth,  the  day  of  his  death,  there  was 
suppression.  In  the  meantime  diarrhoea  had  begun  on  the 
third  day  and  had  increased,  accompanied  by  abdominal  pain 
and  vomiting.  At  the  autopsy,  besides  the  organic  lesions, 
those  in  the  large  intestine  and  kidneys  due  to  mercurial  poi- 
soning were  found  to  exist.  In  another  case  a  woman  of  68 
years  died  in  5  days  after  having  received  1  gm.  (15J  gr.)  of 
calomel  in  2  days,  having  suffered  from  severe  purging  and 
suppression  of  urine.  ^ 

Fatal  poisonings  have  also  resulted  from  the  hypodermic 
injection  of  calomel  in  the  treatment  of  syphilis  (Scarenzio, 
calomel  rubbed  up  with  glycerol).  Thus  Runeberg  reported* 
the  case  of  a  woman  of  34  years  who  received  three  injections 
of  0.1  gm.  (U  gr.)  March 'l2th,  20th,  April  i3th,  and  died  in 
coma  May  6th,  having  manifested  symptoms  of  mercurial  poi- 
soning. Although  in  this  instance  calomel  was  not  the  sole 
cause  of  death,  it  was  a  largely  contributory  factor.^    Claeys' 

1  London    M.    Gaz.,    1836,    xviii.,  Wchnschr.,  1895,  xxi.,  636.  Renault: 

484.     Sobernheim:     " Toxioologie, "  Ann.    de   dermat.   etc.,   1897,   3  s., 

p.  253.     Graves  and  Stokes:  Dublin  viii.,  203.   Bunting:  Lancet,  1904,  ii., 

Hosp.  Repts.,  1827,  iv.,  299.     Grat-  1494.    Jourdran    and    Fontoynont: 

tan:  Tr.  Assoc.  King's  and  Queen's  Bull,  et  m^m.  Soc.  anat.  de  Paris, 

Coll.    Phys.,    Irl.,     1820,    iii.,    236.  1904,  Ixxix.,  724.    Levy:  J.  de  m^d. 

Jackson:  Am.  J.  M.  Sc,   1828,  iii.,  de  Paris,   1904,  2  s.,  xvi.,  447.    Le 

89.  Pileur:   ibid.,  1905,   2  s.,   xvii.,  78. 

^"U.  d.  anatom.  Verand.  d.  Sub-  [Ziegelroth] :    Arch.    f.    diat.   Ther., 

limatintox., "   Berlin,   1895,  p.   15.  1908,  x.,  227.    Death  has  also  been 

'Adam:  Diss.,  Wilrzb.,  1892.  caused  by  the  injection  of  mercury 

*Deut.    med.    Wchnschr.,    1889,  benzoate  (Gaucher:  J.  d.mal.cutan., 

XV.,  4.  1906,  xviii.,  282),  and  of  the  salicy- 

'Neubeck,   Derm.   Ztschr.,   1902,  late     (Homberger:     Zts.    f.    prakt. 

ix.,  470,  has  collected  eight  cases  of  Aerzte,  1900,  ix.,  9.     Bartsch:  Loc. 

fatal     poisoning     by    injections     of  cit.  Neubeck:  Loc.  ci'i.).  [Ziegelroth]: 

calomel ;  and  two  others  are  reported  Loc.  cit. 

by    Bartsch:    Munch,   med.   Wchn-  "  Livre  jubil.  .  .  .    Soc.  de  m^d. 

schr.,  1907,    liv.,    2138.     See    also:  de  Gand,  etc.,  1884,  287. 
AUgeyer  and  Sprecher:  Deut.  med. 
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has  reported  a  mercurial  poisoning  caused  by  a  single  insufflation 
of  calomel  into  the  conjunctival  sac. 

The  smallest  quantity  of  calomel  which  has  been  alleged  to 
have  caused  death  was  in  the  case  of  a  boy  of  14  years  who  died 
in  3  weeks  from  the  secondary  effects  of  6  gr.  (0.4  gm.).'  In 
Graves  and  Stokes'  case  a  girl  of  11  years  died  from  fatal  slough- 
ing of  the  mouth  and  palate  in  8  days  after  having  taken  8  gr. 
(0.5  gm.).  Le  Clerc^  reports  the  death  of  a  woman  in  five  days 
from  the  effects  of  0.9  gm.  (13.9  gr.)  of  calomel  which  was 
proven  by  analysis  to  be  pure.  In  Sobernheim's  case,  an  adult 
died  in  8  days  from  extensive  sloughing  of  the  face  following 
a  dose  of  about  15  gr.  (1  gm.).  In  Grafton's  case  a  hydrocephalic 
girl  of  10  years  died  from  gangrene  of  the  face  13  days  after 
having  received  20  gr.  (1.3  gm.)  in  10  pills  during  6  days.  In 
Leutert's  case  the  total  quantity  taken  during  7  clays  was  4 . 2  gm. 
(64  gr.)  in  doses  of  0.2  gm.  (3  gr.)  each.'  These  doses,  although 
large,  do  not  greatly  exceed  the  maximum  medical  doses,  and 
are  less  than  have  been  given  in  many  instances  without  dan- 
gerous effects.  Two  early  accidental  cases  are  reported  in  which 
calomel  was  taken  by  mistake  in  doses  of  IB  (31  gm.)*  and 
145  (54.4  gm.)^  at  one  time  without  causing  death. 

Owing  to  imperfect  purification  or  to  exposure  to  sunlight 
calomel  may  contain  corrosive  sublimate.  Although  this  im- 
purity is  now  rarely  met  with,  an  early  case  is  recorded  in 
which  death  was  caused  by  the  administration  of  12  gr.  (0.8 
gm.)  of  calomel,  a  remaining  sample  of  which  was  found  to 
contain  a  large  proportion  of  corrosive  sublimate." 

Mercuric  chlorid — bichlorid  of  mercury;  corrosive  sublimate; 
perchlorid  of  mercury;  Hydrargyri  chloridum  corrosivum,  U.  S.  P.; 
Hydrargyri  perchloridum,  Br.  P. — HgCla — 270.54 — crystallizes 
by  sublimation  in  octahedra  and  by  evaporation  of  its  solutions 
in  flattened,  right-rhomic  prisms.  It  is  soluble  in  water  to  the 
extent  of  6.57  parts  in  100  at  10°  (48°  F.);  7.39  at  20°  (68°  F.); 

'LondonM.Gaz.,  1836,  xviii.,  484.  in   32  hours.    Willson:  J.  Am.  Med. 

Ann.  m^d.   de  Caen,    ex    Ann.  Assoc,    1906,   xlvi.,  1521,  5.4    gm. 

3^1  •;  1902,  3  s.,  xlvii.,  379.  (84  gr.)  in  14  days. 

Other  fatal  poisonings  by  calo-  *  Robarts:  London  M.  Gaz.,  1838, 

mel    are    reported    by    Sinnhuber:  xxii.,  610. 

l-harit^  Ann.,  1905,  xxix.,   87,    1.6  =  Bochardt:    AUg.    med.    Annal., 

gm.   (25  gr.)   in   3   days.    v.   Sury  1827,  441. 

«ienz:Vrtljschr.  f.  ger.  Med.,  1907,  "Lancet,  1848,  ,ii.,  187. 
■Si'-,  xxxiv.,  259,  2.7  gm.  (42  gr.) 
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11.84  at  50°  (122°  F.);  24.3  at  80°  (196°  F.);  and  53.96  at  100° 
(212°  F.).  It  is  more  soluble  in  alcohol,  which  dissolves  40  per 
cent,  in  the  cold  and  66 . 6  per  cent,  when  hot.  It  dissolves  in 
absolute  ether  to  the  extent  of  1 1 .  36  parts  in  100  at  15 . 5°  (60°  F.), 
and  of  about  30  parts  in  100  of  commercial  ether.  Chloroform 
dissolves  only  about  1  part  in  1,700.  The  taste  of  corrosive 
sublimate  is  very  marked,  styptic,  nauseous,  and  metallic  in 
character,  and  is  persistent. 

Corrosive  sublimate  is  easily  reduced  to  calomel  or  to  ele- 
mentary mercury  by  heating  with  mercury,  or  with  zinc,  iron, 
lead,  copper,  or  bismuth,  or  even,  slowly,  by  exposure  of  its  solu- 
tion to  light.  The  hydroxids  of  potassium,  sodium,  calcium,  or 
magnesium  produce  in  its  solutions  precipitates  of  a  brown  oxy- 
chlorid,  or  of  the  orange-colored  mercuric  hydroxid  or  oxid.  It 
readily  combines  with  the  alkaline  chlorids  to  form  double 
clilorids,  known  as  chloromercurates  and^  chlorhydrargyrates. 
Many  organic  substances  decompose  it  into  calomel  and  mercury, 
particularly  under  the  influence  of  sunlight.  With  albumin  it 
forms  a  compound  insoluble  in  water  but  soluble  in  an  excess  of 
fluid  albumin  or  of  alkaline  chlorids,  and  in  tartaric  acid  solu- 
tion. A  solution  of  mercury  albuminate  in  a  solution  of  sodium 
chlorid,  containing  1 . 5  per  cent,  of  mercuric  chlorid,  is  used 
medicinally  for  hypodermic  injection. 

Corrosive  sublimate  is  sometimes  administered  internally, 
but  its  chief  use  in  medicine  at  present  is  as  an  antiseptic,^  as  it 
is  one  of  the  most  powerful  of  germicides,  for  which  reason  it  is 
also  largely  used  as  a  disinfectant  and  preservative  of  anatom- 
ical preparations.  Liquor  Plenckii  consists  of  2  gm.  each  of 
bichlorid,  lead  acetate,  lead  carbonate,  and  camphor,  with  16 
gm.  each  of  alcohol  and  vinegar,  and  consequently  contains  6 .  25 
per  cent,  of  mercuric  chlorid.  Van  Swieten's  solution,  accord- 
ing to  the  French  Codex,  is  made  by  dissolving  0.9  gm.  mer- 
curic chlorid  in  96  gm.  of  alcohol  and  diluting  with  928  gm. 
of  water,  and  therefore  contains  about  1  : 1,000. 

It  enters  into  the  composition  of  several  proprietary  remedies 
intended  for  external  application,-  and  of  some  cosmetics  in 

'  The  compressed  tablets  used  for      tablet  in  a  pint   of  water  gives  a 
this    purpose    usually    contain    7.7       solution  of  1  :  1,000. 
grains    mercuric    chlorid    and     7.3  '  Hahn  u.  Holfert:  Op.  cit.,  Nos. 

grains     ammonium     chlorid.     One      586,  622,  788,  934,  1056,  1398,  1537, 

1596,  1607,  1814. 
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which  it  is  either  intentionally  introduced  or  produced  from 
calomel.'  It  is  also  the  active  agent  in  many  liquid  "bedbug 
poisons." 

Poisonings  by  corrosive  sublimate  have  increased  greatly  in 
frequency  during  the  past  30  years.  Of  559  cases  of  which 
we  find  mention  in  medical  literature  since  1800,  422  have  been 
reported  since  the  year  1879.  During  the  decade  1870-1879 
only  24  cases  were  reported,  while  during  the  following  decade, 
1880-1889,  there  were  152.  The  cause  of  this  sudden  and  large 
increase  is  to  be  found  in  the  very  extensive  use  of  solutions  of 
the  bichlorid  as  antiseptics.  Of  the  422  cases  reported  since 
1879,  179  were  caused  by  irrigation  of  the  vagina  or  uterus  or 
both  with  solutions  of  1  :  1,000  or  of  still  higher  dilution  in  ob- 
stetrical or  gynsecological  cases,  and  of  these  66  were  fatal. ^ 
Pacinotti'  reports  a  case  in  which  death  resulted  promptly  after 
intrauterine  irrigation  following  rupture  of  the  uterus  liy  careless 
manipulation.  In  many  of  the  recent  cases  death  has  followed 
surgical  operations  in  which  solutions  of  corrosive  sublimate  of 
1 : 1,000  or  1 : 2,000  have  been  used,  and  in  which  there  have  been 
distinct  ante-mortem  and  post-mortem  evidences  of  mercurial 
poisoning.^  Of  312  cases  other  than  obstetrical  and  surgical,  132 
were  accidental,  126  suicidal,  15  by  administration  by  quacks, 
and  29  homicidal,  the  remainder  having  no  cause  assigned.  Of 
the  ACCIDENTAL  CASES,  Several  have  followed  medicinal  adminis- 
tration either  by  solution  or  ointment  externally  applied,^  or 

'Ibid.,    Nos.    1933,    1952,    1977,  276,    14   cases,  2  deaths.     Grawitz: 

2006,  2015,  2134,  2188,  2264.  Deut.  med.   Wchnschr.,   1888,  xiv., 

'^  Sebillotte,  ".Intoxications  par  le  41.  Sanger:  Arch.  f.  kl.  Chir.,  1889, 

sublime   corrosif   chez    les    femmes  xxxviii.,     796.     Brouardel:     Ann. 

en   couche,"    These,    Paris,     1891,  d'hyg.,     1904,    4  s.,    i.,    5.     Cerno- 

gives  full  reports  of  118  cases.     See  horsky:   Wien.    med.   Presse,   1889, 

also:  Delauney:  Thfee,  Paris,  1893.  xxx.,  958.    Gaylord:  Indiana  M.  J., 

Leutert:Loc.a<.  Butte:  Nouv.  arch.  1895-6,  xiv.,  121. 

dobst.  etdegyn.,  1886,  i.,  181.    Le-  =>  Orfila:   "Tox.  gfo.,"  36me.  ed., 

page:  C.  r.  Soc.  d'obst.,   1901,  iii.,  i.,  671  (Cloquet).    De  Ricci:  Doublin 

138.   Marshall:  Brit.  M.  J.,  1902,  ii.,  Q.    J.  M.  Sc,  1854,    xviii.,  69  (D). 

1157.  Dezarnaulds:M6d. mod.,  1902,  Anderseck   and   Hamberger:    Vrtlj- 

xiu.,   294.    Keferstein:     Ztschr.     f.  schr.   f.   ger.  Med.,   1864,    n,   F.,   i., 

Med.-Beamte,     1904,      xvii.,      351.  187    (2  cases,  D).     Pharm.   J.    and 

fr^er:  Vrtljschr.    f.    ger.    Med.,  Tr.,  1870,  n.  s,  xi.,  727  (D).    Meeres: 

laOT^  3F.,  xxxiii.,  36.  M.  Times  and   Gaz.,    1871,   ii.,   353 

.„„^iv.  cnt.  di  clin.  med.,  1902,  iii.,  (D).     Clevenger:  Chicago  M.  Rev.-, 

''"°-  1880,  i.,  251  (R).  v.Hofmann:  Wien. 

l^eabody:    Med.    Rec,    1885,  kl.  Wchnschr.,    1890,  iii.,  301    (D). 

xxvii.     290,    11     cases,     7     deaths.  Dittrich:  Vrtl.ischr.     f.     ger.    Med., 

iTaenkel:  Virch.  Arch.,  1885,  xcix.,  1891,  3  F.,  i.,  71  (D).    Gastou:  .4nn. 
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hypodermically/  or  by  the  mouth,^  or  rectum^  in  the  treatment 
of  syphilis.  One  case,  which  was  the  subject  of  medico-legal 
investigation,  was  caused  by  the  use  of  a  mercurial  cosmetic* 
The  antiseptic  tablets  of  the  bichlorid,  or  "soloids,"  although 
usually  colored  blue  or  red,  have,  been  swallowed  accidentally, 
and  have  frequently  been  used  by  suicides  and  homicides.  In- 
stances in  which  patients  have  received  the  bichlorid  when 
calomel  or  chloral  hydrate  was  intended,  through  physicians  or 
pharmacists'  errors,  are  by  no  means  rare.  Or  it  has  been  taken 
in  mistake  for  other  white  powders  (Epsom  salts,  tartar  emetic, 
potassium  bromid,  sugar,  bismuth  subnitrate,  santonin),  or  its 
solution  for  whiskey,  tea,  etc.  Midwives  and  nurses  have 
experienced  severe  local  effects  from  bichlorid  disinfection  of 
their  hands, ^  and  a  parturient  woman  was  seriously  poisoned 
from  the  hands  of  the  midwife.  °  Corrosive  sublimate  has  been 
introduced  into  the  vagina,  otherwise  than  as  an  obstetrical 
antiseptic;  in  solution  by  physician's  error  in  writing  a  pre- 
scription,' in  the  solid  form  to  prevent  conception,'  to  cause  abor- 
tion,' by  a  man  to  avoid  infection.'"  It  has  also  been  swallowed 
in  solution  or  in  the  solid  form  to  induce  abortion."  It  has  been 
self-administered  in  enema  by  mistake,'^  or  to  destroy  worms. '^ 


de  dermat.,  1893,  3  s.,  iv.,  736   (R).  Beamte,  1906,xix.,43.  Kornalewski: 

Stephenson:   Med.  Press  and   Circ,  Ibid.,  p.  694.     Dittrich:  Loc.  eit. 

1894,  n.  s.,  Ivii.,  487  (2  oases,  D  and  "  Kornalewski:  Loc.  cit. 

R).     Korvonen:     Dermat.    Ztschr.,  '  Butcher:  Doubhn  Q.  J.  M.  Sc, 

1898,    v.,    154   (R),     Burgl:    Fried-  1856,  xxi.,  242.    Gore:  Lancet,  1878, 

reich's   Bl.  f.  ger.  Med.,   1902,   hii.,  i.,  146. 

440    (D).    HoUoway:    Brit.    M.    J.,  »  Munk:   California  M.   J.,    1896, 

1903,  ii.,  1212  (R).    Craig:  J.  Am.  M.  xii.,  71.      . 

Ass.,  1906,  xlvii.,  1484  (D).  'Roberts:     X.     Zealand    M.    J., 

>  Marocco:  Verh.  d.  X  Int.  Congr.,  1901-2,   ii.,  101.    Hammond:   New 

1891,    iii.,  170.     De  Amicis:    Giorn.  York  M.  J.,  1906,  Ixxxiii.,  652.     The 

ital.  d.  mal.  ven.,  1898,  xxxiii.,  212.  woman    aborted    and    died.  Michel 

DeSmet:  J.  med.de  Brux.,  1904,  ix.,  and     Barthflemy:    Rev.    m^d.    de 

170.     Craig:  Loc.  cit.  I'est,  1907,  3  s.,  xxxix.,  511. 

2  Barthelemy:  Ann.  d'hyg.,  1883,  '°  Demuth:       Ver.-Bl.     f.    Pfalz. 

3  s.,  iv.,  337;  Kobovner:  Bull.  g6n.  Aerzte,  1^95,  xi.,  122. 

de  th^r.,  1878,  xcv.,  75.  "  Gibb:     Lancet,    1873,   i.,    339. 

'  Huber:  Ztschr.  f.  kl.  Med.,  1888,  Allaman:    Columbus    M.    J.,    1903, 

xiv.,  459.  xxvii.,  272. 

*  Stavely  and  Pedley:  Brit.  M.  J.,  '^  Dauchez:  M6d.  mod.  1904,  xv., 

1893,  i.,  SSn.     For  another  cases  of  41,  two  cases.     Hall:  Lancet,  1897, 

local  poisoning  by  a  mercurial  cos-  i.,  104.    Santi-Birona:  Gazz.  d.  osp., 

metic  see  Marro:  Giorn.  d.  r.  Ac.  di  1886,  vii.,  142. 

med.  di  Torino,   1891,   3  s.,  xxxix.,  "  Binz:  Berl.  kl.  Wchnschr.,  1895, 

224.  xxxii.,  49,  a  physician  to  himself. 

=  Wengler:    Ztschr.     f.    Med.- 
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In  two  instances  death  has  resulted  from  swallowing  photographic 
intensifiers  containing  bichlorid.' 

Of  the  126  SUICIDES  there  was  but  one  which  was  in  any  way 
peculiar:  that  of  a  young  girl  who  took  an  alcoholic  solution  of 
corrosive  sublimate  (bedbug  poison)  by  rectal  injection.^ 

The  HOMICIDAL  CASES  include  18  poisonings  by  quacks  and 
29  dehberate  homicides,  real  or  alleged.  Among  the  latter  are 
included  some  early  causes  cSUbres.  The  investigation  of  the 
series  of  poisonings  in  France  in  the  middle  of  the  seventeenth 
century,  in  which  the  Marchioness  of  Brinvilliers  was  the  cen- 
tral figure,  showed  that  corrosive  sublimate  was  probably  the 
poison  most  frequently  used.^  At  an  earlier  period  (1613)  Sir 
Thomas  Overbury  had  perished  in  the  Tower  of  London,  a 
victim  of  poisons  administered  to  him  at  the  instigation  of  the 
Countess  of  Somerset,  and,  although  many  real  and  supposed 
poisons  had  been  previously  mixed  wit^h  his  food,  he  finally 
succumbed  to  a  clyster  containing  corrosive  sublimate.^.  Two 
alleged  homicides  were  the  subjects  of  trials  in  the  eighteenth 
century,  one  in  Germany,'^  and  one  in  England."  We  can  find 
mention  of  but  two  French  cases,  one  in  1810,'  the  other  in 
1857.*  One  German  case  is  briefly  mentioned  by  Lesser."  Con- 
cerning nine  cases  in  England  during  the  nineteenth  century  we 
find  only  brief   notices.^"     Information   as   to  American  cases 

'  Detot  and  Kaufmann:  Arch.  g^n.  *  Lassaigne:    Ann.    d'hyg.,    1858, 

de  m^d.,    1904,    i.,  1550.     Pfeiffer:  2  s.,  x.,  200. 

Deut.  Arch  f.kl.  Med.,  1907,  xc,  591.  "  Vrtljschr.    f.    ger.    Med:,    1898, 

'v.  Hofmann:    "Lehrb.    d.    ger.  xvi.,  94. 

Med.,"  5te  Aufl.,  615.  i°  Rex.   v.   Mary  Bateman,  1809; 

^ See  Introduction,  p.  22.  "Celebrated  Trials,"  vi.,  44.     Ca-se 

*  Hargrave's  State  Trials,  i.,  323,  of     Mich.     Whiting,     1812;      Beck: 

245.   Amos:     "The   great    Oyer   of  "Med.   Jur.,"    12th  ed.,   634.     Rex 

Poisoning,"  London,  1846.  v.    Wm.   Patterson,    1817;     Christi- 

'Eller:   Rept.   f.   d.   ger.   u.'  off.  son:  "Poisons,"  Am.  ed.,  319,  335. 

Arzneyw.,  1789,  i.,  248.  Oases  of  Mrs.  Byrne  and  son,  1820; 

'Rex.  V.   Butterfield,   1775.     In-  Lendrick:  Trans.  Assn.  King's  and 

gram:    "Enquiry  into  the  cause  of  Queen's  Coll.  Phys.  Irel.,  1820,  iii., 

death  of  William  Scawen,"  London,  310.     Reg.  v.  Walsh,  1850;  London 

1777.    Paris    and    Fonblanque:  M.  Gaz.,  1850,  n.  s.,  xi.,  253.     Reg. 

Med.    Jur.,"    i.,     303;     ii.,     262.  v.  Abrah.  Kaley,  1862;  Ph.  J.  and 

Beck:    "Med.  Jur.,"  12th    ed.,  ii.,  Tr.,    1861-62.   n.   s.,   iii.,   627.     Al- 

"32.  leged  murder  of  an  infant;  Lancet, 

'Aff.    Bridon,    Chaussier:    "Con-  1878,  ii.,  876.     Man  tried  in  1884; 

sultations    m^dico-Mgales    sur    une  Taylor:  "Med.  Jur.,"  11th  Am.  ed., 

accusation    d'empoisonnement    par  139.     Reg.  ■«.  Eliz.  Berry  (the"  Old- 

Je  subhm^   corrosif,"   Paris,    1811;  ham    case);    Harris:    Med.    Chron., 

lardieu:     "Empois.,"     2^me     ed.,  Manchester,  1887,  vi.,  122.     To  these 

o»5;    Ztschr.    f.     d.     Staatsarznk.,  may  be  added  the  case  of  a  woman 

1824,  3  Erghft.,  1.  of  twenty  years  who  was  induced 
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known  to  have  been  the  subjects  of  trial  is  equally  inaccessible. 
A  man  was  tried  in  New  York  State  for  the  murder  of  his  wife 
by  corrosive  sublimate  in  1824;'  a  supposed  attempt  to  poison  a 
woman  was  investigated  at  Buffalo,  N.  Y.,  in  1838;^  a  man 
was  accused  of  having  poisoned  a  female  servant,  pregnant 
by  him,  near  Boston,  Mass.,  in  1861;^  a  man  named  Williams 
was  supposed  to  have  been  poisoned  in  Westchester  County, 
N.  Y.,  in  1880;  a  man  was  tried  in  New  Jersey  in  1881  for  the 
murder  of  an  infant;  a  negro  boy  in  Pennsylvania  was  tried  in 
1884  for  an  attempt  to  poison  a  famly;  an  attempt  at  poisoning 
in  New  York  City  in  1886  proved  unsuccessful;  a  woman  was 
tried  in  New  Jersey  in  1893  for  the  murder  of  her  son,  and  ac- 
quitted. Of  none  of  these  cases  do  we  find  any  mention  except 
in  the  secular  press. ''  In  New  York  City,  in  1907,  an  elderly 
lady,  afflicted  with  cancer,  died  under  circumstances  pointing 
quite  directly  to  a  hoyiicidal  poisoning  by  bichlorid  tablets.  A 
'prominent  morning  newspaper  printed  an  editorial  concerning 
the  case,  suggesting  that  justifiable  euthanasia  had  been  practised 
by  the  daughter.  Two  grand  juries  to  which  the  case  was  pre- 
sented failed  to  indict. 

The  DOSE  of  corrosive  sublimate  which  may  cause  death, 
once  it  is  absorbed,  is  probably  much  smaller  than  is  indicated 
by  the  smallest  quantities  which  have  been  known  to  prove  fatal 
when  swallowed.  Kobert*  estimates  the  minimum  lethal  dose 
for  adults  at  0.18  gm.  (2.78  gr.),  and  KunkeP  at  0.1  gm.  (1.54  gr.) 
if  it  be  rapidly  absorbed.  Taylor'  has  reported  the  case  of  a  man 
of  25  years,  who  died  in  7  days  from  the  effects  of  5  gr.  (0 .  32  gm.) 
taken  in  solution  in  vinegar.  Ketli*  relates  the  case  of  a  phy- 
sician who  swallowed  50  c.c.  of  a  one-per-cent.  solution  of  corro- 

to  take  corrosive  sublimate  by  ill  ^  "Intoxikationen,"     2te     Aufl., 

treatment  and  apprehension  of  preg-  1906,  ii.,  326. 

nancy;    Edinb.    M.    and    S.    Jour.,  «  "  Handb.  d.  Tox.,"  1899,  p.  139. 

1811,  vii.,  150.  '  Guy's  Hosp.  Rep.,  1864,  3  s.,  x., 

'Peo.  V.  Hodgson;  Dean:  "Med.  183.     Taylor    ("Poisons,"    2d   ed., 

Jur.,"   1854,   317.     See  also  Edinb.  460;   "Pr.   and  Pr.   Med.  Jur.,"  2d 

M.  and  S.  Jour.,  1S24,  xxii.,  438.  ed.,  i.,  282)  refers  to  the  fatal  poi- 

^  Burwell:     Am.     Jour.     M.     Sc,  soning  of  a  child  by  three  grains, 

1841,  n.  s.,  ii.,  515.  as  reported  in  Lancet,   1845,  297. 

^  White:  Boston  M.  and  S.  Jour.,  We  fail  to  find  the  report  in  either 

1861,  Ixv.,  169.  volume  for  that  year. 

*The  case  last  referred  to  is  that  'Pest,  med.-chir.  Presse,  1878, 

of   State  y.    Mattie   C.    Shann,    the  xiv.,  129,  150. 
salient  points  of  which  are  given  in 
the  note  on  p.  139. 
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sive  sublimate  (  =  0.5  gm.  =  7f  gr.)  and  died  on  the  eighth  da}-. 
But  much  smaller  quantities  have  been  known  to  cause  the 
death  of  parturient  females  when  used  in  intra-uterine  or  vagi- 
nal irrigations.  Thus  Vohtz^  used  a  quantity  of  a  1 :  750  solu- 
tion (for  irrigation  after  an  abortion  at  three  months)  which 
contained  about  0 .  25  gm.  (Sf  gr.) .  The  woman  (set.  33)  mani- 
fested the  usual  symptoms  of  mercuric  poisoning  and  died  on 
the  tenth  day.  In  another  instance,  reported  by  Braun/  a 
woman  died  of  mercurial  poisoning  in  7  days  after  intra-uterine 
irrigation  with  1  Hter  of  a  1 :  3,000  solution,  the  total  quantity 
injected  being  therefore  0.34  gm.  (5^  gr.).  In  these  and  other 
similar  cases  only  a  fraction  of  the  amount  injected  can  possibly 
be  absorbed.  On  the  other  hand,  very  large  doses  have  been 
recovered  from:  A  man  of  24  years  accidently  swallowed  a 
quantity  of  a  solution  of  corrosive  sublimate,  used  for  photo- 
graphing purposes,  containing  100  gr.  (6.5  gm.)  of  the  poison; 
he  swallowed  a  pint  of  milk  on  discovering  the  mistake  and 
was  under  medical  treatment  within  ten  minutes,  and  recovered 
after  an  illness  of  a  week.^  A  woman  attempted  suicide  by 
swallowing  ten  antiseptic  tablets  (5  gm.)  dissolved  in  beer,  but 
recovered.*  Another  woman  of  40  years  attempted  suicide 
by  swallowing  an  ounce  of  a  supersaturated  alcoholic  solution 
containing  4  gm.  (13)  of  mercuric  chlorid,  and  ultimately 
recovered  from  the  effects.^  A  hospital  orderly  swallowed  6  gm. 
(192.6  gr.)  in  alcoholic  solution,  from  which  he  recovered." 
An  early  case  is  reported  by  Budd'  in  which^a  woman  is  said  to 
have  recovered  from  the  effects  of  an  ounce  (31  gm.)  of  corrosive 
sublimate  taken  with  suicidal  intent.  In  the  more  recent  case 
of  Dauchez,*  in  which  a  woman  suicide  took  the  poison  soon  after 
eating,  vomited  shortly  thereafter,  and  recovered  after  an  illness 
of  three  weeks,  the  magnitude  of  the  dose  is  rather  vaguely 
stated  as  25  to  30  gm.  (386  to  463  gr.). 

It  has  been  stated  by  Pouqueville,  Rigler,  Tschudi,  and  Polak 
that  opium  eaters  in  the  Orient  are  in  the  habit  of  taking  enor- 

..  '  Hosp.  Tid.,  Kj0b.,   1884,  3  R.,  =  M.  and  S.  Reptr.,  Phila.,  1872, 

"•'55?.  xxvi.,  248. 

Wien.    med.    Wchnschr.,  1886,  °  Armstrong:    Med.    News,    1887, 

xxxvi.,  740.  1.,  67. 

..  'Lodge:  Brit.  M.  Jour.,  1888,  ''Phila.  Med.  Museum,  1806,  ii., 
n.,  720.  180. 

,  'Krauss:  Pest,  med.-chir.  Presse,  »  MM.  mod.,  1904,  xv.,  41. 

1909,  xlv.,  185. 
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mous  quantities  of  corrosive  sublimate  ^40  to  60  gr.  =  2.6  to 
3 . 9  gm.)  along  with  their  opium  without  the  manifestation  of  any- 
untoward  symptoms.  These  statements  have  been  insufficiently 
verified.  It  may  be  possible,  however,  that  the  mercuric  salt 
may  be  rendered  insoluble  by  combination  with  constituents  of 
the  opium.' 

White  precipitate — mercury  chloramidid;  ammoniated  mercury; 
Hydrargyrum  ammoniatum,  U.  S.  P. — NHjHgCl — 251 .  27 — 
is  a  white,  odorless,  and  tasteless  powder  produced  by  adding 
a  sHght  excess  of  ammonium  hydroxid  to  a  solution  of  mer- 
curic chlorid.  It  is  known  as  infusible  white  precipitate. 
to  distinguish  it  from  a  related  compound,  NHjHgCl,  NH^Cl, 
called  fusible  white  precipitate.  When  heated,  it  volatilizes 
completely  without  fusion.  It  is  insoluble  in  cold  water, 
alcohol,  or  ether.  It  dissolves  completely  in  hydrochloric 
acid  and  in  acetic  acid.  It  is  used  medicinally  in  its  own  form 
and  in  an  ointment  (Ung.  hydrarg.  ammon.,  U.  S.  P.  ),  and  is 
contained  in  a  few  proprietary  articles.^ 

Poisonings  by  white  precipitate  have  been  of  not  infrequent 
occurrence,  and  the  proportion  of  attempts  at  homicide,  6  out  of 
22  cases,  is  relatively  large.  But  1  of  these,  however,  was 
successful  (Reg.  v.  Moore,  1860)  in  which  a  child  of  3  months 
was  poisoned  by  its  mother.^  Two  cases  were  unsuccessful  at- 
tempts at  suicide,  1  with  a  mixture  of  90  gr.  (5.8  gm.)  each 
of  white  precipitate  and  red  oxid.*  In  6  instances  the  poison 
was  taken  in  consequence  of  errors  on  the  part  of  the  druggist 
or  patient.^  In  one  case  a  woman  suffered  from  the  local  effects 
of  ointment  of  white  precipitate  applied  as  "dandruff  cream."" 

'  See  Pouqueville:  "  Voyage  dans  Seaham,     1S69;    a    boy   of   twelve 

la     GrSce,"     etc.,     Paris,     1820-21.  years,   convicted  in   1873;  Reg.  v. 

Thornton :' '  The  Present  State  of  Tur-  Clapp,  1874. 

key,"  London,  1809.     Rigler:  "Die  *  Benham  and  Hendley:  Brit.  M. 

Tiirkei  und  ihre  Bewohner,"  Wien,  Jour.,  1885,  i.,  484. 
1852.      Tschudi:   Wien.   med.   Wch-  =Sandberg:  Brit.  M.  Jour.,  1889, 

nschr.,      1851,      i.,      454.       Byron:  i.,  709  (for  sal  ammoniac).    Steven- 

" Notes  to   Childe   Harold,"   ii.,    33.  son:  Guy's  Hosp.  Rep.,  1874,  3  s., 

Polak:  Wien.  med.  Wchnschr.,  1860,  xix.,  415  (for   magnesia).     Lancet, 

X.,  564.  1871,    ii.     540    (for   bicarbonate  of 

'Hahn  u.   Holfert:  Op.  c?J.,  Nos.  soda).     Hardy:    Brit.    Med.    Jour., 

125,  1723,  2249,  2357.  1876,   ii.,   76   (for  seidlitz  powder). 

'Taylor:     Guy's    Hosp.     Repts.,  Stephens:   Brit.  M.  Jour.,  1876,  i., 

1860,  3  s.,  vi.,  483.     The  other  cases,  781     (for     lac     sulfuris).     Cockle: 

also  referred  to    in    Taylor,     "Poi-  Med.  Times  and  Gaz.,  1882,  i.,  302. 
sons,"    are    Reg.    v.    Daniel,    1855;  « Green:  Brit.  M.  Jour.,  1884,  i., 

Reg.  V.  Hargreaves,   1866;  Reg.    v.  853. 
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Among  the  22  cases  reported  only  3  were  fatal,  2  in  children  of 
3  months,'  and  1  a  woman  who  died  in  7  days  after  taking  an 
unstated  quantity  by  mistake.^  Only  in  Short's  case  is  the  dose 
stated,  20  gr.  (1.3  gm.).  MichaeP  reports  the  case  of  a  woman 
of  37  years  who  recovered  after  having  taken  100  gr.  (6.5 
gm.) ;  and  Graham''  that  of  a  man  of  35  years,  who  was  severely 
poisoned  by  about  25  (7.8  gm.),  but  recovered. 

Mercuric  iodid — biniodid  or  red  iodid  ;  Hydrargyri  iodidum 
nibrum,  U.  S.  P. — Hglj — 452.88 — is  a  brilliant  red  powder 
produced  by  precipitating  a  solution  of  m.ercuric  chlorid  with 
one  of  potassium  iodid.  If  an  excess  of  the  alkaline  iodid  be 
used  the  precipitate  redissolves  as  potassium  iodhj^drargy- 
rate.  It  is  almost  insoluble  in  water  (1  :  20,000),  but  forms  a 
colorless  solution  with  about  130  parts  of  alcohol.  It  dissolves 
readily  in  potassium  iodid  solution,  in  many  dilute  acids,  and 
in  solutions  of  ammoniacal  salts,  alkaline  chlorids,  and  mer- 
curic salts.  It  is  one  of  the  constituents  of  Donovan's  solution, 
(Liq.  Arsen.  et  Hydrarg.  lod.,  U.  S.  P.),  and  is  contained  in 
a  few  proprietary  remedies.^ 

We  find  mention  of  but  two  instances  of  poisoning  in  the 
human  subject  by  this  agent.  One  that  of  a  man  of  25  years, 
who,  with  suicidal  intent,  swallowed  the  whole  of  a  prescrip- 
tion which  he  had  been  taking  for  syphilis.  The  symptoms 
differed  from  those  usually  observed  in  mercurial  poisoning; 
although  ptyalism  appeared  in  about  30  hours,  and  there  were 
vomiting  and  abdominal  distress,  there  was  no  disposition  to 
diarrhoea,  and  nothing  is  said  in  the  account  of  suppression  of 
urine.  The  most  prominent  symptoms  were  muscular  spasms, 
stupor,  and  a  peculiar  regurgitation  at  each  attempt  to  swallow.^ 
The  second  case  was  that  of  a  woman  who  died  in  4  days 
from  the  effects  of  an  irrigation  with  a  solution  of  the  biniodid 
1  :  2,000  after  normal  delivery.  There  was  suppression  of  urine, 
and  the  autopsy  showed  the  lesions  of  acute  nephritis.'  Davies^ 
has  reported  an  attempted  suicide  by  potassium  iodhydrargyrate. 

'Taylor:  Loc.   cit.     Short:    Med.  " Taylor:  Boston  M.  and  S.  Jour., 

iimes  and  Gaz.,  1860,  i.,  444.  1870,  n.  s.,  v.  (Ixxxii.),  4'J'J. 

Stevenson:  Loc.  cit.  '  Grossier,  in  Sebillotte:  Op.  cit., 

Bnt.  M.  Jour.,  1857,  ii.,  909.  p.  155.     See  also:  Morell  Lavall^e: 

(JiA,  1869,  i.,  329.  Schmidt's    Jahrb.,     l:s93,    ccxxxii., 

Q7e  on      "•  Holfert:  Op.  cit.,  Nos.  127. 

876,  880,  1483,  1608.  «  Brit.  Med.  J.,  1907,  ii.,  1775. 

IV.-47 
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Simpson'  relates  a  case  in  which  mercuric  poisoning  resulted 
from  the  administration  of  calomel  to  a  patient  with  an  intro- 
periboneal  iodoform  gauze  dressing,  and  Hirschberg^  a  case  in 
which  mercuric  symptoms  resulted  from  the  appHcation  of 
calomel  to  the  eye  of  a  patient  under  potassium  iodid. 

Mercuric  sulfate — HgSOi — 295.62 — is  a  white,  crystal- 
line powder,  manufactured  as  the  first  stage  in  the  production 
of  corrosive  sublimate.  On  contact  with  water  it  is  decom- 
posed into  an  acid  salt,  which  dissolves,  and  turpeth  mineral 
(see  below). 

Two  cases  of  poisoning  by  this  salt  have  been  reported.  In 
one  a  man  swallowed  a  quantity  of  the  salt  used  in  the  mount- 
ing of  certain  electrical  apparatus,  by  mistake.  He  recovered 
in  8  days.^  In  the  second  case  death  occurred  in  22  days,  after 
complete  anuria.*  In  Hoboken,  N.  J.,  in  1899,  mercuric 
sulfate  was  dispensed  by  a  druggist  in  mistake  for  sodium 
sulfocarbolate,  causing  the  death  of  a  woman. 

Turpeth  mineral  —  turhith  mineral  —  HgS04,  2HgO  —  a 
basic  mercuric  sulfate,  formed  as  a  lemon-yellow  powder  by  the 
action  of  water  upon  mercuric  sulfate,  soluble  in  2,000  parts  of 
cold  water,  was  formerly  official  and  is  still  used  to  some  extent 
in  medical  practice. 

It  has  proved  poisonous  to  persons  beyond  the  age  of  child- 
hood in  three  reported  instances :  In  one  eight  men  received  each 
5  gr.  (0.3  gm.)  of  turbith  and  3  gr.  (0.2  gm.)  more  in  half  an 
hour;  they  all  suffered  from  a  sense  of  burning  in  the  throat  and 
fauces,  vomiting,  diarrhoea,  much  griping  and  depression.  In 
one  there  were  soreness  of  the  gums  and  salivation.  None  died.^ 
In  the  other  two  instances  the  dose  taken  was  larger,  and  death 
followed  after  the  usual  manifestations  of  mercurial  poisoning: 
In  one  a  youth  of  16  died  in  a  week  from  the  effects  of  15  (3.9 
gm.);*  in  the  second,  which  was  the  subject  of  a  trial  for  man- 
slaughter in  England  in  1862,  a  man  of  27  years  died  in  11 
days  from  the  effects  of  40  gr.  (2.6  gm.)  dispensed  by  mistake 

'  Amer.    J.    Obst.,    189S,    xxxvii.,  sehr.,  18S9-90,  ex  Leutert:  Of.  dt., 

433.  p.  89.     A  detailed  account  of  this 

^"Ophthalm.       Mitth.,"       1S88.  case  is  given  by  v.  Jaksch;  Noth- 

See  also:   Ott:   Gazz.   int.   di  med.,  nagel:  "Spec.  Path.  u.  Ther.,"  Wien, 

1909,  xii.,  231.  1894,  i.,  220. 

=  Van  der  Burg:  Nederl.  Tijdsch.  =  Randolph    and    Roussel:    Med. 

V.  geneesk.,  1880,  2R.,  xvi.,  333.  News,  Phila.,   1884,  xliv.,  275. 

,      'Ludwig:       Wien,      kl.       Wchn-  >=  Letheby:  Lancet,   1847,  i.,  285. 
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of  the  druggist.'  Some  instances  have  been  reported  in  which 
doses  of  from  3  to  6  gr.  (0.2  to  0.4  gm.)  of  turpeth,  medicin- 
ally given,  have  proved  fatal  to  young  children,  death  having 
occurred  in  collapse  in  from  3  to  15  hours,  apparently  from 
acute  gastritis  rather  than  the  usual  nephritic  action  of  the 
mercurials.^  Another  who  received  0.36  gm.  in  two  doses 
given  15. minutes  apart  as  an  emetic  without  producing  vomit- 
ing, suffered  from  diarrhoea  and  ulceration  of  the  mouth  and 
gums,  but  recovered.^ 

Mercuric  nitrate — ^Hg(N03)2 — 323.76 — exists,  along  with 
excess  of  nitric  acid,  in  the  Liq.  hydrargyri  nitratis,  U.  S.  P., 
and,  incorporated  with  lard  oil,  in  the  Ung.  hydrargyri  ni- 
tratis, U.  S.  P.,  or  citrine  ointment.  The  Liqueur  de  Belloste 
or  remede  de  capucin  or  du  due  d'Antin  is  a  solution  of  mer- 
curous  nitrate  (Hg2[N03]2),  with  excess  of  nitric  acid.  Mercuric 
nitrate  is  also  used  in  painting  on  porcelain;  and,  either  alone 
or  mixed  with  white  arsenic  and  corrosive  sublimate,  by  hatters 
and  furriers;  and  in  veterinary  medicine.  A  solution  of  mer- 
curic nitrate  is  sold  as  a  "silvering  liquid."* 

Poisonings  by  this  salt  may  be  divided  into  three  classes:^ 
1.  Those  in  which  the  acid  solution  is  swallowed.  2.  Those  in 
which  the  solution  or  ointment  is  externally  applied.  3.  Chronic 
eases  occurring  in  hatters  and  furriers,  etc.  The  first  class  of 
cases  manifest  the  symptoms  of  nitric-acid  corrosion  (see  page 
296)  and  death  occurs  within  a  few  hours,  usually  without  any 
of  the  appearances  of  mercurial  poisoning.  In  3  cases  of  sui- 
cide death  occurred  in  25  minutes  and  2\  and  3  hours. °  In 
another  suicide  life  was  prolonged  for  12 J  hours,  and  although 
the  symptoms  were  those  of  corrosion,  and  death  was  the  result 
of  the  local  effects,  at  least  one  of  the  effects  of  mercury,  sup- 
pression of  urine,  was  observed.'  In  one  instance  death  from 
suffocation  immediately  followed   an   application   of  the  acid 

'  Taylor    (Snoad) :    Guy's    Hosp.  trav.  comm.  consult,  d'hyg.,  (1894) 

Rep.,  1864,  3  s.,  x.,  180.  1895,  xxiv.,  68. 

^McPhedron:  Med.  News,  Phila.,  ^  Not    including   Phillips',   fatal 

1883,   xliii.,  682.    "  Medicus,"  Med.  case,  see  p.  740. 

and  Surg.  Reptr.,  Phila.,   1884,    1.,  «  Hickenbotham:   Brit.   M.   Jour., 

93.    Northrup:   Proc.    N.    Y.   Path.  1872,    i.,    113.     Fauvel:    Bull.    Soc. 

Soc,    1890,    34    (two    cases).  d'anat.,     Paris,      1837,     xii.,      175. 

^Woodbridge:  Occid.  Med.  Times,  Bigsley:    London    M.    Gaz.,     1830, 

1891,  v.,  123.  vii.,  329. 

'Dubrisay    and    Ogier:    Rec.    d.  '  Chamb^:  These,  Strasb.,  1857. 
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nitrate  to  the  throat  as  an  escharotic'  The  pronounced  taste  of 
the  poison  and  its  immediate  local  action  frustrated  an  attempt 
at  homicide  by  the  administration  of  mercuric  nitrate  in  cham- 
omile tea.^  The  death  of  a  man  of  73  years  following  in  23 
days  after  he  had  accidentally  swallowed  half  a  glassful  of  the 
solution  is  reported  by  Prevost.^  Philhps*  reports  the  death 
of  a  woman  caused  by  injection  of  mercuric  nitrate  .into  the 
vagina  to  cause  abortion. 

When  the  intoxication  is  produced  by  external  appHcation 
the  poison  is  absorbed,  and  the  symptoms  are  not  those  of  corro- 
sion, but  those  of  mercurial  poisoning,  death  is  usually  delayed 
for  several  days,  and  the  lesions  of  acute  mercurial  poisoning 
are  observed  at  the  autopsy.^ 

When  mercurial  poisoning  occurs  in  hatters,  furriers,  and 
others  from  constant  contact  with  mercuric  nitrate  it  assumes 
the  chronic  type." 

Mercuric  cyanid — Hydrargyri  cyanidum,  U.  S.  P.,  Hg(CN)2— 
251.94 — white,  prismatic,  odorless  crystals  having  a  bitter, 
metallic  taste,  which  become  darkened  on  exposure  to  light;  solu- 
ble in  12.8  parts  of  water  and  in  15  parts  of  alcohol  at  15°  (59°F.). 
Aqueous  solutions  of  mercuric  cyanid  dissolve  mercuric  oxid. 
The  solution  becomes  alkaline,  and  deposits  acicular  crystals  of 
mercuric  oxycyanid,  Hg(CN)2,HgO,  which,  like  mercuric  cyanid, 
is  used  as  an  antiseptic  in  surgery. 

We  find  record  in  medical  literature  of  fifteen  cases  of  poison- 
ing by  the  c^ranid  or  oxycyanid,  of  which  seven  were  suicidal  and 
eight  accidental,  and  eight  were  fatal.'     As  this  compound  con- 

'Taylor: Guy's Hosp.Rep:, 1851-2,       Vidal:  C.  rend.  Soo.  de  biol.,  1863 

2  s.,  vii.,  206.  (1864),  3  s.,  v.,  193.    Dubar:  Gaz. 
2  Reg.    V.    Smith,    1857;     Taylor:      des  hop.,  1867,  xi.,  493.     Stevenson- 

"Poisons,"    3d    Am.    ed.,    388.     A  Taylor:  "  Med.  Jur.,"  Uth  Am.  ed., 

case   of  poisoning   by   Hg(N03)2  is  145.     Cabaret:  Gaz.  des  hop.,  1854, 

reported  by  Scalzi  (Giorn.  med.  di  xxvii.,     119.     Bossard:     Dermatol. 

Roma,   1867,  iii.,   14),  to  which  we  Ztschr.,  1897,  iv.,  80. 

have    not    access.      Two    coroner's  *  Taylor:  Guy's  Hosp.  Rep.,  1864, 

cases  are  noticed  in  Pharm.  J.,  4s.,  3  s.,  x.,   173.     Axenfeld:    Gaz.   des 

1904,     xviii.,     505     (S),     and    xx.,  hop.,   1870,  xliii.,  97.    Stadthagen: 

920  (A).  Deut.    med.    Wchnschr.,    1884,    x., 

"  Rev.    mM.    d.   1.    Suisse   Rom.,  202.     Charpentier:     Bull.     soc.    de 

1882,  ii.,  5.54,  605,  m^d.    puH.,    etc.,    1885,    viii.,    12. 

^Trans.Obstet. Soc.  London,  1890,-  Adler:     Med.     News,    Phila.,    1891, 

xxxii.,  308.  lix.,    186.   Clark:   Med.  Rec,    1893, 

^  Jour,  de  chim.  m^d.,  etc.,  1847,  xliii.,  13. 

3  s.,  iii.,  197.  Hutin  (Cloquet):  '  Kapeler's  case,  reported  by 
Child,  quoted  by  Chambg:  Op.  cit.  Orfila: ''Tox.  gfo.,"  Seme  ed.,  i.,  735; 
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tains  two  eminently  toxic  components,  mercury  and  cyanogen,  and 
as  the  action  of  the  latter  is  very  much  more  rapid  than  that 
of  the  former,  it  would  be  expected,  a  -priori,  that  in  fatal  cases 
death  would  occur  in  a  short  time  from  cyanic  poisoning,  rather 
than  after  an  illness  of  several  days  from  the  more  tardy  mer- 
curial action.  But  the  contrary  is  the  case.  In  von  Jaksch's 
patient  there  were  spasms  and  deep  cyanosis,  with  almost  black 
blood  and  threatening  exitus,  on  the  third  day — manifestations 
which  V.  Jaksch  ascribes  to  cyanic  poisoning,  but  which  Pohl 
does  not  consider  to  be  due  to  that  cause.  With  this  exception, 
if  it  be  one,  the  symptoms  in  all  of  the  cases  have  been  those 
of  a  pure  mercurial  poisoning,  without  any  cyanic  effect  whatever. 
An  explanation  of  this  apparent  anomaly  is  found  in  the  fact 
that  in  aqueous  solution  mercuric  cyanid  is  electrolytically 
dissociated  to  but  a  trifling  extent,  if  at  all.*  This  being  the 
case  one  would  expect  mercuric  cyanid  to  be  inert  as  to  both 
its  mercuric  and  cyanic  ions.  But  if  its  non-ionization  be  not 
absolute,  as  is  probably  the  case,  we  may  infer  that  the  rapid 
elimination  of  the  cyanic  ion  during  its  very  gradual  liberation 
causes  its  removal  before  a  sufficient  quantity  has  been  liberated 
to  affect  the  organism,  while  the  slow  elimination  and  fixation  of 
the  mercuric  ion  in  albumin  combination,  bring  about  its  accumu- 
lation, to  accomplish  a  quasi  cumulative  toxic  action.  Experi- 
ments upon  animals  with  mercuric  cyanid  have  been  made  by 


Ollivier:  J.  de  chim.  med.,  1825,  i.,  R.,    oxycyanid,    5    gm.      See    also: 

210;  Flandin:  "Tr.  d.  Poisons,"  ii.,  Lottmann:  Therap.  Mntshft.,  1901, 

127;     Galtier:     " Toxicologie,"     ii.,  xv.,  435.     Manseau:  Pharm.  Jhbt., 

52,   man,   suicide,    1.3  gm.,   death,  1901,  xxxvi.,  246,  A.     Balzer:  Ann. 

9  days.    Thibert:  Amer.  J.  M.  So.,  de   dermat.,   1903,  iv.,  255,   M.  37, 

1842,    n.   s.,    iii.,    490,    M.    39,    A.,  A.,  intravenous  inj.,  0.1  gm.  in  50 

0.65  gm.,  D.  9  days.     Moos:  Virch.  days,  R.     Gaussel;  Montpelier  m^d.. 

Arch.,    1866,     xxi.,     117,     M".     ad.  1905,  xxi.,  565,  F.  23,  S.,  0.02  gm., 

(physician),  S.  ca.  2  gm.  R.     Klob;  D.    8  d.      Berthe  and    Mongour:    J. 

Wien.  med.  Presse,  1868,  xxvii.,  64,  de  med.  de  Bordeaux,  1906,  xxxvi., 

F.  28,    A,    D.    2d    day.     Virchow:  64,  F.  20,  S.,  5  gm.,  R.     Thiroloix: 

Deut.   med.  Wchnschr.,  1888,    xiv..  Bull.  m6d.,  1907,  xxi.,  702,  M.  ad. 

993,  M.  ad.  S.  D.  8  d.     Richmond:  A.,  less  than  0.025  gm.  oxycyanid, 

Guy's  Hosp.   Rep.,   1898,  xii.,  486,  inj.  into  urethra,  D.  9  d.     Pharm.  J., 

F.   56,    A.    R.     Sarda:    J.    d.    mal.  1907,  4  s.,  xxv.,  724,  F.  61,  S.  D. 

cutan.,  etc.,  1899,  xi.,  658,  M.  50,  ^  Prussia:  Gazz.  chim.  ital.,  1898, 

inj.  into  urethra,  R.     Chaleix-Vivie:  xxviii.,    113,    ex    Ztschr.    f.    physik. 

Rev.  mens,  de  gyn.,  etc.,  1899,   i.,  Chem.,  1899,  xxviii.,  573,  has  found 

507,  F.  29,   vaginal   inj.,    D.    10  d.  that   in   aqueous   solution   mercuric 

V.  Jaksch:  Prag.   med.   Wchnschr.,  cyanid  has  practically  no  electrical 

1901,  xxvi.,  122.  F.  ad.   (nurse),  S.  conductivity. 
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Ollivier/  Pelikan,-  Tolmatscheff,'  Wladikin/  and  Welp.'  In 
all  of  these  in  which  the  death  of  the  animal  resulted,  the  dose 
administered  was  large,  and  death  occurred  in  from  half  a  minute 
to  46  hours  after  characteristic  cyanic  effects,  and  with  no  mani- 
festation of  mercurial  poisoning,  except  in  some  of  Wladikin's 
experiments,  in  which  the  doses,  although  lethal,  were  not  mass- 
ive. In  these  cyanic  effects  were  entirely  absent,  and  death 
occurred  in  3  to  10  days,  with  characteristic  mercuric  symptoms 
and  lesions.  As  mercuric  cyanid,  although  not  decomposed  by 
oxyacids,  is  attacked  by  hydracids  according  to  the  equation, 
Hg(CN)2  +  2HCl=HgCl2  +  2HCN,  formation  of  mercuric  chlorid 
and  hydrocyanic  acid  probably  occurs  in  the  stomach  to  the 
extent  of  the  free  hydrochloric  acid  available. 

In  the  latter  part  of  1898  two  homicidal  deaths  from  mer- 
curic cyanid  occurred  in  New  York  City,  one  of  which  was  the 
subject  of  the  two  trials  of  the  case  of  People  v.  Mohneux." 

In  the  latter  part  of  October,  1898,  one  B received  through  the 

mails  what  appeared  to  be  an  ordinary  package  of  K 's  salt,  an 

effervescent  aperient.     On  the  morning  of  Oct.  28  B took  a 

dose  from  this  package,  and  was  immediately  seized  with  violent 
vomiting  and  purging,  the  stools  consisting  of  mucus  containing 

blood.     He  was  seen  in  the  forenoon  by  Dr.  P ,  who  diagnosed 

the  case  as  one  of  irritant  poisoning,  the  symptoms  of  which 

abated  during  the  day.     B was  seen  by  Dr.  D on  Oct.  30, 

when  he  was  suffering  from  stomatitis,  which  the  physician  diag- 
nosed as  diphtheria,  diarrhoea,  with  from  3  to  15  stools  daily, 

and  nephritis  as  shown  by  the  examination  of  the  urine.     B 

died  on  Nov.  10,  13  days  after  having  taken  the  K powder. 

No  autopsy  was  made  at  that  time,  and  the  body  was  buried  by 

authority  of  Dr.  D 's  certificate,  assigning  the  cause  of  death 

,as  "cardiac  failure  following  faucial  diphtheria."  Two  cultures 
had  been  made  of  the  supposed  diphtheritic  membrane,  in  which 
no  Klebs-Loeffler  bacilli  were  found.  The  doctor  had  not  re- 
ported the  case  to  the  Board  of  Health  as  one  of  diphtheria. 

An  analysis  of  the  K powder,  made  during  the  lifetime  of 

B ,  at  Dr.  D 's  request,  showed  it  to  contain  mercuric 

'  Loc.  CT<.,  also  in  Orfila,  Loc.  c!<..  ' Hoppe-Seyler's    "Med.-chem. 

p.  733.  Unt.,"  Berlin,  1871,  285. 

2 "  Beitr.     z.    ger.     Med.,"     etc.,  *  Diss.,  Bern,  1878. 

Wurzb.,  1858,  73.  =  Diss.,  Kiel,  1898. 

«  168  N.  Y.,  264,  1901. 
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cyanid.  A  subsequent  analysis  of  the  powder  showed  it  to  con- 
tain 46.84  per  cent,  of  mercuric  cyanid,  as  calculated  from  a 
determination  of  cyanogen,  and  47.18  per  cent,  as  calculated 
from  a  determination  of  mercury.  The  powder  gave  off  no  odor, 
which,  in  connection  with  the  close  approximation  of  the  two 
determinations,  indicates  that  all  of  the  cj-anogen  present  was  in 
the  form  of  mercuric  cyanid.  The  body  of  B — ■ —  was  exhumed 
Feb.  8,  1899.  An  autopsy  revealed  no  characteristic  lesions, 
either  of  diphtheria  or  of  mercurial  poisoning.  An  analysis 
showed  the  presence  of  cyanogen  in  appreciable,  though  un- 
weighable  amount  in  the  liver,  and  of  mercury  in  the  proportions 
of  5.59  mgm.  per  100  gm.  in  the  kidneys,  2.0  mgm.  in  the  liver, 
2.0  mgm.  in  the  large  intestine,  and  0. 10  mgm.  in  the  brain.  In 
this  case  mercuric  cyanid  had  been  taken  in  its  own  form,  with- 
out the  presence  of  a  decomposing  agent,  and  had  produced 
purely  mercurial  effects  as  in  other  human  poisonings  by  this 
substance. 

It  does  not  seem  probable  that  the  B case  would  ever 

have  been  investigated  but  for  the  occurrence  of  a  second  poi- 
soning by  the  same  agent,  but  under  circumstances  which  caused 
it  to  produce  a  sudden  cyanic  death  in  place  of  the  slow  mercurial 

illness.     On  Dec.  24,  1898,  one  C received  through  the  mails 

a  package  containing  a  small  bottle  of  B.-S.,  a  proprietary  effer- 
vescent "  pick-me-up."     On  the  evening  of  Dec.  27  C took  the 

unopened  bottle  to  his  boarding  place,  where,  the  following 

morning,  his  landlady,  Mrs.  A ,  took  a  teaspoonful  of  its 

contents  in  water  to  relieve  a  headache.  She  remarked  that  it 
tasted  queer;  in  less  than  a  minute  she  vomited  violently,  and 
in  less  than  five  minutes  fell  to  the  floor  unconscious.  She 
was  seen  within  fifteen  minutes  by  a  physician,  who  found  her 
with  stertorous  respiration,  a  peculiar  bluish  pallor,  and  a  flick- 
ering pulse.  Hypodermics  of  stimulants,  inhalation  of  ammonia, 
and  artificial  respiration  were  resorted  to,  but  she  died  in  less 
than  half  an  hour  after  having  taken  the  powder.  At  the 
autopsy,  made  about  30  hours  after  death,  rigor  mortis  was  well 
marked,  the  odor  of  peach  kernels  was  observed  in  the  brain  and 
in  the  abdominal  and  thoracic  cavities,  the  vessels  of  the  cere- 
bral meninges  were  somewhat  congested,  and  the  blood  was  dark. 
An  analysis  showed  the  presence  of  cyanogen  and  of  mercury  in 
the  viscera:  0.2743  gm.,  calculated  as  mercuric  cyanid,  in  the 
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stomach  and  contents,  0.3298  in  the  intestine  and  contents, 
0.0684  in  the  liver,  0.0043  in  one  kidney,  and  0.0018  in  the 
brain.  Or  in  mgm.  per  100  gm.  of  tissue:  140.7  in  the  stomach 
and  contents,  23.0  in  the  intestines  and  contents,  4.9inthehver, 
2.5  in  the  kidney,  and  0. 13  in  the  brain.  The  total  quantity  of 
mercury  separated  in  the  several  determinations  represented 
0.7808  gm.  (13.05  gr.)  of  mercuric  cyanid.  The  powder  in 
the  bottle,  which  had  been  somewhat  disturbed,  although  not 
mixed,  contained,  besides  the  ingredients  of  B.-S.,  mercuric 
cyanid  in  varying  proportion.  That  in  the  upper  part  contained 
42.15  per  cent,  as  calculated  from  a  determination  of  mercury, 
and  41 .62  per  cent,  as  calculated  from  a  determination  of  cyano- 
gen, while  in  the  lower  part  the  proportion  of  mercuric  cyanid 
was  only  8.12  per  cent,  as  calculated  from  mercury.  Probably 
a  mixture  of  B.-S.  with  mercuric  cyanid  had  originally  been 
placed  in  the  upper  part  of  the  bottle,  upon  a  substratum  of 
pure  B.-S.  This  powder  gave  off  a  distinct  odor  of  hydrocyanic 
acid,  which  increased  in  intensity  with  the  lapse  of  time.  Among 
the  ingredients  of  B.-S.  are  tartaric  acid  and  potassium  bromid. 
The  latter  is  decomposed  by  the  former  with  liberation  of  free 
hydrobromic  acid:  C,H,05.H2  +  2KBr  =  C4H,OeK2  +  2HBr,  and 
mercuric  cyanid  is  decomposed  by  hydrobromic  acid  with  libera- 
tion of  free  hydrocyanic  acid:  Hg(CN)2  +  2HBr  =  HgBr2  4-2HCN. 
Death  in  this  case  was  therefore  caused  by  hydrocyanic  acid, 
not  by  mercuric  cyanid. 

An  instance  of  chronic  poisoning  by  mercuric  cyanid  (used 
in  the  manufacture  of  percussion  caps)  complicated  with,  and 
terminating  in  death  from,  an  acute  poisoning,  is  reported  by 
Klob.^  Other  cases  of  chronic  poisoning  from  cyanid  or 
fulminate  are  reported  by  Bamberger,^  Lancereaux,'  and 
Faucher.* 

Other  Organic  Compounds  of  Mercury. — Mercuric  thio- 

CYANATE  (sulfocyanid) — Hg(CNS)2 — enters  into  the  composition 

of  the  toys  called  Pharaoh's  serpents.     An  instance  in  which 

death  resulted  in  15  days  from  the  effects  of  a  powder  containing 

the  thiocyanate  accidentally  administered  is  reported  by  Brou- 

ardel    and    Ogier.^     A    boy   of    3    years    died   from  eating  a 

'  Wien.  med.  Presse,  186S,  xxvii.,  '  Rev.    San.   d.    Bordeaux,   1886, 

64.  iii.,  165. 

"Deut.  Klin.,  1S50,  ii.,  110.  =  Ann.    d'hgy.,    etc.,    1893,    3   s., 

'Gaz.  d.  hop.,  1801,  Ixiv.,  417.  xxix.,    352.     See    also:    Ouchinsky: 
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"Pharaoh's  serpent's  egg." '  Other  non-fatal  poisonings  by 
Pharaoh's  serpents  are  reported  by  Peter/  Love/  and  Bose.* 

An  account  of  the  fatal  poisoning  of  two  chemists  by  inhala- 
tion of  the  vapor  of  mercury  dimethyl,  Hg(CH3)2,  is  given 
by  Edwards/  The  poisonous  action  of  mercury  diethyl, 
Hg(C2H5)2,  upon  animals  has  been  studied  by  Hepp;"  that  of 
mercury  diphenyl,  Hg(C8H5)2  by  Louise  and  Moutier,'  and  that 
of  the  methyl  and  ethyl  anilin  derivatives  by  Benedicenti  and 
PoUedro.* 

Several  organic  compounds  of  mercury  are  used  medicinallj^: 
the  benzoate,  choleate  (mergal),  ethylene  diamin  sulfate  (sub- 
lamin),  lactates,  methyl  arsenate,  neucleate  (mercurol),  basic 
salicylate,  salicyl  arsenate  (enesol),  tannate,  and  compounds 
of  mercury  with  casein  (sapodermin),  formamid,  sozoiodol,  and 
succinamid. 

ACUTE  MERCURIAL  POISONING. 

Duration. 

The  usual  duration  of  fatal  cases  of  mercurial  poisoning  is 
from  5  to  12  days.  In  a  few  instances  death  has  occurred 
within  a  few  hours.  The  most  rapidly  fatal  case  of  true  mer- 
curial poisoning  of  which  we  can  find  record  is  that  reported  by 
Nothrup'  in  which  a  child  of  14  months  died  in  3  hours  from 
the  effects  of  3  gr.  of  turpeth  mineral.  In  Skegg's  case^°  a  man  of 
54  years  died  in  3 J  hours  from  the  effects  of  112  gr.  (7.26  gm.) 
of  corrosive  sublimate.     A  woman  suicide  died  in  4f  hours  with 

Ibid.,    347.    Love:    St.    Louis    M.  "  Lancet,  1863,  i.,  119.     There  are 

and  S.  Jour.,   1881,  xlii.,  291,  and  six  reported  cases  of  shorter  dura- 

Dubrisay  and   Ogier:   Reo.  d.  trav.  tion,    but   of   these   three   [Bigsley: 

Coram,     consult,     d'hyg.,     (1894),  London    M.    Gaz.,    1830,    vii.,    329 

1895,  xxiv.,  68.  (three   hours);     Fauvel:    BulL   Soc. 

'  Pharm.  J.,  1906,  4  s.,  xxii.,  767.  d'anat.,  Paris,  1837,  xii.,-  175  (two 

^  Union  m^d.,   1865,  ex.,  525.  and  a  quarter  hours);  and  Hicken- 

^St.  Louis   M.   and   S.   J.,    1881,  botham:    Brit.    M.    Jour.,    1872,    i., 

^™-)291.  113     (twenty-five     minutes)]     were 

•Indian  M.  Gaz.,  1905,  xl.,  99.  by  mercuric  nitrate  which  acted  as 

St.  Earth.  Hosp.  Rep.,  1865,  i.,  a  corrosive  rather  than  as  a  mercu- 

1\1-              '  rial    poison.     In     Bigham's   case 

"Arch.   f.   exp,   P.    u.    P.,    1887,  (Amer.    M.    Times,    1862,   iv.,  347) 

xxnj.,  91.  the  evidence  that  death  was  caused 

^  C.  r.  Ac.  sc,  1905,  cxl.,  1703.  by  mercury  is  insufficient.     In  the 

Giorn.    d.    r.    Ac.    di    med.    di  two    cases    referred    to    by    Taylor 

lormo,  1900,  4  s.,  vii.,  55.  ("Poisons,"    3d    Amer.     ed.,     368, 

Proc.    N.    Y.    Path.  Soc,  1889,  369)    the   duration   is   insufficiently 

[1890],  35.  verified. 
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cfidema  of  the  isthmus  of  the  fauces,  caused  by  the  alcohoHc  solu- 
tion of  the  bichlorid,  although  tracheotomy  was  performed.'  A 
large  dose  of  the  same  mercurial  taken  in  vinegar  caused  the 
death  of  a  man  of  32  years  in  5  hours ;^  and  40  gr.  (2.6  gm.) 
of  white  precipitate  proved  fatal  to  a  man  in  the  same  time.' 
A  man  of  76  years  died  in  5^r  hours,  in  collapse  and  without 
having  been  salivated.*  A  child  of  2J  years  died  in  6  hours 
from  the  effects  of  0.7  gm.  (gr.  i.)  of  corrosive  sublimate 
given  in  mistake  for  santonin.^ 

The  longest  duration  of  a  fatal  poisoning  caused  by  a  single 
dose  of  a  mercurial,  taken  by  the  mouth,  was  in  a  woman  suicide 
of  30,  who  swallowed  an  unknown  quantity  of  the  bichlorid  in 
aqueous  solution,  and  died  in  25  days.*  Another  woman  of  67 
years,  who  took  an  alcoholic  solution  of  corrosive  sublimate 
(bedbug  poison)  with  suicidal  intent,  died  in  23  days.''  A  young 
woman  died  in  22  days  from  the  effects  of  0. 162  gm.  (2i  gr.)  of 
corrosive  sublimate;^  another  in  the  same  period  from  the  effect  of 
0.5  gm.;°  and  another  in  20  days  from  the  effects  of  5  gm.  (77gr.)."' 
A  youth  of  14  years  died  in  two  weeks  from  the  secondary  effects 
of  6  gr.  (0.39  gm.)  of  calomel.''  In  a  poisoning  by  mercuric 
sulfate  death  occurred  in  22  days.'^  Kaufmann''  has  reported  the 
death  of  a  woman  in  19  days  from  the  effects  of  200  to  300  c.e. 
of  a  four  per  cent,  solution  of  bichlorid.  In  an  obstetrical  case 
a  woman  died  of  sepsis  following  mercurial  poisoning  in  24  days.'* 

Fatal  cases  resulting  from  the  hypodermic  or  intramuscular 
injection  of  gray  oil  or  calomel  are  always  of  protracted  duration. 
The  most  rapidly  fatal  case  was  that  of  Runeberg,'^  in  which 

•Halla:  Med.-chir.  Centbl.,  1878,  after  cessation  of  the  surgical  use  of 

xiii.,  544.  the  bichlorid. 

2  Lucas:    Med.   Times   and    Gaz.,  »  Sugden:  Brit.  M.  J.,  1905,  i.,  767. 

1871,  ii.,  382.  »  Krauss:  Pest,  med.-chir.  Presse, 

'Moore:    Brit.    M.    Jour.,    1885,  1909,    xlv.,    185,    case    ix;    Schall: 

ii.,  15.  Ziegler's    Beitr.,    1908,    xliv.,    461, 

'  Walker:    Brit.   M.   J.,    1885,   ii.,  case  iii. 

599.  '"Chauffard:     Bull,    m^d.,    1899, 

'  Plant:  Obstet.  Gaz.,  1879,  i.,  489.  xiii.,  129. 

"Halipr^:  Normandie  m6d.,  1907,  "  London  M.  Gaz.,  1836,  xviii.,  484. 

xxii.,     109;    Gascard    and     Bauce:  '^  Ludwig:   Wien.   kl.  Wchnschr., 

J.  de  ph.  et  de  chim.,   1908,  6  s.,  1890,  iii.,  552. 

xxviii.,  5.  13  Jhrbt.  d.  Schles.  Gesell.  f.  vaterl. 

'Smith:  Pac.  M.  and  S.  J.,  1875,  Kult.,  1889,  Ixvii.,  23. 

xvii.,  448.  Belfield  (Med.  Rec,  1886,  "  Braun:  Wien.  med.  Wchnschr., 

XXX.,    197)   has  reported  the  death  1886,  xxxvi.,  740. 

from  mercurial  poisoning  of  a  man  of  "  Finska  lak.-salsk.  handl.,  1888, 

70  years  which  occurred  in  23  days  xxx.,  626. 
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death  occurred  in  24  days.  In  a  case  reported  by  Le  Noir  and 
Camus'  death  occurred  in  one  month  after  the  last  injection, 
while  in  two  of  Claude  and  Dobrovici's  cases^  the  patients  lived 
for  four  and  six  months.  When  the  salicylate  is  used  in  hke 
manner  death  sometimes  follows  more  promptly.  In  one  of 
Bartsh's  cases^  the  duration  was  13  days,  and  in  Homberger's 
case*  it  was  8  days;  but  in  Neubeck's  case^  it  was  57  days. 

Absorption — Distribution. 

Mercurials  are  absorbed  from  the  alimentary  canal  and,  when 
injected,  from  all  the  cavities  and  tissues  of  the  body  in  the 
form  of  a  soluble  albuminous  compound,  which  is  either  mercuric 
chloro-albuminate  or  sodium  chlorid  mercuric  oxid  albuminate; 
and  such  absorption  occurs,  although  slowly,  with  insoluble 
mercurials,  such  as  gray  oil,  calomel,  etc.  That  absorption 
of  soluble  mercurials  from  the  alimentary  canal  begins  immedi- 
ately, and  progresses  rapidly  in  its  initial  stages,  is  shown  by 

the  case  of  Mrs.  A.: ,  who  died  in  about  20  minutes,'  and  in 

the  cases  of  two  suicides  in  which  the  survival  was  probably  of 
short  duration,  as  death  resulted  from  hsemorrhage  from  self- 
inflicted  wounds,'  in  all  of  which  notable  proportions  of  mercury 
were  found  in  the  liver  and  kidneys.  In  the  case  of  calomel 
absorption  from  the  alimentary  canal  is  favored  by  the  presence 
of  an  excess  of  salt  in  the  diet.^  The  experiments  of  Nemser" 
have  shown  that  calomel  is  dissolved  principally  in  the  duodenum 
and  only  to  a  sHght  extent  in  the  stomach,  and  that  its  absorption 
begins  only  at  the  ileum  and  is  complete  in  the  upper  part  of 
the  large  intestine,  as  the  fseces  contain  no  dissolved  mercury. 
When  insoluble  mercurials  are  injected  subcutaneously  or 
imtramuscularly,  solution  by  the  albumins  and  chlorids  of  the 
serum  and  absorption  take  place  irregularly;  deposits,  some- 
times visible  on  X-ray  examination, '"  remaining  at  the  seat  of 

'Bull,  et  m^m.  Soc.  m^d.  d.  hop.  »  Thompson:    Med.     Brief,     1904, 

de  Pans,  1906,  3  s.,  xxiii.,  8.  xxxii.,  364.  This  is,  however,  de- 
Ann,  d.  mal.  v^n.,  1906,  i.,  96.  nied  by  Gaucher  and  Abry:  Ann. 
'Muneh.  med.  Wchnschr.,   1907,  d'hyg.,  1909,  4  s.,  xii.,  460. 

•iv.,  2138.  9  Ztsohr.  f.  physiol.  Chem.,  1906, 

.     Ztschr.  f.  prakt.   Aerzte,    1900,  xlviii.,  562. 

^^■•^  "Neubeck:   Derm.  Ztschr.,  1902, 

Dermat.  Ztschr.,  1902,  ix.,  470.  ix.,  470.    Sicard:  Bull,  et  mem.  Soc. 

See  p.   743,   and   case   No.    23,  m^d.   d.   hop.   de  Paris,   1906,  3  s., 

P-'50.  xxiii.,     25.     Schmidt:    Deut.     med. 

See  p.  750,  Nos.  15  and  16.  Wchnschr.,  1906,  xxxii.,  1545. 
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injection  for  a  long  time.^  To  what  extent  the  mercury  of  blue 
ointment,  applied  by  inunction,  is  absorbed  by  the  skin  is  the 
subject  of  debate.  It  appears  to  have  been  demonstrated  that 
under  these  circumstances  mercury  enters  the  circulation  in 
great  measure,  though  not  exclusively,  by  diffusion  of  the  vapor 
of  the  metal  in  the  lungs.  ^  A  more  or  less  intense  dermatitis 
may  be  produced  by  the  application  of  blue  ointment,  and  par- 
ticularly of  bichlorid,  when  absorption  by  the  skin  undoubtedly 
occurs.^  The  frequent  occurrence  of  poisoning  by  the  bichlorid 
in  obstetrical  practice,*  and  the  occasional  occurrence  of  cases 
in  which  it  has  been  introduced  into  the  vagina  for  other  pur- 
poses,' afford  proof  that  it  is  absorbed  from  the  female  genitals, 
even  when  these  are  uninjured,  except  by  the  action  of  the 
mercurial  itself.  In  poisoning  of  gravid  women  by  large  doses, 
necrotic  changes  are  produced  in  the  placenta,  extending  to  the 
foetal  surface,  and  the  tissues  of  the  foetus  contain  mercury  and 
show  the  lesions  which  it  produces;  but  when  the  dose  is 
relatively  small,  although  it  may  be  sufficient  to  destroy  the 
mother,  and  although  the  placenta  contains  mercury,  neither 
the  metal  nor  its  effects  are  found  in  the  foetus." 

In  the  alimentary  canal  the  quantity  of  mercury  is  greater 
in  the  large  intestine  than  in  the  small  intestine,  whether  it 
be  taken  by  the  mouth  or  administered  hypodermically,  except 
when  death  follows  the  ingestion  rapidly,  when  the  quantities 

'Lukasiewicz:    Wien.    kl.    Wchn-  569,  5S5.  Ziegenspeck:  /6id.,  p.  249. 

sohr.,  1889,  iii.,  573,  594.  Neuburger:  Aerztl.  Sachvers.    Ztg., 

"  Muller:    Vtrljschr.    f.    Dermat.,  1899,  v.,  49.     Hammond:  New  York 

1887,  xiv.,  412.     Remond:     Ann.  de  M.  J.,  1906,  Ixxxiii.,  652.  Michel  and 

dermat.,    1888, 2s.,  ix.,  158.   Pinner:  Barth^lemy:    Rev.    m6d.    de   Test, 

Therap.     Mntsh.,     1889,    iii.,    320.  1907, 3  s.,  xxxix.,  511.    Munk:  Calif. 

Soave:  C.  r.  Ac.  sc,  1889,  cix.,  177.  M.  J.,  1896,  xii.,  71.    Demuth:  Ver.- 

Merget:     Thdse,     Bordeaux,     1888;  Bl.  f.  Pfiilz.  Aerzte,  1895,  xi.,  122. 

"Mercure,"     Paris,     1894.     Cathel-  Doleris   and    Butte:  C.  r.   Soc.  de 

ineu:  Arch.  g^n.  de  m6d.,  1894,  8  s.,  biol.,  1886,  8  s.,  iii.,  491. 
ii.,  38,  148;  Rev.  int.  de  m6d.  et  de  "  Cathelineau:   M6d.   mod.,   1890, 

chir.  prat.,  1895,  vi.,  145.     Lupine:  i.,  513.  Porak:  Arch,  dem^d.  exper., 

Semaine     m6d.,     1895,     xv.,     851.  1894,    vi.,    192.    Bigart:   Bull.  Soc. 

Jordan:  Arch.  f.  Dermat.,  1900,  li.,  anat.  de  Paris,  1898,  5  s.,  xii.,  743. 

355.     Farup:   Ibid.,    1901,  Ivi.,  371.  Strassmann  and  Ziemcke:  Arch.  f. 

'  Neubeck:  hoc.  cit.    Craig:  J.  Am.  Anat.  u.  Physiol.,  Phys.  Abt.,  1899, 

M.     Assoc,     1906,     xlvii.,     1484.  Suppl.-Bd.,95.  Gola:  Giorn.di.med. 

Wengler:    Ztschr.   f.    Med.-Beamte,  di Torino,  1900, xliii., 478.  Welander: 

1906,xix.,43.   Kornalewski:  Ibid., p.  Arch.  f.  Dermat.,   1901,  Ivii.,  363. 

694;  and  the  cases  cited  in  notes  3,  p.  Wolf:  Deut.  med.  Ztg.,  1905,  xx., 

723,  and  3,  4,  p.  732.  405.     Marx  and  Sorge:  Vrtljschr.  f. 

'Sec  p.  731.  ger.  Med.,  1905,  3  F.,  xxix.,  85. 

"  v.  Herff :  Centbl.  f .  Gyn.,  1887,  xi.. 
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in  the  small  intestine  and  stomach  are  greater  than  that  in  the 
large  intestine.'  In  rapidly  fatal  cases  the  proportion  pro- 
gressively diminishes  from  above  downward.  Thus  in  one  of 
Ludwig  and  Zillner's  cases  the  proportion  in  mgm.  per  100  gm. 
was  in  the  stomach  126 .  96,  in  the  duodenum  92 .  39,  in  the  middle 
small  intestine  87.90,  in  the  lower  small  intestine  32.85,  and  in 
the  large  intestine  2.71.- 

However  mercury  is  absorbed,  it  probably  circulates  in  the 
blood  either  in  the  form  of  the  albuminous  compounds  above 
mentioned^  (although  Mergef  and  Pouchet''  claim  that  haemo- 
globin precipitates  all  or  nearly  all  the  mercury  from  such  albu- 
mino-mercuric  compounds  in  alkaline  solution)  or  in  the  form  of 
a  fine  metaUic  emulsion,^  or  carried  by  the  leucocytes.'  Al- 
though circulating  mercurials  are  rapidly  taken  up  and  fixed 
by  the  tissues,  it  does  not,  as  stated  by  Gola^  and  by  Conti  and 
Zuccola,^  soon  disappear  from  the  blood.  The  process  of  elimi- 
nation begins  early,  certainly  within  two  hours,  and  is  continuous 
during  its  earlier  stages.^"  Bohm^'  has  found  mercury  in  the 
blood  three  days  after  a  last  administration  of  mercuric  salicylate. 

The  largest  proportion  of  absorbed  mercury  is  usually  found 
in  the  kidneys,  it  sometimes  being  greatly  in  excess  of  that 
found  in  other  organs,  as  in  cases  4,  10,  and  23  in  the  table  on 
p.  750.  There  are  but  four  analyses  in  this  collection  in  which 
the  liver  was  found  to  contain  a  larger  proportion  than  the 
kidneys,  and  in  one  of  these,  No.  22,  death  was  caused  in  20 
minutes  by  cyanic  poisoning.  Coates'^  has,  however,  reported  a 
case  of  death  in  13  days  in  which  mercury  was  found  in  the  liver, 
but  none  in  the   Iddneys.     The   proportions   in  the   liver  and 

'Ludwig  and  Zillner:   Wien.   kl.  1895,  vi.,  145.     Conti  and  Zuccola: 

Wchnschr.,  1890,  iii.,  534,  552,  572,  Riforma     med.,     1906,     xxii.,     227, 

615.  264,  392. 

^Loc.cit.   Seetablep.  750,  No.  17.  '  Gaglio:  Arch.    p.    le    sc.    med., 

'Blarez:  These,  Bordeaux,  1S,S2.  Torino,    1897,   xxi.,  341.      Piccardi: 

Marchand:      Virch.      Arch.,      1891,  Arch.  f.    Dermat.,    1897,    xli.,    177. 

cxxiii.,    587.      Eckmann:     Arb.     d.  Stassano:  C.  r.  Ac.  sc,  1898,  cxxvii., 

pharm.  Inst,  zu  Dorpat,   1896,  xiii.,  680.     Fischel: /feid.,  1903,  Ixvi.,  387. 

127.  Conti  and  Zuccola:  Z/OC.  cii.     Collet: 

'  J.  dem^d.de  Bordeaux,  1882,  xi.,  Lyon  med.,  1903,  c,  1038.  Cuisinier: 

492,  505;  and  These,  Bordeaux,  1882.  These,  Lyon,  1904. 

Bull.    g^n.     de     th^rap.,     1902,  ^  Loc.  cit. 

cxlui.,  652.   Robert  (.'\.rch. f .  Dermat.  "  Loc.  cit.,  p.  293. 

1899,  xxxi.,   33)    describes   a    com-  "See  "Elimination,"  p.  765. 

pound  of  mercury  with  haimoglobin.  "  Ztschr.  f.  physiol.  Chem  ,  1891, 

Merget:   Loc.    cit.     Cathelineau:  xv.,  36. 

Kev.  int.  de  m6d.  et  de  chir.  prat.,  '"  Lancet,  1899,  ii.,  784. 
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MERCURY  (Hg.)  IN  MGM.  PER  100  GM.  OF  TISSUE. 


d 
2 

•2 

> 

3 

g 

0 

6 

6 

a" 

t-H 

bo 

13 

8 
S 

g 

,11 

■^  CO 

m5 

B 
'u 

1 

10.57 

3.23 

1.82 

0.19 

1.11 

1.37  '1.25 

0.16  '0.07 

1 

tr. |,,.  . 

2 

6.00 

0.90 

0.36  1 

3 

2.09 

0.79 

1.74  ; 

4 

10.8 

1.48 

0.06 

0.60 

0.50 

0.24    .... 

0.18 

6 

2.3 

0.4 

0.72 

0.04 

0.51 

0.20  1.... 

....;o.ii;.... 

6 

6.9 

1.7 

2.14 

0.10 

0.90 

0.80  

0.14   0  15 

— 

0,25   0.22  !.... 

...   1  0.64 

7 

2.14 

0.60 

0.81  i 

•..•   1 I-- 

!             1             1 

8 

5.6 

tr. 

1.25 

1 

47 

2.56  'sl.tr.    

....  ;0.12 

....  L... 

9 

13.38 

1.54 

2.15 

5.61 

0.73 

1.51       tr.      .... 

....   ,0.03 

tr. 

10 

10.91 

2.11 

1.44 

1.97 

1.00 

2.54 

tr. 

tr. 

0.09 

tr. 

11 

9.29 

.   ...   1 

I....  ',,-,  '--.. 

...  l3.6 

12 

1.4 

0.89 

1.81 

tr. 

1.4 

1.65 

tr. 

tr. 

tr. 

13 

2.25 

0.38 

0.87 

0.06 

0.53  i 

....  !.... 

tr. 

14 

2.39 

2.10  1 

1     .... 

1....  1....  |....  :tr. 

15 

17,4 

8.2 

548.4 

20.0 

52.3 

I....  :,... 

tr. 

16  jl2.9     !.... 

7.2 

541.6 

40  2 

6.7 

■ 

....   j....   1.... 

17 

14.42  |.... 

6.77 

126  96 

* 

2.71 

|.... 

0.14 

....    ....    3,78 

18 

35.06  '0.72 

6.8 

1     .... 

;o.i7 

.... 

....  j....  '-... 

... 

19     2.8    '.... 

2.96 

1.2 

....  !.... 

.-1 

20 

5.95 

3.54 

!      3,07        .... 

i....    ,tr.      j... 

21 

5.6     !.... 

2.0 



2.0 

1 , . . .    1 . . . .    1  tr. 

....    j..,.    ',... 

22 

1.98 

3.89 

111.6 

18.23    

0.13 

....|....,.,. 



23  ,27.5 

1.73 

;.... 

....|.... 

... 

66.0 

24  ,29:0 

8.0 

10.2 

33.8 

13.6 

11.2 

7.3  ;  5.2 

5.0 

....].... 

25    26.1 

6.00 

15.5 

106.0 

29.5 

69.7 

11.3 

4.6 

5.2 

,,.    78.1 

26  1  8.5 

2.7 

69.7 

13.5 

76.5 

....    1.... 

....1... 

tr. 

27  ;  5.0 

2.9 

71.6 

19.1 

78,3     I 

....    |.... 

!,,. 

28 

3.1 

0.7 

0.7 

....       

....    1 \... 

29 

3.2 

1.6 

49.7 

35.0 

128,0     1 

■■■■ 

30 

4.0 

1.7 

38.0 

25.5 

100, S     1 :,...    1....    1.... 

....     1  .  .  .  . 

31 

3.0 

tr. 

3.0 

I  tr. 

2.0 

|.... 

tr. 

i 

'— 

32 

2.0    ;i.o 

4.5 

1.0 

1.0 

2  0 

[i-o 

33 

11.5    !.... 

2.0 

tr. 

1    tr. 

2,0     ■ 

|.... 

....!.,,. 

34 

0.35  1.... 

0.43 

tr. 

i    i 

1. 

....    itr.    I.... 

....  |....  |... 



1-7. — Ullmann:  Arch.  f.  Dermat., 
poisoning.   Hypod.  gray  oil,  death 


1893,  X.XV,.  Supplh  .ii.,  220.    Exper.  dogs.    1.— Subacute 
6  days  after  last.    2. — Subacute,  calomel,  per  OS  to  last 
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spleen  are  relatively  large,  that  in  the  liver  generally  predomi- 
nating. Case  No.  18,  in  which  life  was  prolonged  for  4.1  days, 
is  referred  to  by  Ludwig  and  Zillner  as  indicating  that  the  liver  and 
kidneys  retain  mercury  for  a  long  time;  but  as  mercury  in  notable 
amount  still  existed  at  the  seat  of  the  injection,  the  high  figures 
more  properly  indicate  the  occurrence  of  continuous  absorption, 
and  possibly  represent  approximately  the  point  of  saturation  of 
those  organs,  although  larger  proportions  have  been  found  in  the 
liver  in  more  acute  cases.  The  heart,  muscles,  lungs,  brain,  and 
bones  sometimes  contain  mercury  in  weighable  amounts,  and 
the  metal  has  been  qualitatively  detected  in  practically  every 
tissue  and  fluid  of  the  body,  particularly  in  acute  cases.  ^  The 
older  literature  contains  many  references  to  large  amounts  of 
mercury  in  the  bones,  most  of  which  are  fabulous.^ 

It  has  been  demonstrated  that  in  acute  as  well  as  in  chronic 
poisoning  mercury  is  contained  in  the  parenchymatous  tissue 
of  organs,  not  merely  in  the  included  blood. ^  According  to 
Stassano*  it  forms  a  rather  firm  combination  with  the  nucleins, 
and  according  to  Slowtzoff^  it  combines  with  the  globulins.     A 

'  For  urine,  saliva,  bile,  milk,  see  Aufl.,    1827,    538,    544.       Wibmer: 

"Elimination,"  p.  765.  "Wirk.  d.  Arzn.  u.  Gifte,"  1837,  iii., 

^Cathelineau:  Rev.  int.  de  m6d.  46,  85. 

et  de  chir.   prat.,    1895,    vi.,    145.  ^  Welander:  Arch.  f.  Dermat.,  1901, 

See  also:  Voigtel:  "Handb.  d.  Path.  Ivii.,  363. 

anat.,"  1804-5,  i.,  153-258;  ii.,  10-  *  C.  r.  Ac.  sc,  1900,  cxxxi.,  72. 

110.       Buchner:     "Toxicol.,"     2te  =  Hofmeister's  Beitr.,  1901,  i.,  281. 


day,  death  in  15  days.  3. — Hypod.  gray  oil.  4. — Hypod.  gray  oil,  4  inj,  in  21  days,  death  43d 
day,  75.9  per  cent,  of  amount  injected  eliminated.  5. — -Hypod.  gray  oil,  medicinal  doses, 
killed  44tn  day,  75.4  per  cent,  of  amount  injected  eliminated.  6. — Hypod.  bichlorid,  death 
in  2  days.  7. — Hypod.  bichlorid,  medicinal  doses.  8-19. — Ludwig  and  Zillner:  Wien.  kl. 
Wchnsch.,  1890,  iii.,  534,  552,  572,  615.  8-11.— Exper.  dogs,  massive  doses.  8.— Killed  in 
28  hrs.  9.— Died  in  40  hrs.  10.— Died  in  4i  days.  11. — Died  in  2idays.  12.— Woman, 
43,  suicide,  12  gm.  HgCk.  Died  in  9  days.  Total  amount  extracted,  15.25  mgm.  13. — 
Woman,  21,  intra-uterine  irrigation.  D.  6  days.  Total=  10.7  mgm.  14. — Man,  54,  suicide, 
HgSOj.  Died  in  22  days.  Autopsy  13  days  p.  m.  Total=2.5  mgms.  15. — Woman,  58, 
suicide.  Death  from  hemorrhage,  HgCl-.  Contents  large  intestine  =40.0,  tissue=12.3. 
TotaI  =  642.2  mgm.  18.— Man,  35,  suicide,  HgCb,  death  from  hemorrhage.  Total=369.1. 
17.— Man,  51,  Duration?  Duodenum  =  92.39,  middle  small  intestine=87.9,  lower  small  intes- 
tme=32.85.  Total  in  stomach  and  intestines- 1431.6.  Total  extracted  =1547.5.  From 
sternum  1.7=3.78  in  100  gm.  18.— Woman,  46,  injection  gray  oil,  death  41  days.  From  seat 
of  injection  75.45.  Total=  126.68  mgm.  19.— Man,  32,  suicide,  10  gm.  HgCli.  Death  in  7 
days.  TotaI  =  14.5  mgm  20.— Lesser  (Fischer):  Vrtljschr.  f.  ger.  Med.,  1898,  3  F.,  xvi.,  94. 
Hoy,  7  days,  death  in  30  hrs.  21-23. — Witthaus.  21. — Man,  death  in  13  days,  exhumation 
after  90  days,  Hg{CN)2.  22.— Woman,  Hg(CN)o,  death  in  about  20  minutes.  Total=619.4 
"f™;  23.— Woman,  HgCb,  death  in  9  days.  24-30.— Mirto:  Giorn.  di  med.  leg.,  1900,  vii., 
l*.  tlxper.  dogs,  adm.  by  cesophageal  sound.  24. — 2  gm.  HgCl2  +  2  gm.  NaCl  in  500  c.c.  Aq., 
death  in  8  hrs.  25.-1  gm.  HgCb  +  l  gm.  NaCl  in  50  c.c.  Aq  ,  death  in  16  hrs.  26.-2  gm. 
,'*S!Cl!,  killed  3d  day.  27.— 1+  1  gm.  HgoCl^  in  two  days,  killed  3d  day.  28.— 1  gm.  HgjCh, 
Med  8  days.  29-30.-2  gm.  Hg.Cl.  in  100  c.c.  dil.  HCl,  killed  3d  day.  31-33.— Nemser: 
itschr.  f.  physiol.  Chem.,  1906,  xlviii.,  562.  31.— Man,  40  yrs.,  treatment  during  3  yrs.,  in 
wtuch  took  30  gm.  HgzCh,  last  14  days  before  death.  32.— Man,  74  yrs.,  during  1  yr.  took 
•  f?2'  ^8:012,  last  17  days  before  death.  33.— Man,  43  yrs.,  treatment  six  months,  5.4  gm. 
in  ld6  days.  34.— Gascard  and  Bauce:  J.  de  ph.  et  de  chim.,  1908,  6  S.,  xxviii.,  5.  Woman, 
ill.  suicide,  death  on  25th  day.  Amount  in  kidneys  mean  of  two,  one  contained  0.28,  the 
other  0.42, 
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spontaneous  diffuse  darkening  of  the  tissues  or  formation  of 
black  deposits  is  sometimes  observed,  which  is  supposed  to  be 
caused  by  mercurous  oxid,  produced  by  reduction  of  the  albu- 
mino-mercuric  compounds,  and  when  such  deposits  do  not  pre- 
exist they  may  frequently  be  developed  by  immersing  sections 
of  the  tissue  in  solution  of  ammonium  sulfid,  or  of  hydrogen 
sulfid  acidulated  with  nitric  acid,  when  the  black  mercuric  sulfid 
is  formed,  or  a  reddish-yellow  coloration  may  be  developed  by  a 
solution  of  iodin  in  potassium  iodid.  Such  appearances,  due 
to  the  presence  of  "fixed  mercury,"  are  observed  in  the  kidneys, 
more  markedly  in  the  cortical  than  in  the  medullary  part,  granu- 
lar deposits  being  seen  in  the  convoluted  tubes  and  afferent 
portion  of  the  loops  of  Henle,  not  in  the  glomeruli.  In  the  liver 
they  are  found  in  some  acini,  not  in  others,  and  not  in  the  inter- 
lobular connective  tissue.  In  the  interior  of  the  hepatic  cells 
deposits  are  found  toward  the  center,  surrounding  and  covering 
the  nuclei.  Deposits  and  diffuse  coloration  have  also  been  ob- 
served in  the  lungs,  spleen,  medulla,  and  testicles,  and  notably 
in  the  endothelial  cells  of  the  small  vessels  of  the  kidney,  liver, 
and  colon,  and  in  leucocytes.^ 

Method  of  Action. 

Some  of  the  mercurials,  such  as  the  bichlorid  and  the  oxids, 
coagulate  the  albumins,  while  others  do  not.  The  former  on 
contact  with  the  tissues  cause  immediate  death  and  destruction  of 
the  cells.  Similar  necrotic  changes  are  produced  by  all  forms  of 
absorbed  mercury  at  a  later  period  at  the  seats  of  elimination. 

It  has  been  experimentalh'  demonstrated  that  mercuric 
chlorid  causes  haemolysis  of  the  erj^hrocytes  in  shghtlj'  hyperiso- 
tonic  solutions  of  concentrations  between  0 .  0005  to  0 .  0003  and 

'  Heilborn:  Arch  f.  exp.  P.  u.  P.,  1S96,   xxxix.,    228;   1900,   Ivii.,   15. 

1878,   viii.,   361.     Marchand:   Viroh.  Gola:    Giorn.  d.    r.  Ac.    di    med.  di 

.\rch.,    1881,    cxxiii.,    5S7.     Falken-  Torino,  1900,  xliii.,  478.     Welander: 

berg:  Ibid.,  567.     Meyer  and  Stein-  Arch.   f.   Dermat.,    1901,   Ivii.,  363. 

feld:   Arch.   f.   exp.  P.   u.  P.,    1885,  Pollio:   Arch.  f.  Dermat.,  1901,  Ix., 

XX.,    40    (similar   appearances   with  119.  Kassai: /6id.,lxii.,  357.  Fischel: 

Bi).      Koeniger:    Diss.,    Wurzburg,  Ibid.    1903,   Ixvi.,    387.      Almkvist: 

1888.        Kanfmann:      "Sublimatin-  Nord.   med.   Arli.,    1903,   3  F.,  iii., 

tox.,"    Breslau,    1888.    p.    79.      De  afd.    ii.,    No.    6;    p.    1.     Dermat. 

Michele:    Riforma  med.,    1891,  vii.,  Ztschr.,     1906,     xiii.,    827.      Elbe: 

pt.    3;    217,    233.      Eckmann:   Arb.  Virch.    Arch.,    1905,    clxxxii.,    445. 

d.    pharm.    Inst,    zu    Dorpat,    1806,  Conti  and  Zuccola:    Riforma  med., 

xiii.,  127.     Justus:  Arch.  f.  Dermat.,  1906,  xxii.,  227,  264,  292. 
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0.01  to  0.006  per  cent.  More  dilute  solutions  have  no  action,  and 
more  concentrated  solutions  cause  coagulation  and  "fixation."' 
It  does  not  follow,  however,  that  such  changes  are  produced  in 
the  blood  when  the  bichlorid  is  swallowed,  as  it  is  not  absorbed  in 
its  own  form.  The  leucocytes  are  also  affected,  becoming  swollen 
and  granular,with  the  nuclei  confused.  The  leucocytes  are  believed 
to  serve  as  carriers  of  finely  divided  mercury,  which  they  take  up 
by  a  quasi-phagocytic  action.^  According  to  Jolles  and  others 
the  disintegration  of  erythrocytes  leads  to  ferment  intoxication 
and  the  formation  of  thrombi,  but  it  is  questionable  whether  the 
observed  thrombi  have  been  of  ante- or  post-mortem  formation.' 
During  mercurial  anuria  the  blood  proteins  are  diminished  in 
amount,  and  the  non-coagulable  nitrogen,  principally  urea,  is 
enormously  increased.  There  is  not  hyperglycsemia,*  although 
temporary  glycosuria  sometimes  occurs.^ 

The  toxic  action  of  mercury  is  exerted  principally  upon 
the  large  intestine,  the  tissues  about  the  mouth,  and  the  kid- 
neys. Several  theories  have  been  advanced  in  explanation  of 
the  colitis,  stomatitis,  and  nephritis,  among  the  most  plausible 
of  which  is  that  of  Sabbatani,"  based  upon  the  premise  that  the 
antiseptic  and  toxic  actions  of  mercury  are  proportionate  in 
degree  to  the  concentration  of  its  ions,  and  upon  the  allegation 
that  the  locations  of  its  eliminatiori  favor  a  high  concentration. 

'Hemeke:Deut.  Arch.  f.kl.  Med.,  Uolles:    Diss.,    Erlangen,     1886. 

1887,  xlii.,  147.    Senger:  Arch.  f.  kl.  Heineke:  Loc.cit.    Kaufmann:  Diss. 

Chir.,    1889,    xxxviii.,  796.     Cavaz-  Breslau,  1888.     Klemperer:    Virch. 

zani:  Riforma  med.,  1891,  iv.,  711.  Arch.,    1889,   cxviii.,   445.     Falken- 

Maurel:  Bull.  gte.  de  th^rap.,  1893,  berg:  Diss.,   Marburg,   1890;   Virch. 

cxxiv.,   193.   Castellino:   Arch.   ital.  Arch.,    1891,   cxxiii.,    579.   Leutert: 

de  biol.,   1895,   xxiii.,  201.    Justus:  Fortshr.   d.   Med.,    1895,   xiii.,   253. 

Wien.  kl.  Rundschau,  1896,  x.,  24.  Orlandi:  Gazz.  med.  ital.,  1902,  liii., 

Robert:    Arch.    f.    Dermat.,.    1899,  247. 

xxxi.,   33.    Fiocco:    Giorn.    ital.   d.  *  Doleris  and  Butte:  Nouv.  Arch, 

mal.    van.,     1899,     xxxiv.,     1014.  d'obst.   et   de   gyn.,    1886,   i.,    181. 

Matthes:  Munch,   med.  Wchnschr.,  Schroder:    Diss.,    Wurzburg,    1893. 

1902,  xlix.,  698.     Mariani  and  Lau-  Guttenberg    and    Gurber:     Munch, 

reati:  Clin.   med.   ital.,    1903,   xlii.,  med.     Wchnschr.,      1895,     xlii.,    7. 

283.   Detre   and    Sellei:    Wien.    kl.  Leutert:   Loc.  cit.     Umber:   Charity 

Wchnschr.,  1904,  xvii.,  1195,  1234;  Ann.,  1903,  xxvii.,  160. 
Berl.  kl.  Wchnschr.,  1904,  xli.,  805.  =  Richter:    Miinch.    med.    Wchn- 

'^Bieganski:    Arch.    f.    Dermat.,  schr.,    1895,    xlii.,    945.    Korvonen: 

1892,  xxiv.,  43.    Stassano:  C.  r.  Ac.  Dermat.     Ztschr.,     1898,     v.,     176. 

sc,    1901,    exxxiii.,     110.     Maurel:  Lottmann:     Therap.   Mntsh.,   1901, 

Loc.    cit.     Mariani    and   Laureati:  xv.,   435.    Binet:   Rev.   med.   de  la 

Loc.cit.    Barthe  and  Mongour:  J.  de  Suisse  Rom.,  1891,  xi.,  165.     Saikow- 

mM.   de   Bordeaux,    1906,    xxxvi.,  sky:    Virch.    Arch.,    1866,    xxxvu., 

64.    Conti    and    Zuccola:    Riforma  346. 

med.,  1906,  xxii.,  264,  292.  "  Bioch.  Ztschr.,  1908,  xi.,  294. 

IV.-48 
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He  points  out  that  a  high  content  of  proteins  or  of  chlorids  tends 
to  diminish  ion  concentration,  that  the  saliva  contains  no  pro- 
teins and  is  the  secretion  poorest  in  chlorids,  hence  the  mouth 
effects;  that  in  the  stomach  and  small  intestines  the  presence  of 
chlorids  and  hydrochloric  acid  lower  the  ion  concentration  until, 
by  absorption  of  these  substances,  it  again  rises  in  the  large  in- 
testine, where  the  toxic  action  is  again  exerted.  In  the  kidney 
the  lesions  are  confined  almost  exclusively  to  the  convoluted 
tubes,  where  the  urine  as  originally  secreted  is  in  its  most  dilute 
state,  containing  little  salts  and  no  proteins,  and  is  in  a  condition 
most  favorable  to  high  concentration  of  the  mercuric  ion.  The 
theory  of  Almkvist'  affords  a  plausible  explanation  of  the 
origin  of  the  stomatitis  and  colitis,  but  does  not  account  for 
the  kidney  lesions.  According  to  this  theory  the  buccal  and 
intestinal  lesions  depend  upon  the  action  of  saprophytic  bac- 
teria and  of  hydrogen  sulfid,  producing  deposition  of  insoluble 
mercuric  sulfid  in  the  endothelial  cells  of  the  vessels,  with  con- 
sequent disturbance  of  nutrition.  A  serious  objection  to  this 
theory  was  suggested  by  Almkvist  himself,  viz.,  that  while  these 
lesions  are  produced  by  mercury  and  by  bismuth,  they  are  not  ob- 
served in  poisoning  by  copper,  lead,  or  other  metals  precipitated 
by  hydrogen  sulfid.  Kaufmann's  theory^  of  intravital  throm- 
bosis has  now  few  supporters. 

'  Nord.  med.  Ark.,  1903,  3  F.,  iii.,  1894,    Sez.    chir.,    i.,  434.    Leutert: 

afd.   2,   No.   6,   1;   Dermat.   Ztschr.,  Fortshr.    d.    Med.,    1895,    xiii.,    89. 

1906,   xiii.,   827.     See   also:   Rosen-  Eckmann:  Arb.  d.  pharm.  Inst,  zu 

bach:    Ztschr.    f.    rat.    Med.,    1868,  Dorpat,  1896,  xiii.,  127.    Korvonen: 

xxxiii.,  36.     Heilborn:  Arch.  f.  exp.  Dermat.     Ztschr.,     1898,     v.,     113. 

P.  u.  P.,  1878,  viii.,  361.     Schmidt:  Bockhart:   Mntsh.   f.   prak.   Derm., 

Diss.,  Dorpat,  1879.     JoUes:  Loc.  cit.  1902,  xxxiv.,  113.    Loblowitz:  Wien. 

Meyer  and  Steinfeld:  Arch.  f.  exp.  med.    Wchnschr.,    1902,    Hi.,    2265. 

P.  u.  P.,   1886,  XX.,  82.      Koeniger:  Dubreuilh:  J.  de  m^d.  de  Bordeaux, 

Diss.,   Wurzburg.,  1888.     Heinecke:  1903,  xxxiii.,  625.     Le  Pileur:  J.  de 

Loc.  cit.   Grawitz:  Deut.  med.  Wchn-  m^d.    de   Paris,    1905,    2   s.,   xvii., 

schr.,    1888,    xiv.,    41.     Kaufmann:  78.  Elbe:  Virch.  Arch.,  1905, clxxxii., 

Habschr.,      Breslau,     ISSS;      Virch.  445.        Bona:     Arch.     f.    Dermat., 

Arch.,  1889,  cxvii.,  227.     Buneberg:  1905,  Ixxiv.,  171.     Mouriquand  and 

Deut.   med.    Wchnschr.,    1889,   xv.,  Policard:   Presse   m^d.,    1906,   xiv., 

4.     Kunkel:    Sitzb.     d.    phys.-med.  834;  C.  r.  Soc.  de  biol.,  1908,  Ixv., 

Gesell.    zu    Wurzb.,    1889,    77,    81.  .568.   LetuUe:  Bull,  etm^m. Soc. m^d. 

Senger:    Arch.    t.    kl.    Chir.,    1889,  d.    hop.    de   Paris,    1907,   xv.,    175. 

xxxviiii.,  796.  Weichselbaum:  Cbl.  f.  Cadeac:  Lyon  mM.,   1908,  ex.,  79. 

allg.Path.,  1891,ii.,7,59.  Marchand:  Schall:  Ziegler's  Beitr.,  1908,  xliv., 

Virch.     Arch.,     1891,     cxxiii.,     587.  4.58.     Castaigne  and  Rathery:  Arch. 

Falkenberg:  Loc.  cit.    Rolleston:  Tr.  de    m^d.    exp6r.,    1908,    xx.,    297. 

Path.    Soc,    London,     1803,    Ixiii.,  Heinecke:     Ziegler's     Beitr.,    1909, 

(19.     Jeay:  Odont.,  Paris,  1893,  xiii.,  xiv.,  197. 

195.     Alessandro:     Policlin.,  Roma,  '■' Loc.  cit. 
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Although  the  necrotic  changes  in  the  epithelium,  the  calci- 
fication of  the  desquamated  cells,  and  the  formation  of  culcic 
infarcts  in  the  tubules  are  absent  in  very  rapidly  fatal  cases, 
their  production  begins  early,  and  the  rapidity  of  their  develop- 
ment depends  more  upon  the  rapid  absorption  of  massive  doses 
than  upon  long  continuance  of  the  intoxication.  Necrosis 
affects  the  epithelium  of  the  convoluted  tubes,  and  not  that  of 
the  straight  tubes  because  the  former  eliminate  the  mercury. 
The  necrosed  epithelium  is  thrown  off,  the  fall  of  blood  pressure^ 
causes  a  diminution  in  the  excretion  of  acid  salts,  and  calci- 
fication results.^  Coincidently  with  calcification  in  the  kidneys 
there  is  decalcification  of  bone.^  The  intensity  of  the  renal  and 
intestinal  lesions  is  not  always  equal,  and  one  or  the  other  may 
predominate  according  as  elimination  by  one  or  the  other  channel 
is  the  more  active.^ 

Although  the  effects  of  mercury  upon  the  nervous  system 
are  more  manifest  in  chronic  poisoning  than  in  the  acute  form. 


dg:  Brit.  M.  J.,  1890,  i.,  1241. 
Pfeiffer:  Deut.  Arch.  f.  kl.  Med., 
1907,  xc,  591.  According  to  Kolb 
(Munch,  med.  Wchnschr.,  1903,  1., 
582),  there  is  marl^ed  elevation  of 
pressure  at  the  beginning,  followed 
by  a  fall. 

^Pavy:  Guy's  Hosp.  Rept.,  1860, 
3  s.,  vi.,  505.  Saikowsky:  Virch. 
Arch.,  1866,  xxxvii.,  346.  Rosenbach: 
Loc. at.  Balogh:  Virch.-Hirsoh  Jbt., 
1875,  i.,  446.  Heilborn:  Loc.  cit. 
Lazarewicz:  Diss.,  Beriin,  1875. 
Hallopeau:  These,  Paris,  1878. 
Barth^lemy:  Ann.  d'hyg.,  1880, 
3  s.,  iv.,  337.  Schlesinger:  Arch, 
f-  exp.  P.  u.  P.,  1881,  xiii.,  317. 
Provost:  Rev.  m^d.  de  la  Suisse 
Rom.,  1882,  ii.,  553,  605;  1883,  iii., 
5.  Jablonowski:  Diss.,  Berhn,  1885. 
Dol^ris  and  Butte:  Nouv.  arch. 
dobst.  et  de  gyn.,  1887,  ii.,  349. 
benger:  Loc.  cit.  Virchow:  Deut. 
med  Wchnschr.,  1888,  xiv.,  993. 
Kaufmann:  Loc.  cit.  Grawitz:  Loc. 
ctt.  Koemgev:  Loc.  cit.  Klemperer: 
i-oc.  cit.  Neuberger:  Beitr.  z.  path. 
Anat.  etc.,  1889,  vi.,  431.  Weichsel- 
baum:  Loc.  cit.  Frank:  Diss., 
Uttmgen,  1891.  PiUiet  and  Cathe- 
lineau:  Rif.  med.,  1892,  viii.,  268. 
^fiet:  Ibid.,  p.  188.  Adam:  Diss., 
Wurzburg,     1892.     Colantoni: 


Schmidt's  Jb.,  1893,  ccxxxviii.,  19. 
Leutert:  Loc.  cit.  Gebhart:  Diss., 
Freiburg,  1897.  Harnack  and 
Kijstermann:  Fortschr.  d.  Med., 
1898,  xvi.,  563,  603.  Korvonen: 
Loc.  cit.  Lehmann:  Diss.,  Freiburg, 
1898.  Doerry:  Diss.,  Leipzig,  1900. 
Giuranna:  Giorn.  internaz.  d.  sc. 
med.,  1901,  n.  s.,  xxiii.,  938.  Vasoin: 
Rif.  med.,  1901,  xvii.,  pt.  i.,  160,  171, 
186.  Gallerani:  Rif.  med.,  1903, 
xix.,  1401.  Swan:  Tr.  Coll.  Phys., 
Phila.,  1903,  3  s.,  xxv.,  77.  Kefer- 
stein:  Ztschr.  f.  Med.-Beamte,  1904, 
xvii.,  351.  Rossi:  Rif.  med.,  1904, 
XX.,  1040,  1074.  Sisto:  Giorn.  d.  r. 
Ac.  di  med.  di  Torino,  1904,  4  s., 
X.,  354.  Tartarini-Gallerani:  Lo 
Sper.,  1904, Iviii.,  371.  Elbe:  Loc.  cit. 
ChauiTard:  Semaine  mM.,  1905, 
XXV.,  13.  Mouriquand  and  Policard : 
Presse  m6d.,  1906,  xiv.,  834.  Fies- 
singer:  C.  r.  Soc.  de  biol.,  1907,  Ixii., 
240;  J.  de  physiol.  et'de  path,  gen., 
1907,  ix.,  470. 

^  Provost:  Loc.  cit.  Kaufmann: 
Loc.  cit.  Binet:  Rev.  m^d.  de  la 
Suisse  Rom.,  1891,  xi.,  165.  Sab- 
batani:  Arch,  ital  de  biol.,  1896, 
XXV.,  244. 

*  Leutert;  Colantoni;  Keferstein: 
Loc.  cit. 
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Alessi  and  Fieri  have  shown  that  in  the  latter  mercury  produces 
changes  resembling  those  of  acute  myelitis,  most  marked  in  the 
cerebral  cortex,  the  peripheral  nerves  remaining  unaffected.' 

Symptoms. 

The  usual  clinical  history  of  acute  mercurial  poisoning  may 
be  more  or  less  sharply  divided  into  three  stages,  except  in 
peracute  cases,  when  death  occurs  in  the  first  stage.  First,  a 
phase  beginning  immediately  after  ingestion,  and  marked  solely 
by  disturbances  of  the  alimentary  canal.  This  continues  for 
from  two  to  five  days,  when  follows  a  period  of  euphoria,  with 
apparent  return  to  health,  and  frequently  with  polyuria,  which 
rarely  continues  for  more  than  48  hours.  The  third  period  begins 
with  a  sudden  return  of  the  symptoms  of  the  first  stage,  which 
in  non-fatal  cases  may  not  be  very  intense,  and  may  abate  in  a 
few  hours,  but  which  in  fatal  cases  are  violent  and  soon  become 
complicated  with  general  symptoms,  referable  in  great  measure 
to  the  results  of  anatomical  lesions  of  the  kidneys,  colon,  tissues 
about  the  mouth,  and  nervous  system.  In  acute  and  subacute 
cases  the  second  stage  may  be  of  short  duration,  or  hardly 
noticeable,  but  it  may  also  be  as  well  marked  and  as  misleading 
in  the  matter  of  prognosis  as  is  the  corresponding  stage  in  phos- 
phorus poisoning.^ 

'Clin.   med.   ital.,   1901,  xl.,  321.  euphoria  2d  to  5th  days,  death  in 

See  also:  Papow:  Virch.  Arch.,  1883,  15   days.    Brouardel:   Ann.   d'hyg., 

xciii.,    351.    Letulle:   C.   r.    Ac.   sc,  1904,  4  s.,  i.,  7,  notable  amehoration 

1887,  civ.,  74.     Leyden:  Deut.  med.  3d  day,  continued  4th,  discharged 

Wchnschr.,  1893,  xix.,  733.     Letoux:  5th,    intense    nephritis,    etc.,    6th, 

Th^se,  Paris,  1893.    Martinetti:  Ann.  again    amelioration    12th,    aggrava- 

di  freniat.,  1893-4,  iv.,  355.     Dotto:  tion  same  evening,  death  15th  day. 

Arch,   di   farm,   e  terap.,  1896,  iv.,  Spillmann  and  Blum:  Ibid.,  ii.,  126, 

465.    Tirelli:    Arch.    ital.    de    biol.,  8th  day  improvement  with  polyuria, 

1896-7,  xxvi.,    230.    Brauer:    Deut.  continued  3  days,  return  of  symp- 

Ztschr.  f.  Nervenhlk.,  1897-8,  xii.,  1.  toms  with  anuria,   death  12  days. 

Patoir:   Gaz.  hebd.   de  m^d.,   1900,  Monisset  et  Mouriquand:     J.     de 

n.   s.,  v.,  937.  Gilbert:  Wien.  med.  phys.  etde path.  g6n.,  1906,  viii.,  292, 

Wchnschr.,  1900,  1.,  2417.    Spitzer:  euphoria  3d  and  4th  days,  death  7 

Deut.  Ztschr.  f.  Nervenhlk.,  1900-1,  days.     Conti    e    Zuccola:    Riforma 

xix.,  215.  med.,  1906,  xxi.,  232,  disharged  6th 

^For  cases  in  which  the  second  day,    returned    7th   day,   death   17 

stage    was    marked    see:    Maschka:  days.     Barthe  and  Mangour:  J.  de 

Prag.  med.  Wchnschr.,  1884,  ix.,  42,  m^d.  de  Bordeaux,  1906,  xxxvi.,  64, 

remarkable    euphoria    f    hr.    before  five  cases:  (1)  complete  disappear- 

death,  5th  day.    Keller:  Ctbl.  f.  Gyn.,  ance  symptoms  5th  day,  return  7th, 

1885,  ix.,  497,  euphoria  throughout,  death    10   days;    (2)    complete  ces- 

death  in  78  hrs.     Baumler:  Ztschr.  sation   symptoms  4th  day,   lasting 

f.    Med.-Beamte,    1895,    viii.,    409,  3    days,    death    15   days;    (3)    first 
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Certain  effects  of  the  soluble  mercurials  when  taken  by  the 
mouth  are  immediate.  During  the  act  of  swallowing  the  acrid, 
metallic  taste  of  corrosive  sublimate  is  perceived,  and  at  the 
same  time,  or  within  a  very  few  minutes,  a  burning  sensation 
is  experienced  in  the  throat  and  gullet.  The  same  taste  is  also 
perceived  at  a  later  stage.  These  are  not  only  important  points 
of  distinction  between  arsenical  and  mercuric  poisoning  in  its 
initial  stage,  as  arsenic  is  practically  tasteless,  and  the  burning 
sensation  in  the  throat  which  it  sometimes  produces  only  appears 
much  later;  they  also  may  serve,  and  have  served  to  attract 
the  attention  of  an  intended  victim  (unless  the  poison  be  en- 
closed in  a  capsule  or  wafer)  and  thus  frustrate  an  attempt  at 
murder.  The  taste  and  action  upon  the  oesophagus  are  more  pro- 
nounced if  the  mercurial  be  in  solution,  but  they  are  also  observed 
when  it  is  taken  in  the  solid  form  if  it  be  soluble.  Indeed,  while 
the  total  duration  of  a  fatal  mercurial  poisoning  notably  exceeds 
that  of  an  arsenical  intoxication  in  most  cases,  the  initial  stage 
of  the  former  is  much  more  rapid  and  stormy  than  that  of  the 
latter.  When  corrosive  sublimate  is  swallowed  violent  symp- 
toms usually  follow  within  less  than  5  minutes.  In  exceptional 
cases  this  interval  has  been  extended  to  10  or  15  minutes.  In 
Hort's  case'  a  man  took  half  a  teaspoonful  of  merpuric  chlorid 
in  warm  water  in  mistake  for  tartar  emetic  ( !)  and  did  not  vomit 
during  the  following  quarter  of  an  hour.  In  Heidgen's  case^  a 
woman  took  100  c.c.  of  a  half-per-cent.  solution  (7f  gr.)  and 
only  vomited  when  emesis  was  otherwise  provoked,  15  minutes 
afterward.  She  had,  however,  taken  a  quantity  of  opium  shortly 
before.^  In  two  instances  10  minutes  elapsed  after  the  ingestion 
of  the  poison,  before  the  manifestation  of  violent  symptoms.* 
In  a  woman  who  received  0.75  gm.  (11^  gr.)  by  rectal  injection 
purging  was  produced  in  5  minutes  and  vomiting  in  10.     She 

period  3  days,  euphoria  24  hours,  '  Tardieu:  Op.  cit:,  691. 

death  8  days;    (4)    first   period    10  ^  jjigg.,  Bonn,  1890,  p. '24. 

days,  cessation  with  polyuria  3  days,  ^  In   a   case   reported   by   Sheehy 

death   18   days;    (5)    gastro-enteric  (Med.  News,  Phila.,  1891,  hx.,  512) 

symptoms  2  days  without  remission,  the  interval   is   said   to  have   been 

discharged  5th  day,  return  of  symp-  half  an  hour,  but  the  statement  is 

toms    same    evening,     recovered.  upon  insufficient  hearsay  evidence. 

Halipr^:    Normandie     mM.,     1907,  ^Thornton:    Therap.     Gaz.,     De- 

xxu    109,  stationary  condition  10th,  troit,   1893,   3  s.,  ix.,   368.     Delau- 

llth,  12th  days,  death  25  days.     See  nay:    These, Paris,  1893,  p  73  (taken 

also:  Meilh^re:  Tribune  m6d.,   1907,  in  powder  in  a  wafer). 
"i^-'V.jS?.   V^ron:  Normandie m^d., 
1907,  xxii.,  115. 
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died  in  5  days.^  When  white  precipitate  is  taken  the  interval  is 
longer  than  with  corrosive  sublimate,  and  may  be  extended  to 
half  an  hour;^  and  with  less  soluble  mercurials  two  hours  may 
elapse  before  their  action  becomes  manifest.^  When  poison- 
ing results  from  the  hypodermic  injection  of  insoluble  mercurials 
the  first  effect  is  usually  stomatitis,  which  in  most  cases  appears 
in  7  or  8  days,  but  is  sometimes  delayed  for  a  much  longer  period.* 
Within  a  few  minutes  the  mucous  membrane  of  the  tongue, 
mouth,  and  pharynx  swells  and  becomes  coated  with  a  gray  film. 
There  is  violent,  almost  continuous,  vomiting  of  gray  mucoid 
material,  frequently  containing  blood  and  shreds  of  mucous 
membrane,  attended  with  pain  in  the  stomach  of  a  burning 
character.  The  caustic  vomit  may  be  projected  into  the  naso- 
pharyngeal space  and  through  the  nose,  when  cauterization, 
ulceration,  and  sloughing  follow  therein.^ 

Soon  the  vomiting  is  accompanied  by  purging,  the  stools  being 
liquid,  dysenteric,  bloody,  extremely  fetid,  very  copious,  some- 
times passed  involuntarily,  and  attended  with  severe  tenesmus, 
rectal  pain,  and  colic.  The  abdomen  is  sometimes  painful  and 
meteorized.  When  the  mercurial  is  absorbed  by  other  channels 
than  the  mouth,  as  in  obstetrical  or  surgical  poisonings,  the  first 
symptoms  are  those  referable  to  the  intestines  just  described, 
which  may  be  manifest  in  a  few  minutes.  The  mouth  and  throat 
symptoms  and  epigastric  pain  are  either  absent  or  appear  later 
in  the  history.  Vomiting  may  occur,  but  is  neither  as  con- 
stantly present  nor  as  severe  as  when  the  poison  has  been  swal- 
lowed. In  many  cases  there  is  a  scarlatinal  exanthem,  begin- 
ning on  the  face,  arms,  or  trunk,  and  frequently  extending  over 
the  entire  surface,  or  there  may  be  erythema,  roseola,  purpura, 
or  even  blackening  or  vesication  of  the  skin;  and  direct  appli- 
cation of  corrosive  sublimate  thereto  causes  smarting,  tingling, 
pain,  swelling  and  redness,  and,  if  continued,  severe  dermatitis.' 
The  skin'lesions  vary  greatly  in  intensity.  They  may  be  indis- 
tinguishable from  those  of  varicella  or  of  scarlatina;^  they  some- 

'  Huber:  Ztsohr.  f.  kl.  Med.,  18SS,  m^d.   d.  hop.  de  Paris,   1907,  3  s., 

xiv.,  459.  xxiv.,  149,  69  days. 

2  Taylor:  "Poisons,"  3d  Am.  ed.,  =  Chambers:    Med.    News,    1901, 

380.  Ixxix.,  392. 

=  Ord:  Lancet,   1888,  ii.,   570.  "  See  cases  cited  in  notes  p.  731. 

'  Lojander:  Schmidt's  Jhrb.,  1893,  'Beck:  Charity  Ann.,  1895,  xx., 

ccxxxviii,,   19,  42  days.     Oettinger  587.    Hoffmann :  Berl.  kl.  Wchnsehr; 

and  Fiessinger:  Bull,  et  mem.  Soc.  1902,  xxxix.,  908,  939. 
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times  lead  to  gangrene/  or  to  septic  poisoning/  and  even  to 
death  from  that  cause.^  When  the  introduction  is  by  the  female 
genitals,  in  the  solid  form  or  in  concentrated  solution,  severe 
local  effects  are  produced;  and  ulceration  or  cedema  of  the  vulva 
has  also  occurred  in  cases  in  which  the  mercurial  has  been  taken 
by  the  mouth  or  injected  hypodermically,*  or  under  the  same 
circumstances  discharges  from  the  vagina,  or  a  pseudomenstru- 
ation  may  be  set  up.' 

A  prominent  symptom,  and  one  present  even  in  some  cases 
having  a  rapidly  fatal  termination"  is  diminution  or  total  suppres- 
sion of  urine.  Thus,  in  Nothnagel's  case,^  in  which  mercuric  sul- 
fate caused  death  in  22  days,  there  was  complete  anuria  at  the 
very  beginning,  continuing  for  seven  days.  On  the  eighth  day 
900  c.c.  were  passed,  after  which  the  quantity  was  normal  until 
the  last  day,  when  it  fell  to  300  c.c.  In  other  cases  the  suppres- 
sion is  gradual,  as  in  Kaufman's  case^  of  suicide  by  mercuric 
chlorid,  fatal  in  19  days.  On  the  third  day  the  quantity  of  urine 
was  scanty,  and  on  the  fourth  day  there  was  complete  anuria, 
after  which  only  small  quantities  of  urine  were  eliminated  under 
the  influence  of  digitalis  and  potassium  acetate.'     In  one  case 

'  Gwalter:     Diss.     Zurich,     1877.  5    hours.     Lucas:   Med.   Times  and 

Klotz:  Arch.  f.  Derm.,  1903,   Ixiv.,  Gaz.,  1871,  ii.,  382,  death  in  5  hours. 

265.    De  Smet:  J.  med.  de   Brux.,  'von  Jaksch:  Nothnagel's  "Spec. 

1904,  ix.,  170.     Lautier  and  Parruty :  Path.  u.  Ther.,  "  i.,  220.    Ludwig  and 

J.  de  m^d.  de  Bordeaux,  1909,  Zillner:  Wien.  kl.  Wchnschr.,  1890, 
xxxix.,  314.                                                ■  iii.,  572. 

^  Berliner:  Dermat.  Ztschr.,  1901,  «  Jahrb.d.  Schles.  Gesell.  f.  vaterl. 

viii.,  13.  Kult.,  1889,  Ixvii.,  23. 

^  Beck:  Loc.  cii.   Mario:  Giorn.  ital.  'For    other    cases    of    prolonged 

d.   mal.    ven.,     1893,     xxxi.,     287.  complete  anuria  see:  Umber:  Charity 

Fisichella:     Riforma     med.,     1897,  Ann.,  1903,  xxvii.,  162,  anuria  from 

xiii.,  pt.  3,  461.  admission  to   death,   in   104  hours. 

*Virchow:    Berl.    kl.    Wchnschr.,  Frohlich:    Deut.     Ztschr.    f.     Chir., 

1887,  xxiv.,  952.  Richardiere:  Union  1897,  xlvi.,  203,  death  in  14  days, 

m^d.,  1896,  4  s.,  ii.,  553.    Faitout:  anuria    5    days.     Chauffard:    Bull. 

Bull.  Soc.  anat.  de  Paris,  1896,  Ixxi.,  m6d.,  1899,  xiii.,   129,  death  in  20 

742.    Neubeck:  Derm.  Ztschr.,  1902,  days,    anuria    first    5.     Chauffard: 

ix.,470.  Spillmann  and  Blum:  Ann.  Semaine  m6d.,    1905,   xxv.,   13,   re- 

d'hyg.,  1904,  4  s.,   ii.,   126.     Bosc:  covery,  anuria  5  days,  followed  by 

Rev.  mens.  d.  mal.  de  I'enf.,  1905,  polyuria.     Steffeck:  Centbl.  f.  Gyn., 

xxiu.,  171.     Bartsch:   Munch,  med.  1888,    xii.,    65,    death    in    7    days, 

Wchnschr.,  1907,  liv.,  2138.  anuria  last  6,  except  total  of  about 

'Benjamin:Charit6  Ann.,  1897-8,  150  c.c.   in   last    3.     Vohtz:    Hosp. 

XXIV.,  257.  AUaman:  Columbus  Med.  Tid.    Kjob.,    1884,-  3    R.,    ii.,    557; 

J-,    1903,    xxvii.,    272.       Bormans:  Centbl.    f.    Gyn.,    1884,    viii.,    493, 

tiazz.  d.  osp.,  1903,  xxiv.,  55.  death  in  10  days,  anuria  2d  to  7th, 

'Maschka:  Vrtljschr.  f.  d.  prak.  8th   250  c.c.    Wells:    Pittsburgh  M. 

Heilk.,  1877,  cxxxvi.,  38;  death  in  Rev.,    1890,   iv.,   305,   death  in   Sf 
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of  suicide  by  mercuric  nitrate  in  a  man  of  73  years,  who  died  in 
23  days  oliguria  did  not  occur/  but  it  must  be  remembered  that 
the  action  to  this  salt  is  that  of  a  corrosive  rather  than  that  of 
a  mercurial  poison.  Sometimes  there  is  alternation  of  obhguria 
and  polyuria/  and  in  non-fatal  cases  the  anuria  is  usually  suc- 
ceeded by  polyuria.  The  small  quantities  of  urine  which  are 
passed  contain  albumin,  sometimes  in  large  amount,  deposit 
casts  and  blood-corpuscles,  and  respond  to  the  tests  for  mercury. 
In  some  cases  of  prolonged  anuria  there  have  been  no  symptoms 
of  uraemia.*  In  non-fatal  cases  the  albuminuria  may  continue 
for  months. 

Upon  the  second  or  third  day,  or  even  later,  and  occasionally 
within  the  first  two  hours,*  there  are  salivation,  stomatitis, 
glossitis,  gingivitis,  with  loosening  of  the  teeth;  the  tongue  and 
buccal  mucous  membrane  becoming  enormously  swollen,  causing 
serious  interference  with  speech,  deglutition,  and  respiration; 
the  cedema  sometimes  involving  the  glottis,  and  enlargement, 
inflammation,  and  suppuration,  of  the  salivary  glands.  The 
breath  is  extremely  foetid.  These  mouth  symptoms  vary  greatly 
in  intensity.  Sometimes,  even  in  prolonged  cases  terminating 
in  death,  there  is  no  salivation.^     In  other  cases  they  progress 

days,  amiria   after  3d  day.    Michel  out;  (2)  death  in  7  days,  anuria  last 

and     Barth^lemy:     Rev.     m^d.     de  6;    (3)    death    in    9 J    daj-s,    anuria 

Test,    1907,  3  s.,  xxxix.,  511,  death  throughout. 

in  14  days,  anuria  first  6,  7th  small  'Provost:  Rev.  med.  de  la  8ui.^se 

quantity,  following  days  400  to  500  Rom.,  1S82,  ii.,  554.     Heineke:  Loc. 

CO.    p/d.      Gilbert    and     Herscher:  cit. 

Bull,  et  m^m.  Soc.,  anat.  de  Paris,  ^Pfeiffer:  Deut.  Arch.  f.  kl.  Med., 

1901,  Ixxvi.,  268,  death  in  7  days,  1907,  xc,  591. 

almost  complete  anuria  throughout.  '  Gau'ssel:     Loc.     cit.     Chauffard: 

Gaussel:     Montpelier     m6d.,     1905,  Loc.   cit.    (Sem.     med.).     See    also: 

xxi.,   565,   death  in  8  days,  anuria  Renon:    Bull,    et   m^m.   Soc.   m^d. 

throughout,  except  30  c.c.  5th  day,  d.  hop.  de  Paris,   1900,  3  s.,  xvii., 

and   20    c.c.    6th.     Coates:  Lancet,  444. 

1899,    ii.,    784,    death    in    13    days,  *  Henrot  and  Loriot:  Union  m^d. 

anuria     first     8.     Patoir:     Echo  du  nordest,  1900,  xxiv.,  70.    Percy: 

med.  du  nord,  1898,  ii.,  521,  death  Lond.  M.  Gaz.,  1843,  n.  s.,  i.,  942. 
in  ]  1  days,  anuria  last  8,  except  100  ^  Dauchez:  Med.  mod.,  1904,  xv., 

c.c.  6th.    Chaleix-Vivie:  Rev.  mens.  41,  death  in  3  days,  also  in  a  case 

de  gyn.,  etc.,  de  Bordeaux,  1899,  i.,  of    recovery    in    30    days.    Huber: 

507,   death  in   10  days,   anuria   be-  Ztschr.  f.  kl.  Med.,  1888,  xv.,  4.59, 

ginning  2d  and  continuing  9  days,  death  in  5  days.    Ullrich:  Wien. med. 

exceptabouteOc.c.  p/d.  on  5th,  6th,  Presse,  1883,  xxiv.,  1381,  death  in  6 

and    7th  days.     Dezarnaulds:    Med.  days.    Thiberg:  Am.  J.  M.  Sc,  1842, 

mod.,   1902,  xiii.,-  294,   d'eath'in   15  n.    s.    iii.,    490,    death    in   9   days, 

days,  anuria  throughout,  except  40  Roberts:     Med.    Times    and    Gaz., 

c.c.    4th    day.     Heineke:     Ziegler's  1859,  xviii.,  210,  death  in  12  days. 

Beitr.,  1909,  xlv.,  200;  three  cases:  Baumler:   Ztschr.   f.    Med.-Beamte, 

(1)  death  in  5  days,  anuria  through-  1895,  viii.,  409,  death  in  15  days. 
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to  extensive  iilceration  and  gangrene,  and  may  become  the 
cause  of  death  secondarily  from  septic  poisoning.  Indeed,  in  a 
man  of  25  years  an  external  application  of  black  wash  to  a 
chancre  caused  soreness  of  the  gums  and  profuse  salivation.'  In 
a  case  reported  by  Weiss^  the  expectorated  sputum  alone 
measured  two  pints  in  12  hours.  In  rapidly  fatal  cases  mouth 
symptoms  other  than  those  due  to  local  action  are  absent.  In 
cases  of  long  duration  due  to  hypodermic  injection  of  "  insoluble  " 
mercurials,  the  mouth  effects  are  usually  very  pronounced  and 
are  frequently  the  cause  of  death.  Sometimes  the  mouth  and 
throat  symptoms  resemble  those  of  diphtheria  to  a  misleading 
degree.^  The  severity  of  the  gingivitis  depends  largely  upon  the 
condition  of  the  teeth,  and  it  is  claimed  by  Jeay  that  it  does  not 
occur  in  persons  whose  teeth  are  sound  and  properly  cared  for.* 
The  pulse  is  accelerated,  small,  irregular,  easily  compressed, 
and  sometimes  imperceptible,  even  early  in  the  case.  In  a 
case  fatal  in  21  days  there  was  hemorrhagic  pericarditis  from 
the  eighth  day,^  and  also  in  a  non-fatal  case."  The  tempera- 
ture is  usually  normal  or  subnormal,  although  sometimes  a  tem- 
porary febrile  condition  is  met  with.''  In  one  case,  fatal  in  9 
days,  it  fell  as  low  as  33.4°  (92°  F.)  on  the  second  ilay  before 
death.*  Even  when  the  poisoning  occurs  in  an  individual  in  a 
febrile  condition  the  temperature  usually  falls  below  the  nor- 
mal. Thus,  in  a  woman  who  died  in  8  days  from  mercurial  poison- 
ing caused  by  uterine  irrigation  while  she  had  a  temperature  of  41° 
(105. 8°  F.),  the  temperature  on  the  second  day  had  fallen  to  36.4° 
(97.5°  F.).*"  But  if  the  febrile  condition  be  sufficiently  in- 
tense, although  the  temperature  is  reduced,  it  may  not  become 
subnormal.  Thus,  in  a  woman  who  died  in  7  days  after  mercurial 
irrigation  while  having  a  temperature  of  40°  (104°  F.),  the  tem- 
perature only  fell  to  37.3°  (99.14°  F.)  on  the  day  preceding 
death.'" 

'  Lucas:    Indian    M.    Gaz.,    1886,  Press  and   Circ,    1894,   n.   s.,   Ivii., 

^'^'•,  79.  487.     Hinsdale:    Med.   Cent.,    1900, 

''Clm.  Recorder,  1896,  i.,  105.  viii.,  353,  to  101°  three  hours  before 

'Seep.  742.  death.     Dezarnaulds:     M^d.    mod., 

Odont.,  Paris,  1893.  xiii.,  195.  1902,  xiii.,  294,  104°  F.  2d  day  before 

Griffon:     Bull.     Soc.     anat.    de  death, 

l^aris,  1898,  Ixxiii.,  792.  s  Lowy:  Wien.  med.  Presse,  1874, 

,     Petit  and  Milhit:  Presse   m^d.,  xv.,  793. 

1908,  XVI.,  513.  ^  Steffeck:  Loc.cit. 

..  steffeck:  Centbl.  f.  Gyn.,   1888,  'Tranzen:   St.  Pet.  med.  Wchn- 

^"■'65.   Saekur:Berl.kl.Wchnschr.,  schr.,  1890,  n.  s.,  vii.,  217. 
1892,  xxix.,  618.    Stephenson:  Med. 
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Usually  nervous  manifestations,  other  than  those  of  uraemia, 
are  absent,  but  paralyses,  spasms,  opisthotonos,  and  trismus 
have  been  observed. '  Mercurial  tremors,  and  multiple  neuritis 
which  are  of  frequent  occurrence  in  chronic  mercurial  poisoning, 
are  only  occasionally  observed  in  the  acute  form.^  Sometimes  a 
chronic  poisoning  follows  an  acute  one.^ 

Toward  the  end  in  prolonged  cases  there  are  somnolence, 
cramps  in  the  muscles,  abolition  of  the  reflexes,  paralyses,  con- 
vulsions, and  death  in  a  manner  similar  to  that  from  urtemia. 
Or  death  may  occur  in  collapse  at  a  much  earlier  period,  as 
in  Maschka's  case,*  in  which  a  woman  fell  unconscious  shortly 
after  having  taken  a  large  quantity  of  bedbug  poison,  was 
received  at  the  hospital  in  a  condition  of  collapse,  and  died  of 
oedema  of  the  glottis  five  hours  after  having  taken  the  poison. 
In  this  rapidly  fatal  case  there  were  dysenteric  evacuations  and 
suppression  of  urine,  but  no  salivation. 

Occasionally  prominent  symptoms  are  absent,  although  large 
doses  have  been  taken.  In  Pfeiffer's  case,^  although  there  were 
nephritis  and  stomatitis,  there  was  no  diarrhoea,  but  rather  a 
tendency  to  constipation.  In  a  case  reported  by  WiUiams,"  in 
which  there  was  prompt  treatment  after  the  swallowing  of  120 
grains  of  mercuric  chlorid,  there  were  no  gastro-enteric  symp- 
toms, although  there  were  extensive  ulcers  about  the  mouth. 
A  male  suicide  who  took  3  to  4  gm.  of  corrosive  sublimate  while 
drunk  did  not  vomit.'  Blake'  has  published  a  singular  report 
of  the  case  of  a  child  which  died  in  S  days  from  the  effects  of  7.5 
grains  of  mercuric  chlorid,  in  which  all  of  the  symptoms  of  mer- 
curial poisoning  appear  to  have  been  absent.  Another  case  of 
absence  of  symptoms,  in  a  woman  who  died  in  78  hours  after  a 
vaginal  irrigation,  is  reported  by  Keller.^ 

1  Wells:  Pittsburgh  M.  Rev.,  1890,  Etienne:  Rev.  de  m^d.,  1895,  xv., 
iv.,  305.  De  Amicis:  Giorn.  ital.  d.  1009.  Mitchell:  J.  Ment.  and  Nerv. 
mal.   ven.,  1898,  xxxiii.,  212.     Hoi-      Dis.,  1899,  xxvi.,  505. 

loway:  Brit.  M.  J.,  1903,   ii.,   1212.  *  Vrtljschr.    f.    d.    pl-akt.    Heilk., 

Claude  and  Dobrovici:  Ann.  d.  mal.  1877,  cxxxvi.,  38,  and  "Handb.  d. 

ven.,    1906,   i,,    96.    Malcz:    Virch.-  ger.  Med.,"  ii.,  301. 

Hirsch  Jhrbt.,  1876,  i.,  406.  Heineke:  *  Deut.   Arch.  f.  kl.  Med.,  1907, 

hoc.  cit.     See  also  authors  cited  in  xc,  591. 

note  1,  p.  756.  »  Therap.  Gaz.,  1896,  3  s.,  xii.,  660. 

2  Lowe:  Brit.  M.  J.,  1882,  i.,  188.  '  Leclerc:  Bull.  m6d.  de  Quebec, 
Malcz:  hoc.  cit.     Holloway:  Loc.  cit.  1907-8,  ix.,  300. 

Johnson:  S.  Calif.  Pract.,  1898,  xiii.,  «  j    ^jj^  ^^^  Assoc,  1907,  xlviu., 

376.  2187. 

'Malcz:  Loc.  cit.    Spillmann  and  »  Centbl.  f.  Gyn.,  1885,  ix.,  497. 
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Diagnosis — Prognosis — Treatment. 

The  diagnosis  of  mercurial  poisoning  is  usually  plain  from 
the  symptoms,  and  is  rendered  certain  by  the  detection  of  mer- 
cury in  the  urine  or  faeces  during  life,  or  in  the  cadaver  after 
death.  We  have  already  referred  to  the  possibility  of  a  diagnosis 
of  diphtheria  being  made.^  The  conditions  most  closely  resemb- 
ling acute  mercurial  poisoning  are  poisoning  by  bismuth,^  oxahc 
acid,^  and  chlorates.* 

The  prognosis  in  acute  mercurial  poisoning  is  not  favorable. 
Of  745  cases  411,  or  55. 1  per  cent,  terminated  in  death,  and  334, 
or  44 . 9  per  cent,  in  recovery,  and  among  the  latter  are  several  cases 
of  severe  poisoning  from  minute  doses.  Considering  corrosive 
sublimate  alone,  of  565  cases,  including  several  mild  ones  from 
external  application,  302,  or  53.5  per  cent,  were  fatal,  and  263,  or 
46.5  per  cent,  non-fatal.  Mercuric  nitrate  caused  death  in  all 
of  the  8  cases  in  which  it  was  taken  internally.  When  the 
quantity  of  urine  remains  at  or  near  the  normal  a  favorable 
prognosis  may  be  ventured,  but  when  there  is  anuria  the  outlook 
becomes  very  unpromising.' 

In  the  treatment  of  acute  poisoning  by  the  stronger  mercu- 
rials albumin  should  be  administered  in  the  form  of  white  of  egg 
or  milk,  preferably  the  former.  As,  however,  the  mercury 
albuminate  formed  is  soluble  either  in  solutions  of  the  alkaline 
chlorids  or  in  excess  of  albumin,  the  administration  of  white  of 
egg  should  be  followed  by  emesis,  which  usually  occurs  spon- 
taneously from  the  effects  of  the  poison,  or  may  be  provoked  by 
mechanical  means  or  by  the  administration  of  an  emetic  (apo- 
morphin  hypodermically)  if  the  case  comes  under  treatment 
early.  The  syphon  is,  however,  to  be  preferred  to  emetics, 
provided  the  pipe  be  soft  and  carefully  introduced,  as  the  corrosive 
action  of  some  of  the  mercurials  (including  the  bichlorid)  does 
not  produce  that  degree  of  disintegration  of  the  tissues  which 
is  caused  by  the  mineral  acids  and  alkalies  (including  mercuric 

'Seep.  761.  v.,     113.     Ebstein     and     Nicolaier: 

'Petersen:    Deut.    med.     Wchn-  Virch.    Arch.,     1897,    cxlviii.,   366. 

schr  1883,ix.,367.  KocherrSamml.  Pfeiffer:   Deut.    Arch.    f.    kl.    Med., 

kl.   Vortr.   (Volkmann),    1882,    No.  1907,  xc,  591. 

^24,    p.    1921.     Langhans:     Deut.  *  Burmeister:  Virch.  Arch.,  1894, 

^tschr.  f.    Chir.,    1885,    xxii.,    575.  cxxxviii.,  404. 

Meyer  and  Steinfeld:  Arch.  f.  exp.  ^patgir:    Echo    m6d.    du     nord., 

^■v-  P.,  1886,  XX.,  40.  1898,  ii.,  521.     Umber.  Charity  Ann., 

Korvonen:  Derm.  Ztschr.,  1898,  1903,  xxvii.,  160. 
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nitrate),  yet  it  causes  lesions  which  with  an  emetic  may  produce 
rupture  and  sudden  death  in  collapse,  particularly  if  the  case  be 
seen  late.  The  best  plan  is  to  administer  white  of  egg  and  then 
wash  out  the  stomach  with  albuminous  water,  to  which  magnesia 
usta  may  be  added.  The  efficiency  of  white  of  egg  as  an  antidote 
is  well  illustrated  by  the  following  case,  communicated  by 
Dr.  H.  C.  Tinkham:  In  attendance  upon  a  surgical  case,  in  a 
strong  man  of  .35  years,  the  doctor  left  some  morphin  tablets 
to  be  given  half-hourly  until  the  patient  was  reHeved  of  pain, 
and  while  replacing  his  case  he  accidentally  and  unknowningly 
dropped  a  package  of  one-grain  bichlorid  tablets.  The  latter 
were  given  to  the  patient  in  place  of  the  former,  until  he  had 
taken  16  gr.  of  bichlorid  in  eight  hours.  The  patient's  wife, 
thinking  that  nourishment  would  not  be  out  of  place,  beat  up  an 
egg  from  time  to  time  and  gave  it  to  her  husband,  who  vomited 
shortly  after.  There  was  some  pain  in  the  region  of  the  liver, 
but  no  diarrhoea,  no  salivation,  no  suppression  of  urine,  in  short, 
no  symptoms  of  mercurial  poisoning.  An  excellent  antidote, 
theoretically,  is  freshly  precipitated  ferric  sulfid,  but  it  is  not 
available  outside  of  a  chemical  laboratory.  In  the  subsequent 
treatment  digitalis,  pilocarpin,  and  stimulants  are  indicated. 
Tendency  to  collapse  is  to  be  combated  by  external  warmth, 
and  oliguria  by  infusions  of  physiological  salt  solution.  Salt 
or  any  article  containing  it  is  to  be  avoided  in  the  food,  as  it 
favors  the  ab.sorption  of  the  mercury.  The  maintenance  of 
nutrition  is  sometimes  difficult,  as  the  duration  of  the  poisoning 
is  long,  and  not  only  is  food  given  by  the  mouth  rejected,  but 
rectal  nourishment  is  difficult  from  the  action  of  the  mercurial 
upon  the  large  intestine.  The  application  of  methylene  blue  to 
the  ulcers  of  mercurial  stomatitis  has  been  recommended  by 
Herbert  and  Lamoureux, '  and  Friedenberg-  suggests  a  mouth- 
wash of  hydrogen  peroxid,  1  :3,  for  the  same  use.  Sabbatini' 
has  suggested  gargles  and  enemata  of  solutions  of  sodium  thio- 
sulfate  or  of  hydrogen  sulfid  to  combat  the  stomatitis  and  colitis, 
and  to  impede  absorption,  v.  Boeck-*  treats  the  buccal  ulcers 
with  a  10  per  cent,  solution  of  chromic  acid  and  afterward  with 
lunar  caustic.     Dubois^  attempted,  unsuccessfully,  to  obtain  an 

'  Rev.  m6d.  de  Normandie,  1906,  "  Mon.  f.  prakt.  Derm.,  1895,  xxi., 

vii.,  385.  71.    See    also    Jadasohn:   Ztschr.   f. 

"Amer.   Med.,   1903,   v..   129.  prakt.  Aerzte,  1897,  v.,  255. 

'Riforma  med.,   1907,  xxiii.,  767.  *  Toulouse  m6d.,  1907,2  s.,ix.,  209. 
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antimercurial  serum,  corresponding  to  the  alleged  anti-arsenical 
serum  of  Besredka.^ 

Elimination. 

The  elimination  of  mercury,  being  of  great  interest  in  con- 
nection with  its  treatment  of  syphilis,  has  been  the  subject 
of  much  investigation.  The  principal  channels  of  elimination 
are  in  the  urine  and  faeces,  in  both  of  which  it  has  been  found 
in  many  instances,  and  under  all  conditiqns  of  administration. 
The  quantitative  relation  of  elimination  by  these  two  channels 
is  not  constant,  that  by  one  or  the  other  may  predominate 
notably.  In  their  observations  of  five  cases  of  acute  poisoning 
by  mercuric  chlorid  and  cyanid  taken  by  the  mouth,  Barthe  and 
Mongour^  conclude  that  the  kidneys  take  but  little  part  in 
elimination,  and  that  such  as  does  occur  is  principally  during 
the  period  of  euphoria.  Klemperer,^  on  the  other  hand,  found 
that  more  than  one-half  of  the  elimination  is  by  the  kidneys.  The 
numerous  analyses  of  urine  and  faeces  made  in  cases  where  the 
mercurial  has  been  taken  per  os^  have  no  bearing  upon  the 
question;  the  amount  in  the  faeces  is  always  the  greater  because 
of  the  passage  of  unabsorbed  material.  Kronfeld  and  Stein^ 
have  investigated  the  elimination  in  urine  and  faeces  in  patients 
to  whom  mercury  was  administered  by  inunction  and  by  gluteal 
injection.  In  ten  patients  they  found  the  elimination  by  the 
faeces  the  greater  in  six,  and  that  by  the  urine  the  greater  in  four. 
The  greatest  preponderance  of  the  faeces  was  0 .  0142  to  0 .  0046  in 
the  urine,  and  the  greatest  preponderance  in  the  urine  was  0 .  0108 
to  0.0098.  In  one  case  the  two  eliminations  were  practically 
equal:  0.0132  and  0.0134.  Varges,"  in  a  patient  to  whom  "  mer- 
gal"  (mercury  cholate)  was  administered  per  os,  found  the 
elimination  by  the  faeces  to  be  greater  than  that  by  the  urine,  but 
of  shorter  duration  after  cessation  of  the  administration.  The 
absorbed  mercury  which  is  voided  in  the  faeces  may  be  excreted 

'  See  p.  491.  *  Wien.  med.  Wchnschr.,  1890,  xL, 

''J.  de  m^d.  de  Bordeaux,  1906,  1004.     See  also:  Schuster  :Deut.  med. 

xxxvi.,  64.  Wchnschr.,    1884,    x.,    278.     Stein: 

'Virch.  Arch.,  1889,  cxviii.,  445.  Wien.  kl.  Wchnschr.,  1890,  iii.,  1014. 

'Schneider:    Sitzber.     d.     k.     k.  Gola;  Giorn.   d.  r.   Ac.   di  med.   di 

Akad.  d.  Wissensch.  in  Wien.  CI.  ix.,  Torino,  1900,  xliii.,  478. 

I860,  xl.,  2139.    Riederer:  N.  Rep.  f.  "Fortschr.  d.   Med.,    1907,    xxv., 

rharm.,   1867,  xvii.,  257.      Winter-  757. 
mtz:  Arch.  f.  exp.  P.  u.  P.,   1889, 
XXV..  225. 
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in  the  bile  or  in  the  secretions  of  the  multitudinous  other  glands 
discharging  into  the  alimentary  canal.  While  some  observers 
have  noted  an  increased  secretion  of  bile  and  the  presence  of 
mercury  therein/  others  have  failed  to  find  the  metal  in  the  bile, 
and  the  weight  of  evidence  is  in  favor  of  the  view  that  the  greater 
part  of  the  faecal  elimination  originates  from  glands  other  than 
the  liver.-  Elimination  by  the  salivary  glands  takes  place  fairly 
constantly,^  although  in  some  instances  analysis  of  the  saliva 
has  failed  to  show  the  presence  of  mercury.*  Brasse  and  Wirth* 
found  that  with  a  total  elimination  of  7.5  mgm.  the  saliva 
contained  2  mgm.  Weiss*  reported  a  case  in  which  the  sahva, 
discharged  at  the  rate  of  two  pints  in  12  hours,  contained  more 
mercury  than  the  urine  and  faeces. 

When  the  administration  is  by  hypodermic  injection  the  be- 
ginning of  elimination  varies  with  the_  form  of  the  mercurial. 
Soluble  compounds  appear  in  the  urine  in  one  to  two  hours,' 
mercury  salicylate  in  a  few  hours,*  mercury  biniodid  in  5  to 
7  hours, ^  calomel  or  gray  oil  in  periods  varying  from  16  hours'" 
to  13  days.''  When  absorbed  by  inhalation,  as  in  the  different 
methods  of  external  application,  mercury  appears  in  the  urine 

>  Zeller:    Diss.,    Tubingen,     1808.  1882,  vi.,   20.    Welander:  Arch.  f. 

Hosier:  Virch.  Arch.,  1858,  xiii.,  29.  Dermat.,  1893,  xxv.,  39.    Chauffard: 

Weichert:      Diss.,     Dorpat,     1860.  Loc.  cit.     Vucetic:  AUg.  Wien.  med. 

Overbeck:  "Mercur  u.  Syph.,"  Ber-  Ztg.,    1894,   xxxix.,    129.      Coates: 

liri,  1861.    Rutherford:  J.  of  Anat.  Lancet,  1899,  ii.,  784.    Oppenheim: 

and  Phys.,  1876,  x.,  253;  1877,  xi.,  /6id.,  1901,  Ivi.,  339.    Hinsdale:  Med. 

61,   623.     Schmidt:    Diss.,   Dorpat,  Cent.,  1900,  viii.,  353.    Donat:  Bull. 

1879.     Hassenstein:   Diss.,   Konigs-  mM.,  1902,  xvi.,  419. 

berg,   1879.     Ludwig    and    Zillner:  *  Schneider:   Loc.  cit.    Mayengon 

Wien.  kl.  Wchnsohr.,  1890,  iii.,  535.  and    Bergeret:    Lyon    m^d.,    1873, 

De  Michele:    Riforma    med.,    1891,  xii.,82.    VajdaandPaschkis:  "Einfl. 

vii.,  pt.  3,  217,  233.     Diepow:  Diss.,  d.  Quecks.  a.  d.  Syph.,"  Wien,  1880. 

Wurzburg,    1893.      Ullmann:   Arch.  ^  C.  r.  See.  de  bid.,  1887,  8  s.,  iv., 

f.  Dermat.,  1893,  Suplh.,  ii.,  220.  774. 

2  Bennet:    "Researches   into    the  "  Clin.  Recorder,  1896,  i.,  105. 

action  of  mercury,"  London,  1874.  '  Welander:     Nord.    med.    Ark., 

Leineweber:  Diss.,  Gottingen,  1883.  1886,     xviii.,     22.     Mayengon    and 

Chauffard:  Bull.  mM.,    1899,    xiii.,  Bergeret:  Loc.  dt. 

129.     Stassano:  C.  r.  Soc.  de  bioL,  »  Linden:  Arch.  f.  Dermat.,  1892, 

1902,  11  s.,  iv.,  1100.    Spillmann  and  Ergh.,  ii.,  226. 

Blum:  Ann.  d'hyg.,   1904,  4  s.,  ii.,  =  Carle  and  Boulud:  Ann.  de  der- 

126.     Conti  and   Zuccola:   Riforma  mat.,  1904,  4  s.,  v.,  97. 

med.,  1906,  xxii.,  292.  ">  Landsberg:  Diss.,  Breslau,  1886. 

'Lehmann:    "Zoochemie,"    1858,  "  Kronfeld:    Wien.    med.   Wchn- 

p.  15.     Byasson:  J.  de  I'anat.  et  de  schr.,  1889,  xxxix.,  1337,  1374.    See 

physiol.,    1S72,    viii.,    500.      Kuss-  also:  Welander:  Loc.  cit.,  and  Vrtl- 

maul:    "Const.    Mercurial.,"   Wflrz-  jschr.  f.  Dermat.,   1887,  xiv.,  1046. 

burg,  ISO  1.    Schmidt:  Loc.  c(«.    Leh-  Winternitz:  Arch.  f.  exp.  P.  u.  P., 

mann:    Ztschr.    f.   Physiol.    Chem.,  1889,  xxv.,  225. 


MERCURY ELIMINATION.  767 

sometimes  as  early  as  two  hours  after  the  first  appHcation/ 
and  sometimes  only  after  the  application  has  been  continued  for 
several  days,  as  long  as  28  days.^  When  taken  by  the  mouth  in 
solution,  mercury  is  detectable  in  the  urine  in  about  two  hours, ^ 
the  protiodid  or  bichlorid  in  pill  form  in  from  3  to  24  hours,' 
and  calomel  in  from  8  hours'^  to  4  days.''  The  beginning  of  elim- 
ination by  the  saliva  is  later  than  that  by  the  urine.' 

The  duration  of  elimination  varies  with  the  method  of  in- 
troduction. When  a  single  dose  is  taken  the  elimination  is  com- 
plete in  from  one  to  four  days.'  After  repeated  administrations 
the  elimination  is  much  slower.  Under  these  circumstances,  at 
the  termination  of  the  treatment,  mercury  exists  in  the  organism 
in  two  conditions,  in  part  circulating  in  the  blood,  and  in  part 
combined  in  the  tissues.  The  former  is  promptly  eliminated,  but 
the  latter  only  slowly,  and  -pari  passu  with  the  physiological  break- 
ing down  of  the  proteins  with  which  it  is  combined.  The  dura- 
tion of  this  continued  elimination  has  been  very  differently  stated 
by  different  writers.  Kopp°  places  it  at  five  weeks;  Linden'" 
found  it  to  be  complete  in  four  weeks  in  70  per  cent,  of  his  cases, 
and  during  the  second  month  in  24  per  cent.  Nega"  found  it  to 
continue  three  months,  Farup'^  159  days,  and  Oberlander'^  190 
days.  Welander"  found  elimination  in  notable  quantity  for  30 
to  40  days,  then  in  diminished,  but  still  relatively  large,  amount 
up  to  60  to  70  days,  as  long  sometimes  as  132  days,  and  traces 
for  four  to  six  months,  occasionally  longer.  Landsberg'^  found 
mercury  in  the  urine  for  from  2  to  13  months  after  a  last  injection 
of  calomel.     Vajda  and  Pashkis^'  state  that  they  found  mercury 

'Carle  and  Boulud:  Loc.  cit.  Schneider:  Loc.  cit.    Riederer:  Loc. 

'Schmidt:    Loc.     cit.     See     also:  c-ii.  Bohm:  Ztschr.  f.  physiol.  Chem., 

Welander:  Loc.   cit.,   and   Arch.   f.  1891,  xv.,  1. 

Dermat.,    1893,    xxv.,  39.    Linden:  'Byasson:  Loc.  cif. 

Loc.    cit.     Schuster:     Vrtljschr.     f.  ^  Byasson:    Loc.    cit.     Carle    and 

Dermat.,   1882,   ix.,  51.    Wolff  and  Boulud:  Loc.  cit. 

mga,:  Deut.  med.  Wchnschr.,  1886,  "  Vrtljschr.     f.     Dermat.,     1885, 

xu.,  272.   Muller:   Jbt.   f.   Thierch.,  xii.,  1. 

1886,  XVI.,  224.  BalzerandKlumpke:  ^^  Loc.  cit. 

Uv.dem^d.,  1888,  viii.,  303.    Lewi:  "Diss.,Strassburg,1882; Schmidt's 

Uiss.  Jena,  1889.     Farup:   Arch.   f.  Jhrb.,  1883,  cxcviii.,  189. 

Dermat.,  1901,  Ivi.,  371.  '^  Loc.  cit. 

Byasson:    J.    de    I'anat.    et    de  '^  Vrtlischr.    f.    Dermat.,     1880., 

Physiol.,  1872,  viii.,  500.  vii.,  512. 

Urle    and    Boulud:     Loc.    cit.  '* /bid.,  1887,  xiv.,  1046. 

6  w  !  ^°'^-  '^■'  says  6  days.  "  Loc.  cit. 

Welander:  Loc.  cit.  ^^  Loc.  cit. 
Bchmidt:    Loc.    cit.    See    also: 
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in  the  urine  13  years  after  a  mercurial  treatment,  but  the  possi- 
bility of  intermediate  absorption  is  by  no  means  excluded. 
According  to  some  observers'  the  elimination,  after  the  cessation 
of  a  mercurial  treatment,  is  continuous  and  progressively  diminish- 
ing in  amount.  According  to  others  it  is  subject  to  quantitative 
variations,^  or  even  to  total  suspension  for  periods  as  long  as  8 
to  10  days.^  Obviously,  if  the  latter  view  be  the  true  one  the 
disappearance  of  mercury  from  the  urine  of  a  few  days  is  not 
proof  of  its  complete  removal  from  the  body.*  The  quantity 
of  sparingly 'soluble  mercurial  taken  by  the  mouth  which  is  elim- 
inated by  the  urine  is  a  small  fraction  only  of  the  dose  swal- 
lowed. Thus  Riederer^  with  2.789  gm.  of  calomel  taken  during 
31  days  found  2-\  per  cent,  in  the  urine;  and  Bohm"  with  1.5  gm. 
of  the  salicylate  given  in  three  days  recovered  1 . 1  per  cent, 
from  the  urine. ' 

Absorbed  mercury  passes  into  the  milk,'  and  into  patholog- 
ical fluids  such  as  pus,  and  the  fluids  of  ascites  and  hydrocele.' 
It  is  also  said  to  be  eliminated  in  large  amounts  in  menstrual 
blood."  That  elimination  by  the  skin  takes  place  is  shown  by  the 
amalgamation  of  gold  rings  worn  by  patients.'"  Mercury  has 
also  been  detected  in  the  exfoliated  scales  of  epidermis."  Donat 
reports  a  case  of  mercurial  epiphora  in  which  mercury  was  found 
in  the  tears. '^ 

PoST-ilOETEM    ApPEARAXCES. 

When  death  has  been  caused  bj-  a  mercurial  taken  by  the 
mouth  the  most  noteworthy  appearances  found  at  the  autopsy 
are  in  the  alimentar}'  canal  and  in  the  kidneys.  The  appear- 
ances in  the  former  vary  according  as  the  case  has  been  one  of 

'  Welander,     Linden,     Carle    and  Semaine    m^d.,    1907,    xxvii.,   583. 

Boulud,   Kronfeld  and   Stein:  Loc.  Michel  and  BartMlemy:  Rev.  m^d. 

cit.       Landsberg:     Loc.     cit.,     and  de  Test,  1907,  3  s.,  xxxix.,  511. 

Vrtljschr.  f.  Dermat.,  18S7,xiv.,411.  MVelander:     Arch.     f.    Dermat., 

^Overbeck,    Schneider,     Xega,  1901,  Ivii.,  363.     The  dissertation  of 

Winternitz:   Loc.   cit.     Burgi:   cited  M  irono  witsch;   Jurjew,   1901,  in 

by   Hefiter:     Ergebn.     d.   Physiol.,  Russian,    upon    elimination   by  the 

1903,  ii.,  Ite  Abt.,  128.  perspiration,  is  not  accessible  to  us. 

'  Oberlander:  Loc.  cif.  «  Nikolsky,    quoted  by  Robert: 

*  Kussmaul,  Overbeck:  Loc.  cU.  "Intox.,"  2te  Aufl.,  ii.,  335. 

°  Loc.  cit.  i»  Edebohls:    New  York  J.  Gyn. 

,     ^Loc.  cit.  and  Obst.,  1893,  iii.,  537. 

'  Mayengon    and    Bergeret:    Loc.  "  Balzer,    Dugros  and  Fouquet: 

cit.     Sigalas     and      Dupouy:     Rev.  Ann.  de  dermat.,  1904,  4  s.,  v.,  165; 

mens,  de  gyn.,  1900,  ii.,  522.  Bucura:  '-  Bull,  med.,  1902,  xvi.,  419. 
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rapid  or  of  prolonged  course.  In  rapidly  fatal  cases  the  appear- 
ances in  and  about  the  mouth  are  those  caused  by  the  local, 
corrosive  action,  when  the  bichlorid  or  nitrate  has  been  taken. 
The  lips,  tongue,  buccal  mucous  membrane,  and  pharynx  are 
swollen,  sometimes  sufficiently  to  have  interfered  seriously 
with  respiration,  more  or  less  completely  deprived  of  epithelium, 
gray-white  or  slate-gray,  or  even  black  in  color,  corrugated,  and 
the  superficial  layers  detached  in  shreds.  These  lesions  vary  in 
intensity  with  the  degree  of  concentration  in  which  the  coagulat- 
ing mercurial  has  been  taken,  and  the  extent  of  its  actual  contact 
with  the  parts.  They  are  entirely  absent  with  the  non-corrosive 
mercurials,  and  only  begin  at  the  pharynx  when  even  a  concen- 
trated solution  of  the  bichlorid  has  been  thrown  well  back  into  the 
mouth.  On  the  other  hand,  they  may  extend  to  the  glottis,  and 
cause  death  by  oedema,  or  they  may  extend  to  the  naso-pharyn- 
geal  spaces  as  a  consequence  of  regurgitation  through  the  nose 
of  the  caustic  vomited  material.  In  cases  of  long  duration  the 
lesions  of  corrosion  may  have  healed  and  cicatrized,  but  other 
lesions  may  be  encountered  due  to  the  truly  poisonous  action  of 
the  mercurial,  whatever  its  form  and  however  absorbed.  The 
mouth  and  cheeks  may  be  the  seat  of  extensive  ulceration  and 
necrosis,  the  gums  softened  and  darkened,  the  teeth  loosened, 
and  the  salivary  glands  and  lymphatic  glands  about  the  mouth 
infiltrated,  ulcerated.  The  intensity  of  these  lesions  will  vary 
with  the  severity  of  the  mouth  effects  during  life,  and  cases  are 
not  wanting  in  which  such  symptoms  have  been  entirely  absent. 
The  lesions  in  the  stomach,  if  such  exist,  are  mainly  those  of 
corrosion.  The  gastric  mucous  membrane  may  be  highly  red- 
dened, ecchymosed,  or  even  necrotic  in  places,  particularly  to- 
ward the  cardiac  or  pyloric  openings,  easily  detachable,  or  de- 
tached in  shreds,  and  easily  torn.  A  black  color  of  the  gastric 
mucous  membrane  is  considered  by  Seidel  as  of  questionable 
possibility,  yet  it  has  been  observed  in  several  cases,  ^  in  one  of 
which  (Downs)   death  followed  the  ingestion  in  forty  hours. 

'Seidel:   Masehka's   "Handb.    d.  1861,69.   Vergely:  Bull.  Soc. d'anat. 

ger.    Med.,"    ii.,    298.     Valentine:  et  de  physiol.  de   Bordeaux,   1893, 

admb.  M.  and  S.  J.,  1818,  xiv.,  468.  xiv.,  91.   Bigart:  Bull.  Soc.  anat.  de 

Wade:  Lancet,  1848,  i.,  500.    Fager-  Paris,   1898,   5  s.,   xii.,  743.    Bogg 

lund:  Vrtljschr.  f.  ger.  Med.,  1894,  Lancet,    1878,   ii.,    876.     Nicholson 

^1'.,  vm.,    Suph.,   70.     Westrumb:  Brit.  M.  J.,  1896,  i.,  19.     Bacaloglu- 

fag.  f.  d.  ges.  Heilk.,  1834,  xliii..  Bull.    Soc.    anat.    de    Paris,    1899, 

448.    Downs:  Tr.  M.  Soc.  N.  York,  Ixxiv.,  -227. 
IV.-49 
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The  corrosion  may  extend  to  the  muscular  coat  and  deeper. 
Perforation  of  the  stomach  or  duodenum  is  of  very  exceptional 
occurrence,  yet  it  may  be  produced  either  by  corrosive  action,  as 
in  Valentine's^  and  Deutsch's^  cases,  or  by  ulcerative  processes, 
as  in  Coates'^  case.  In  very  rapidly  fatal  cases  the  intestines 
may  be  normal.  Usually  the  small  intestine,  even  in  prolonged 
cases,  shows  no  abnormalities  beyond  a  moderate  degree  of  con- 
gestion, except  in  the  duodenum,  to  which  the  lesions  found  in 
the  stomach  sometimes  extend,  even  to  the  extent  of  perforation, 
as  in  Deutsch's  case,  and  in  the  lower  ileum,  into  which  the 
processes  occurring  in  the  large  intestine  rarely  extend.*  The 
most  characteristic  lesions  of  the  alimentary  canal  are  found  in 
the  large  intestines,  particularly  at  the  sigmoid  flexure  of  the 
colon  and  in  the  coecum,  not  in  the  vermiform  appendix.  The 
appearances  are  those  of  a  diphtheritic  enteritis,  or  similar  to 
those  met  with  after  death  from  dysentery.^  The  mucous 
membrane  is  highly  injected,  reddened,  detached  in  shreds, 
marked  with  numerous  ulcers  or  eschars,  and  the  submucosa  is 
also  reddened  and  injected.  The  necrotic  areas  are  most  marked 
on  the  summits  of  the  folds,  and  may  be  limited  thereto,  and 
dark  deposits  may  be  found  in  the  cells."  Frequently  also  there 
are  evidences  of  peritonitis.  Sometimes  the  intestinal  lesions 
are  absent,  even  in  cases  in  which  the  renal  lesions  are  well 
marked. 

The  renal  lesions,  when  present,  are  very  characteristic.  The 
kidneys  are  large  and  soft,  the  cortex  is  pale  yellowish-white, 
and  sharply  defined  from  the  red  medullary  portion.  The  organ 
grits  on  section,  and  the  cut  surface  presents  yellowish-white 
spots  and  streaks,  which  are  produced  by  deposits  in  the  convo- 
luted tubes,  both  in  the  epithelium  and  in  the  lumina  of  the  tubes, 
of  the  amorphous  or  nodular  granules  or  masses  of  calcium  car- 
bonate and  phosphate,  from  the  former  of  which  the  escape  of 
bubbles  of  gas  may  be  observed  when  a  section  is  treated  under 
the  microscope  with  dilute  sulfuric  acid,  when  crystals  of  calcium 

'  Loc.  cit.  Dermat.     Ztschr.,     1902,    ix.,    470. 

^iMed.  Ztg.,  18.51,  xx.,  153.  Savour^:  Rev.  de  stomatol.,   1904, 

'  Lancet,  1899,  ii.,  734.  xi.,  39l. 

'Durante:    Bull.    Soc.    anat.    de  ^  See    Virchow:    Berl.   kl.   Wchn- 

Paris,  1802,  Ixvii.,  548.    Mogele:  Med.  sohr.,    1888,    xxv.,    72.    Runeberg: 

Corr.-Bl.  d.  AVilrt.  A.-Ver.,  1897,  Deut.  med.  Wchnschr.,  1889,  xv.,  4. 
xlvu.,  (15.    Griffon:  Bull.  Soc.  anat.  "Seep.  754. 

de  Paris,  ixd.s,  Ixxiii.,  7!V2.     Xeubeck: 
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sulfate  may  also  be  formed.'  The  infarcts  of  calcium  oxalate, 
of  similar  appearance,  found  in  the  kidneys  in  oxalic  poisoning, 
do  not  behave  in  this  manner.  There  are  other  evidences  of 
acute  parenchymatous  nephritis,  necrosis,  and  fatty  degenera- 
tion of  the  epithelium,  and  the  presence  of  casts,  hyaline,  epithe- 
lial, or  blood,  in  the  tubules.  Although  these  lesions  are  usually 
confined  to  the  'convoluted  tubes,  the  loops  of  Henle  and  the 
straight  tubes  are  sometimes  also  involved,  and  glomerulitis  has 
also  been  observed."  In  one  of  Schall's  cases^  advanced  degene- 
ration of  the  kidneys,  as  well  as  the  intestinal  lesions,  was  present, 
although  the  person  died  in  24  hours. 

Among  the  other  lesions  observed  are  ecchymoses  of  the  en- 
docardium, pericarditis,''  and  degeneration  of  the  heart  muscle; 
injection  of  the  tracheal  mucous  membrane;  an  inflammatory 
reddening  of  the  marrow  of  the  bones ;^  and,  in  prolonged  cases, 
fatty  degeneration  of  the  liver.  Moulinier*  has  reported  a  case 
fatal  in  15  days  in  which  there  was  complete  myeloid  degenera- 
tion of  the  spleen.  The  changes  in  the  nervous  system  caused 
by  acute  mercurial  poisoning  have  been  studied  by  Alessi  and 
Fieri,'  and  by  Spillmann  and  Blum.* 


CHRONIC  MERCURIAL  POISONING. 

This  form  of  poisoning  occurs  in  operatives  who  have  to 
deal  with  metallic  mercury,  and  is  produced  by  inhalation  of 
the  vapor  which  it  gives  off  at  all  temperatures.  It  has  been 
observed  in  the  operatives  engaged  in  the  mining  and  separa- 
tion of  the  metal  at  Almaden  in  Spain,  at  Idria  in  Austria,  in 
Peru,  California,  China  (Kwei-chan),  and  in  the  Ural  moun- 
tains.°    Other  industries  in  which  the  operatives  are  exposed  to 

'Calcification  may  also  occur  in  xiii.,  129.   Griffon:  Bull.  Soc.anat.de 

the  duodenum   (Kaufmann:    Virch.  Paris,  1898,  Ixxiii.,  792. 

Arch.,  1889,  cxvii.,  227).  *  gtog]jinan  and   Charteris:   J.   of 

'Alsssandro:  Policlin.,     Roma,  Path,  and  Bact.,  1903-4,  ix.,  204. 

1894,1,206,434.   Canuet andPilliet:  "Arch,  de  m6d.  nav.,  etc.,  1903, 

Bull.   Soc.    anat.    de    Paris,    1898,  Ixxx.,  347. 

Ixxm.,  124.     Mouisset    and    Mouri-  '  Clin.  med.  ital.,  1901,  xl,  321. 

quand:  J.  de  physiol.   et   de  path.  "  Ann.  d'hyg,  1904,  4  s.,  ii.,  126. 

g^n.,  1906,  viil,  292.    See  also  p.  755.  "  Baaz:  Wien.  med.  Presse,  1886, 

'Ziegler's  Beitr.,  1908.,  xliv.,  461.  xxvii.,  711,  741,  774,  879,  944,  977, 

*Chauffard:     Bull,     m^d.,     1899,  1010,   1104,   1133.     Raymond:  Pro- 

gres  med.,  Paris,  1884,  xh.,  1017. 
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mercurial  vapors  are  in  the  manufacture  of  mirrors/  of  percus- 
sion caps/  of  barometers  and  thermometers/  of  electric  appara- 
tus/ also  goldsmiths,  fire  gilders,  gold  "retorters,"^  and  in 
hatters  and  furriers  who  handle  the  nitrate.®  A  "mass  poison- 
ing" of  some  200  sailors  on  the  British  ship  Triumph  in  1809 
was  caused  by  inhalation  of  the  vapor  from  a  quantity  of  mer- 
cury which  had  broken  loose  in  the  hold.'  Chronic  poisonings 
have  also  been  caused  by  the  excessive  administration  of  mer- 
curials as  medicines,  although  such  cases  are  of  infrequent 
occurrence  at  present/  from  inhabiting  rooms  adorned  with 
mirrors  whose  silvering  was  originally  or  has  become  defective/  in 
employees  in  shooting  galleries/"  from  handling  mercurial  sheep 
wash/^  from  a  steam  regulator  containing  mercury/-  from  amal- 

Eichhorst:  Med.  Klin.,  1905,  i.,  80. 
Kohler:  Aerztl.  Sachv.  Ztg.,  1909, 
XV.,  52. 

^Schmitz:  Op.  cit.,  p.  26. 
Chapin:  Am.  J.  Insanity,  1863, 
XX.,  335.  Concato:  Schmidt's  Jhrbt., 
1868,  cxlv.,  144.  Merget:Rev  san.de 
Bordeaux,  1884-85,  ii.,  33.  White- 
ley:  Rep.   Med.   Off.  Privy  Council, 

1863,  p.  358. 
"  See  Mercuric  Xitrate,  p.  739;  also 

Reiz:  Ztsch.  f.  Staatsarznk.,  1829, 
xvii.,  381.  Taylor:  Guy's  Hosp. Rep., 

1864,  3  s.,x.,  173.  Axenfeld:  Gaz.  d. 
hop.,  1870,  xliii.,  97.  Stadthagen: 
Deut.  med.  Wchnschr.,  1884,  x.,  202. 
Charpentier:  BuU.  Soc.  m^d.  publ., 
1S85,  viii.,12.  Letulle:  Ann.d'hyg., 
1889,  3  s.,  xxi.,  169.  Adler:  Med. 
News.,  1891,  lix.,  186. 

'  Burnett:  Phil.  Trans.,  London, 
1823,  402;.Edinb.  M.  and  S.  Jour., 
1810,  vi.,  513;  Med.-chir.  Rev.  and 
Jour.,  1S23-24,  iv.,  1010.  Paris 
and  Fonblanque:  "Med.  Jur.,"  ii., 
461.  - 

^Kmcheloc:  Virginia  M.  Mthly., 
1904-5,  ix,,  158.  Spillmann  and 
Etienne:  Rev.  de  m6d.,  1895,  xv., 
1009.  Rigler:  Deut.  med.  Ztg., 
1907,  xxviii.,  1047. 

'Xeukirch:   Beri.   kl.  Wchnschr., 


^Percival:  Edinb.  M.  and  S. 
Jour.,  1813,  ix.,  32.  Kalb:  "Ein 
Fall  V.  lethalem  Mercurialismus," 
Diss.,  Erlangen,  1876.  Koch:  Pro- 
toe,  d.  Ver.  d.  Kreis.  v.  Mittel- 
fra>nk.  Aerzte,  Nurnb.,  1854.  Bayer: 
Arch.  f.  med.  Erfahr.,  1820,  i.,  115. 
Mayer:  Friedreich's  Bl.  f.  ger. 
Med.,  1884,  xxxv.,  176,  285. 
Schoull:  Ann.  d'hyg.,  1882,  3  s., 
viii.,  261.  Draper:  N.  Y.  M.  Jour., 
1880,  xxxi.,  626.  Cayley:  M.  Times 
and  Gaz.,  1881,  i.,  35.  Arkle.  Tr. 
clin.  Soc,  1889-90,  xxii.,  313. 
M6nard:  These,  Paris,  1892.  Wollner: 
Munch,  med.  Wchnschr.,  1892, 
xxxix.,  533,  and  in  Penzoldt  and 
Stintzing:  "Handb.  d.  spec.  Therap.," 
1895,  ii.,  114.  According  to  the  last 
named  the  disease  has  been  exter- 
minated at  the  factory  at  Fiirth, 
where  during  1885  there  were  5,463 
da5's  of  mercurial  illness  among  the 
operatives,  in  1S90  only  148,  and  in 
1891  none. 

^  Chevallier:  Ann.  d'hyg.,  1844, 
xxxii.,  322.  Fancher:  Rev.  san. 
de  Bordeaux,  1886,  iii.,  165.  Marie 
and  Lande:  Rev.  d'hyg.,  Paris, 
1885,  vii.,  16.  Bamberger:  Deut. 
Khnik,  1850,  110.  Lancereaux: 
Gaz.  d.  hop.,    1891,   Ixiv.,  417. 

'Pleischl:  (Est.  Ztschr.  f.  prakt. 
Heilk.,  1856,  ii.,  697.  Schmitz:"Ueber 
Quecksilbervergiftung,"  Diss.,  Ber- 
lin, 1S69,  p.  22. 

'Donath:  Wien.  med.  Wchn- 
schr., 1894,  xliv.,  888.  Benjamin: 
Charity  Ann.,  1897-8,  xxiv.,  257. 
Walker:     Lancet,     1905,     ii.,     823. 
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'»  Faucher:  Rev.  san  de  Bordeaux 
1886,  iii.,  165.  Lancereaux:  Gaz.  d. 
hop.,  1891,  Ixiv.,  417. 

"  Annan:  M.  Times,  1846,  xiv., 
331 

'='  Bing:  Arch.  f.  Hyg.,  1903,  xM., 
200. 
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gam  fillings'  or  artificial  gums^  of  teeth;  from  continued  handling 
of  mercurials;^  from  the  use  of  mercurial  cosmetics/  and  from 
sojourn  in  a  respiration  apparatus  having  mercury  air  valves.'^ 

In  chronic  mercurial  poisoning  all  of  the  symptoms  observed 
in  the  acute  form  may  be  met  with  except  those  due  to  the 
primary  corrosive  action.  To  these  the  following  are  added: 
Mercurial  tremors,  severe  trembling,  first  of  the  arms  and  hands, 
afterward  of  the  muscles  of  the  legs  and  trunk;  mercurial  erethism, 
a  condition  of  hypersensitiveness,  as  well  of  the  special  senses 
as  of  general  sensation  and  of  mental  impressions,  particularly 
such  as  are  unpleasant,  and  which  may  extend  to  insomnia, 
irregularity  of  the  heart's  action,  and  great  weakness;  mercurial 
cachexia,  manifested  in  anaemia,  loss  of  teeth,  disturbance  of 
digestion,  defective  capillary  circulation,  emaciation,  and  mus- 
cular atrophy;  mercurial  necrosis  of  the  jaws,  which  follows  the 
ulcerative  processes  in  the  mouth  and  leads  to  anatomical  changes 
similar  to  those  produced  by  phosphorus;  mercurial  cirrhosis  of 
the  kidneys,  following  upon  the  parenchymatous  nephritis  ob- 
served in  acute  poisoning." 

Chronic  mercurial  poisoning  may  terminate  in  death  from 
the  kidney  lesions,  from  exhaustion,  or  from  the  secondary 
effects  of  the  intense  stomatitis;'  and  has  also  resulted  in 
insanity.^ 

ANALYTICAL. 

If  the  systematic  process  have  been  followed  \n  the  manner 
previously  directed  (pages  187-196)  any  mercury  which  may 
have  been  present  in  combination  will  be  found  in  the  residue 
V.  (page  195)  as  the  black  mercuric  sulfid,  which  remains  alone 
after  extraction  with  hot  dilute  nitric  acid.  It  must  be  remem- 
bered that,  as  has  been  shown  by  Lecco,"  even  corrosive  subli- 

'Tuthill:  Brooklyn  M.   J.,    1898,  =  Carpenter    and    Benedict:    Am. 

xu.,    725.    Homberger.     Ztschr.     f.  J.  Physiol.,  1909,  xxiv.,  187. 

prakt.  Aerzte,  1900,  ix.,  9.  "For  bibliography  of  chronic  mer- 

'  Wells:  Brit.  M.  J.,  1863,  ii.,  366.  curial  poisoning  see  Ind.  Cat.,  Libr. 

Woodman:  Med.   Press    and    Circ,  Surg.  Gen.,  U.  S.  A.,  v.,  875;  viii., 

1874,11.,    502.    Buckley:   Tr.    New  350;  xii.,  484;  xiv.,  741;  2d  Ser.,  x., 

iork  M.  Assoc,  1884-5,  i.,  126.  736-751. 

_   Martin:  Ann.  d.  stadl.  K.-H.  zu  '  See  several  cases  cited  by  Kalb: 

Miinchen,  1895,  (1897),  ix.,  45.  Op.  cit. 

lor,  S*^veleyandPedley:  Brit.  M.  J.,  »  Chapin:  Loc.  cit. 

1893,  1.,  889.  9  Berichte,      Berlin,     1886,     xix., 

1175;  Ihid.,  1891,  xxiv.,  928. 
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mate  is  readily  reduced  by  organic  substances  to  metallic  mer- 
cury, and  that  this  distils  partly  with  vapor  of  water  and  resists 
the  action  of  hydrochloric  acid  and  potassium  chlorate  obsti- 
nately. Consequently  the  metal  may  possibly  be  encountered 
in  the  distillate  obtained  in  the  search  for  volatile  poisons,  and 
the  residue  I.  (page  192)  must  be  submitted  to  a  further  prolonged 
treatment  with  hydrochloric  acid  and  chlorate  to  insure  com- 
plete extraction  of  mercury,  or,  preferably,  treated  according  to 
Ludwig's  method.  To  avoid  loss  of  mercury  by  the  volatihzation 
of  its  chlorid  not  more  than  100  to  200  gm.  of  tissue  should 
be  operated  upon  at  one  time  in  the  attack  by  hydrochloric  acid 
and  potassium  chlorate,^  the  flask  should  be  fitted  with  a  re- 
flux condenser,  and  the  precipitation  with  hydrogen  sulfid  should 
be  made  in  the  final  solution  and  washings  without  previous 
concentration  by  evaporation.^  There  is  also  danger  of  loss  of 
mercury  from  solution  of  its  sulfid  if  the  directions  given  on 
pages  192,  193  be  not  closely  followed.  If  the  treatment  with 
hydrogen  sulfid,  or  the  extraction  with  ammonium  sulfid  be 
made  in  the  cold,  a  large  fraction  or  even  the  whole  of  a  small 
quantity  of  mercuric  sulfid  may  go  into  solution,  particularly 
in  the  presence  of  large  quantities  of  arsenic  sulfid,  as  in  analyses 
of  embalmed  bodies.  A  convenient  way  to  separate  mercury 
from  notable  quantities  or  arsenic  is  bj-  modif}'ing  Schiff 
and  Tarugi's  method^  by  precipitating  first  in  alkaline  solution, 
when  mercury  is  precipitated,  but  arsenic  remains  in  solution, 
and  is  only  precipitated  later  by  acidulation.''  None  of  the 
methods  of  destruction  of  organic  matter^  other  than  that  of 
Fresenius  and  v.  Babo,  or  one  of  its  modifications,  can  be  used 
without  great  or  complete  loss  of  mercury  by  volatihzation. 
When  any  of  the  methods  below  described  is  applied  to  the  urine, 
preliminary  destruction  of  organic  matter  is  necessary." 

Quahtatively  mercuric  chlorid  or  cyanid  may,  under  favor- 
able   conditions,    be    obtained    sometimes    in    substance   from 

'  See  pp.  187,  ISS.  ^  gge  p.  193. 

^  The  loss  of  17)  per  cent,  experi-  ■■  Occasionall}'   in   this   treatment 

enced  by  Stanton   (Univ.  Penn.  M.  mercuric  sulfid  goes  down,  not  in  its 

Bull.,  1901,  xiv.,  3.30)  in  his  experi-  usual  black  form,  but  in  that  of  the 

ment  with  2,000   (!)   gm.   of  tissue  brilliant  red  vermilion, 

was  due  to  neglect  of  these  precau-  'See'pp.  189-191. 

tions,  rather  than  to  the  formation,  "  Except    in    the    Eeinsch    as    a 

as  he  suggests,  of  an  albumin  com-  clinical  or  preliminary  test. 
pound  capable  of  withstanding  the 
action  of  nascent  chlorin. 
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stomach  contents,  vomit,  etc.,  by  extracting  the  dried  material 
with  ether  in  a  Soxhiet  apparatus.^  Mercuric  chlorid  also 
passes  from  its  acid  aqueous  solution  into  ether,  if  that  solvent 
be  used  in  the  extraction  of  vegetable  poisons.^  Mayer's 
method,^  which  consists  of  heating  a  mixture  of  the  dry  residue 
(of  the  urine)  with  quick-lime  and  slacked  lime  in  a  combustion 
tube  and  condensing  the  mercury,  is  also  qualitative.  Leh- 
mann's  method^  is  a  modification  of  Mayer's.  In  this  connection 
the  detection  of  deposits  of  mercury  or  of  mercuric  sulfid  in  the 
tissues,  by  the  methods  of  Almkvist,  Eckmann,  and  Welander,  is 
also  of  interest.^  Kof  and  Haehn"  have  found  that  when  mercuric 
chlorid  is  reduced  by  stannous  chlorid  there  is  liberation  of  radi- 
ant activity,  and  have  based  a  qualitative  reaction  upon  the  effect 
produced  upon  a  photographic  plate,  which  is  said  to  have  the 
extreme  delicacy  of  0 .  000005  gm.  of  mercury.  To  what  degree 
the  reaction  is  characteristic  is,  however,  not  established. 
Other  qualitative  reactions  of  mercury  are  the  following: 
For  MEECUKOUS  compounds:  Hydrochloric  acid,  or  a  chlorid, 
produces  a  white  precipitate  of  mercurous  chlorid,  insoluble  in 
water  and  in  acids,  which  turns  black  on  addition  of  ammonium 
hydroxid.  Hydrogen  sulfid,  a  black  precipitate,  consisting  of  a 
mixture  of  mercury  and  mercuric  sulfid,  insoluble  in  alkaline 
sulfids,  in  dilute  acids,  and  in  potassium  cyanid;  partly  soluble 
in  hot  nitric  acid.  Potassium  hydroxid,  a  black  precipitate, 
insoluble  in  excess.  Potassium  iodid,  a  greenish  precipitate, 
converted  by  excess  into  mercury,  which  is  deposited,  and  mer- 
curic iodid,  which  dissolves.  For  mercuric  compounds  :  Hydro- 
gen sulfid,  a  black  precipitate.  If  the  reagent  be  slowly  added 
the  precipitate  is  at  first  white,  than  orange,  and  finally  black. 
The  final  precipitate,  which  is  mercuric  sulfid,  is  insoluble  in  nitric 
acid,  even  boiHng,'but  dissolves  readily  in  aqua  regia.  Ammo- 
nium sulfhydrate,  or  sulfid,  a  black  precipitate,  insoluble  in  excess 
if  pure.     Potassium  or  sodium  hydroxid,  a  yellow  precipitate,  in- 

'  See  p.  179.    Liversedge  (Analyst,  ^  See  p.  762. 

1908,    xxxiii.,    217)     converts     the  "Arch.  d.Pharm.,  1907,  ccxlv.,  529. 

chlorid   into    iodid,    which    is    still  '  By  prolonged  boiling   the   mer- 

more  soluble  in  ether.  curio  sulfid  may  be  in  part  oxidized 

^  See  p.  159.  to     the     nitrate,     which     dissolves: 

'Ztschr.  f.  an.  Chem.,  1878,  xvii.,  Vitali:  Pharm,  Jrbt.,  1902,  xxxvii., 

402.  688. 
.   Ztschr.  f.  physiol.  chem.,   1S82, 

VI.,  20. 


776  TOXICOLOGY WITTHAUS. 

soluble  in  excess.  Ammonium  hydroxid,  a  white  precipitate,  sol- 
uble in  great  excess,  or  in  solutions  of  ammonium  salts.  Potas- 
sium iodid,  a  yellow  precipitate,  rapidly  turning  salmon  color, 
then  red,  easily  soluble  to  a  colorless  solution  in  excess  of  the 
alkaline  iodid,  or  in  great  excess  of  the  mercuric  salt.  Stannous 
chlorid,  in  small  quantity  a  white  precipitate;  in  large  quantity 
a  gray  precipitate;  and,  when  boiled,  deposits  globules  of  metallic 
mercury.  Potassium  iodid,  followed  by  a  little  sodium  hydroxid, 
and  lastly  by  ammonium  chlorid:  a  red  precipitate.^  Diphenyl- 
carbazid  in  benzene  solution  agitated  with  a  neutral  or  faintly 
acid  solution  of  a  mercuric  salt:  a  blue-violet  color.^ 

The. special  methods  for  the  detection  and  determination  of 
mercury  depend  upon  its  precipitation  by  hydrogen  sulfid, 
as  in  the  general  method  above  described,  and  in  Riederer's 
method,^  upon  its  amalgamation  with  zinc  or  other  metal,  with 
or  without  previous  reduction  by  stannous  chlorid,  or  upon  its 
electrolytic  deposition. 

Of  the  amalgamation  methods  one  of  the  best  is  Ludwig's 
method:^  the  materials  are  heated  in  a  flask,  fitted  with  a  return 
condenser,  with  twenty  per  cent,  hydrochloric  acid  until  the 
solid  matter  is  completely  dissolved  (two  to  four  hours),  the 
heat  being  first  raised  to  boiling,  and  then  maintained  just 
below  that  point.  It  is  then  cooled  to  about  60°  and  potassium 
chlorate  added  in  portions  of  0.5  gm.  until  the  dark  fluid  re- 
mains light.  The  cooled  liquid  is  filtered,  the  filter  washed, 
the  acid  reaction  nearly  neutralized  with  soda,  and  filtrate  and 
washings  repeatedly  shaken  with  about  5  gm.  of  zinc  dust  for 
some  minutes.  The  clear  liquid,  after  deposition  of  the  zinc,  is 
decanted  off  and  the  zinc  washed  by  decantation,  first  with 
water  and  then  with  water  containing  a  few  drops  of  soda  solu- 
tion, then  again  with  pure  water,  and  is  finally  collected  in  a 
funnel  over  a  plug  of  glass  wool,  washed  with  alcohol  and  with 

•Klein's     reaction     (Berichte,  '  N.  Kept.  f.  Pharm.,  1867,  xvii., 

Bed.,  1889,  Ref.  171),  which  is  the  257;    Ztschr.    f.    an.    Chem.,    1868, 

Nessler,  reversed.  vii.,  517. 

^Cazeneuve:     C.   r.  Ac.  sc,  1900,  <'ztschr.     f.     an.     Chem.,     1878, 

cxxxi.,  346.     Tlie  reagent  must   be  xvii.,  395;  1881,  xx.,  475;  1891,  xxx., 

be   pure   and    white.      Cupric    salts  25S;     Wien.     med.     Presse,     1892, 

give   a   red-violet   color,   and   ferric  xxxiii.,   1891;    Ludwig  and  Zillner: 

salts  a  peach-flower  color.     Accord-  Wien.  k.  Wchnschr.,  1889,  ii.,  857; 

mg  to  Laqueur  (Charite  Ann.,  1902.  1890,  iii.,  504. 
xxvi.,  501)  uric  acid  and  other  uri- 
nary constituents  interfere. 
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ether,  and  dried  by  a  current  of  air.  The  mercury  is  then  sepa- 
rated from  the  zinc  by  distillation;  a  combustion  tube  open  at 
both  ends  is  bent  at  one  end  into  a  U-tube  and  charged  by 
pushing  in  an  asbestos  plug  to  near  the  U;  behind  this  is  a  layer  of 
freshly  burnt  lime  in  pieces  as  large  as  hempseeds,  then  a  second 
asbestos  plug,  then  a  layer  of  granular  cupric  oxid,  then  another 
asbestos  plug,  then  the  dry  amalgamated  zinc  dust  (which  is 
transferred  with  the  glass  wool  and  without  loss,  removing  the 
last  portions  with  unused  zinc  dust),  and  finally  another  asbestos 
plug.  The  tube  is  then  mounted  in  a  combustion  furnace,  with 
the  U  portion  projecting  and  kept  cold  by  immersion  in  water, 
and  the  other  end  connected  with  a  gasometer  or  other  contriv- 
ance from  which  a  gentle  current  of  pure,  dry  air  is  caused  to 
traverse  the  tube  in  the  direction  toward  the  U.  The  lime  and 
cupric  oxid  are  then  heated  to  redness,  after  which  the  zinc  is  more 
moderately  heated  (short  of  fusion),  and  the  heat  maintained 
for  an  hour.  The  U  portion  is  then  separated  from  the  remainder 
of  the  tube,  dried  by  a  gentle  current  of  dry  air  and  weighed. 
The  mercury  is  then  removed,  the  last  portions  by  heat  and  a 
current  of  air,  and  the  empty  tube  weighed,  The  difference  is 
the  weight  of  mercury  in  the  material  used.  Under  unfavorable 
conditions  90  per  cent,  of  the  mercury  present  is  recovered;  under 
favorable  conditions — 97.5  to  98  per  cent. 

Copper  dust  or  gauze  or  brass  wool  have  been  used  in  place 
of  zinc  dust  in  this  method,^  and  other  modifications  have  been 
followed.^ 

Other  processes  based  upon  the  deposition  of  mercury  on 
brass  or  copper  foil,  gauze  or  wire  spirals,  from  its  solutions, 
without  previous  reduction,  are  Reinsch's,^  which  is  the  best  as 
a  qualitative  clinical   test,  Buchner's,*  Almen's,^  Welander's, 

'See  Furbringer:    Ztschr.  f.   an.  1881,  xviii.,  485.     Alt:   Deut.  med. 

Chem.,    1878,    xvii.,    526;     Guntz:  Wchnschr.,  1886,  xii.,  732.    Guignes: 

Ibid.,  p.  57.     Teubner:  Ibid.,  1880,  J.  de  pharm.  et  de  chim.,  1902,  6  s., 

XIX.,      198.    Schuster    (Schridde)  ;  xiii.,  454. 

Vrtljschr.  f.  Dermat.,  1882,  ix.,  51.  ^  See  p.  599. 

Paschkis:   Ibid.,    1883,    xxii.,    295.  '  Neue  Repert.   f.  Pharm.,   1868, 

Lehmann:    Ibid.,    1882,    xxi.,     472;  xvii.,    272;    Ztschr.    f.    an.    Chem., 

1884,  xxiii.,  109;  Ztschr.  f.  physiol.  1868,  vii.,  52. 

Chem.,  1881,  vi.,  39;  1882,  vii.,  362.  =  Hygiea:    1885,  xlvii.,  142;  Vrtl- 

Wolft  u.   Nega:  Ph.   Centh.,    1886,  jschr.  f.  ger.  Med.,  1887,  3  F.,  xiv., 

n.F.,  vii.,  392;  Ztsch.  f.  an.  Chem..  413;    Ztschr.    f.    an.    Chem.,    1887, 

1889,  xxvm.,  116.    Bodzynski:/6td.,  xxvi.,  669. 

1893,  xxxii.,  302.    Eschbaum:  Deut.  ^  Ann.  de  dermat.,  1886,  vn.,  412; 

med   Wchnschr.,  1900,  xxvi.,  52.  Vrtljschr.f.ger.  Med.,  1887,  3F.,xiv., 

Schwidde:  Berl.  kl.  Wchnschr.,  415. 
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Brasse's,'  Witz's,"  Brugnatelli's,^  Merget's/  Winternitz's,' 
Bohm's,"  Kronfeld  and  Stein's,'  Jannasch's/  Hohnel's,' 
and  Marshall's." 

For  the  detection  and  determination  of  mercury  in  urine 
the  method  of  Jolles,"  or  its  modifications  by  Schumacher  and 
Jung/-  Werder/^  and  Farup,"  is  to  be  recommended.  These  de- 
pend upon  amalgamation  upon  gold,  and  consist  in  destruction 
of  organic  matter  by  hydrochloric  acid  and  potassium  chlorate, 
reduction  by  stannous  chlorid,  amalgamation  upon  finely  divided 
gold  or  gilt  platinum,  and  sublimation  of  the  mercury  from  the 
amalgam,  by  heating  in  a  suitable  tube.  Qualitatively  mercury 
is  identified  by  the  metallic,  globular  sublimate,  and  the  forma- 
tion of  the  red  mercuric  iodid  by  vapor  of  iodin.  The  quantity 
is  determined  by  the  difference  in  weight  of  the  amalgamated  and 
unamalgamated  gold. 

Electrolytic  deposit  on  upon  a  gold  cathode  is  to  be  pre- 
ferred when  small  quantities  of  mercury  are  to  be  determined 
in  toxicological  analyses.  For  this  purpose  we  have  found  Wolff's 
modification^^  of  Schneider's  method  very  serviceable.  The 
appartus  used  consists  essentially  of  a  glass  tube  (Fig.  33)  which 
contains  the  electrodes.  The  cathode,  c,  consists  of  a  bundle  of 
heavily  gilded  fine  platinum  wire,  attached  to  a  stout  platinum 
wire;  and  the  anode,  g,  of  a  spiral  of  stout  platinum  wire  to  the 
center  of  which  a  bundle  of  fine  platinum  wire  is  so  attached 
that  it  hangs  without  contact  in  the  conical  ca^'ity  of  the 
cathode.  The  liquid,  which  may  be  a  solution  of  a  mercuric  salt 
acidulated   by   nitric,   sulfuric,   or    (very  faintly)    hydrochloric 

'  C.  r.  Soc.  de  biol.,  1887,  8  s.,  iv.,  "  Centbl.  f .  d.  Harn-  u.  Sexualorg., 

297.  1900,  xi.,  251. 

;  Modified      by      Souchow      and  "  Cited  by  Swan:  Tr.  Coll.  Phys., 

Michaelowski,  cited  by  Balzer  and  1903,  3  s.,  xxv.,  77. 

Klumpke:     Rev.     de     m6d.,     IsSS,  "  Monatsh.   f.  Chem.,  1S95,  xvi., 

vui.,  303.  684;  Arch.f.exp.P.  U.P.,  1900,xliv., 

'Riformamed.,  1889,  v.,  S18,  S24.  160;    Ztschr.    f.    an.    Chem.,    1900, 

*  J.  de  pharm.  et.  de  chim.,  1889,  xxxix.,  230. 

5eme  s.,  xix.,  444.  >2  Arch,  f .  exp.  P.  u.  P.,  1899,  xlu., 

'^  Arch.  f.  exp.  P.  u.  P.,  1889,  xxv.,  138;    Ztschr.    f.    an.    Chem.,    1900, 

22.5;    Ztschr.    f.    an.    Chem.,    1SS9,  xxxix.,  12;  1902,  xh.,  461. 

xxviii.,  753.  i^  Ztschr.     f.     an.     Chem.,    1900, 

"Ztschr.  f.  physiol.   Chem.,  1891,  xxxix.,  358. 

XV.,  1.  11  Arch.  f.  exp.  P.  u.  P.,  1900,xliv., 

'Wien.     med.     Wchnschr.     ISOO,  272,     a    combination    of    Ludwig's 

xl.,  1004.  and  Schumacher  and  Jung's. 

'Ztschr.   f.   anorg.   Chem.,    1S96,  ''^  Repert.    d.   an.    Chem.,     1883, 

xii.,  143.  iii,,  114. 


MERCURY ANALYTICAL. 


779 


acid/  is  allowed  to  flow  slowly,  two  or  three  times,  from  a  stop- 
cocked  funnel  and  rubber  tube  in  at  the  opening  d  and  out  at  /. 
The  current  should  be  regulated  at 
0.03  amp.,  and  the  electrolysis  con- 
tinued four  hours.  The  cathode,  pre- 
viously weighted,  is  washed  with 
water,  alcohol,  and  ether,  dried,  and 
again  weighed.  The  mercury  may  be 
sublimed  from  the  cathode  by  heat- 
ing it  (not  too  strongly,  lest  the  gold 
volatilize)  in  a  tube  drawn  out  to  a 
fine  cahber,  through  which  passes  a 
slow  current  of  dry  air.  The  sublimate 
(or  amalgam)  may  be  converted  into 
the  red  mercuric  iodid  by  suspending 
the  tube  for  a  few  hours  in  a  bottle 
containing  a  few  crystals  of  iodin. 

Other  methods  of  electrolytic  de- 
position are  those  of  van  den  Broek,^ 
Byasson,^  Mayen^on  and  Bergeret,* 
Brasse  and  Wirth,^  and  Vitali"  by 
immersion  of  an  iron-platinum  or 
zinc-gold  couple  in  the  liquid,  and 
those  of  Schneider,'  Overbeck,^ 
Riche,"  Cathehneau, '"  Carle  and 
Boulud,''  Janecke,'^  and  Schumm,^^ 
by  the  use  of  the  battery. 

Very  small  quantities  of  mercury  are  best  determined  by 
electrolytic  deposition  upon  a  gold  cathode  as  above  described, 


Fig.  33.— Wolff- Schneider 
Apparatus  for  Separation  of 
Mercury. 


'  The  mercuric  sulfid  obtained 
iri  the  systematic  method  may  be 
dissolved  in  aqua  regia,  the  solution 
evaporated  on  the  water-bath  to 
dryness,  and  the  residue  dissolved 
in  very  dilute  hydrochloric  acid. 

^Niederl.  Lancet,  1853-4,  3  s., 
iii.,  159;  Ztschr.  f.  an.  Chem.,  1862, 
1.,  511. 

'J.  de  I'anat.  et  de  physiol.,  1872, 
viii.,  500. 

'  LyonmM.,  1873,  xii.,  82;  Ztschr. 
I.  an.  Chem.,  1874,  xii.,  103. 

'  C.  r.  See.  de  bid.,  1887,  8  s.,  iv., 
774.  >        ,       , 


"Ztschr.  f.  an.  Chem.,  1897, 
xxxvi.,  212. 

'  Sitzb.  d.  k.  k."  Akad.  d.  Wissen- 
sch.  in  Wien,  CI.  ix.,  1860,  xl.,  2139. 

8  Arch.  d.  Pharm.,  1861,  ex.,  9; 
Ztschr.  f.  an.  Chem.,  1862,  i.,  393._ 

«  Ann.  de  chim.  et  de  phys.,  18/8, 
5  s.,  xiii.,  508. 

"  Ann.  de  dermat,,  IS'.IO,  3  s., 
i.,  545. 

"  Ibid.,  1904,  4  s.,  v.,  97. 

'2  Ztschr.  f.  an.  Chem.,  1904, 
xliii.,  547. 

"/bid.,   1905,  xliv.,  73. 
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with  a  sufficiently  small  cathode,  using  the  Nemst  torsion 
balance/  which  is  sensitive  to  0.01  mgm.  with  a  load  of  1  mgm. 
But  with  the  quantities  usually  met  with  in  toxicological  analy- 
ses Rose's  method  of  weighing  as  calomel  gives  very  accurate 
results.  The  precipitated  sulfid  is  dissolved  in  aqua  regia,  the 
solution  evaporated  nearly  to  dryness,  the  residue  dissolved  in  a 
large  quantity  of  water,  and  phosphatic  acid^  added  in  excess  to 
the  cold  solution.  After  standing  in  a  cool  place  over  night  the 
precipitated  mercurous  chlorid  is  collected  on  a  weighed  hard 
filter,  washed  with  cold  water  until  the  washings  are  quite  neutral, 
dried  at  104°,  cooled  in  the  desiccator,  and  weighed.  HgjCljX 
0.8492  =  Hg.^  Various  "exhibits"  may  be  obtained  from  the 
calomel  after  it  has  been  weighed:  A  part  may  be  reduced  by 
mixing  with  dry  sodium  carbonate  and  heating  in  a  reduction 
tube,  to  a  sublimate  of  metallic  globules;  another,  after  such 
reduction,  converted  into  the  red  mercuric  iodid  by  iodin  vapor; 
another  brought  into  solution  by  aqua  regia,  and  the  metal 
deposited  upon  gold  foil,  etc. 

Quantitative  determination  of  mercury  by  weighing  as  sul- 
fid* is  not  to  be  recommended,  owing  to  the  difficulty  of  ob- 
taining it  certainly  free  from  sulfur.  Volumetric  methods, 
such  as  those  of  Scherer,'  Liebig,°  Hempel,'  Personne,*  Hannay,' 
Volhard,'"  and  Feit"  are  not  adapted  to  toxicological  analyses. 
The  "concentration"  methods  of  Bardach'^  and  Malkes,"  in 
which  the  mercuric  salt  is  carried  down  by  producing  a  coagu- 


'  Ber.,  Berlin,  1903,  xxxvi.,  1903,  «  Ann.  de  chim.,  et  de  phys.,  1853, 

2087.  3  s.,  xxxix.,  98. 

^  Made   by   exposing   phosphorus  '  Liebig's  Ann.,   1858,  cvii.,  228; 

in  thin  sticks  to  moist  air,  and  col-  1859,  ex.,  176. 

lecting  the  liquid  which  drips  from  '  J.  de  pharm.  et  de  chim.,  1863, 

them.     Kolb  and  Feldhofen  (Ztschr.  3  s.,  xliii.,  477. 

f.  angew.  Chem.,    1908,   xx.,    1977)  » J.   Chem.   Soc,  1873,  n.  s.,  xi., 

use  hydrogen  peroxid  as  a  reducing  565. 

agent.  ">  Liebig's  Ann.,  1877,  cxc,  57. 

^  Nemser's     (Ztsch.     f .     physiol.  "  Ztsch.  f .  an.  Chem.,  1889,  xxviii., 

Chem.,   1906,  xlviii.,   566)   condem-  314. 

nation  of  this  method  is  evidently  '^Ztschr.  f.  an.  Chem.,  1901,  xl., 

based  upon  an  attempt   to   use  it  534;  1902,  xli.,  232. 

without  previous    precipitation    as  '^  Chem.    Ztg.,    1900,   xxiv.,  816. 

sulfid.  Of    Stukovenkoff's    method,    pub- 

■"Fresenius:  Quant.  An.,  6te  Aufl.,  lished  in  Russian  in  1894,  and  said 

i.,    325.     Volhard:    Liebig's    Ann.,  to  be  based  upon  the  same  principal, 

1889,  cclv.,  255.  we  have  no  knowledge,  beyond  its 

'Sutton:    "Vol.  Anal.,"  6th  ed.,  condemnation  by  Bardach:  Centbl. 

p.  220.  f.  inn.  Med.,  1902,  xxiii.,  44. 
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lum  of  albumin  in  the  liquid,  are  only  serviceable  for  qualitative 
use,  as  the  removal  of  mercury  is  not  complete. 

When  mercury  is  present  as  mercuric  cyanid  special  methods 
of  analysis  are  required  by  which  both  mercury  and  cyanogen 
are  determined.  If  the  substance  under  examination  be  a 
powder,  or  other  material  free  from  organic  matter.  Rose  and 
Finkener's  method'  is  applicable:  An  aqueous  solution  is  made, 
to  which  2  gm.  of  pure  zinc  nitrate,  dissolved  in  water,  are 
added  and  then  ammonium  hydroxid.  The  liquid  is  treated 
with  hydrogen  sulfid  to  saturation,  which  produces  a  precipitate 
which  is  at  first  black,  but  finally  white.  After  standing  an 
hour  the  precipitate  is  collected  on  a  filter  and  washed  with 
very  dilute  ammonium  hydroxid.  The  precipitate,  which  con- 
tains all  of  the  mercury,  is  placed,  along  with  the  filter,  in  a 
flask  with  some  water,  about  5  per  cent,  of  potassium  hydroxid 
is  added,  and  the  liquid  treated  with  chlorin  while  warmed. 
When  solution  is  complete  the  excess  of  chlorin  is  expelled  by 
carbon  dioxid,  and  the  filtered  solution  precipitated  as  usual 
with  hydrogen  sulfid.  The  cyanogen  is  in  the  filtrate,  which 
is  treated  as  directed  on  page  819. 

For  organic  mixtures,  viscera,  etc.,  we  have  found  a  modifi- 
cation of  Vitali's  method^  very  serviceable.  The  apparatus  con- 
sists of  a  600  c.c.  flask,  supported  upon  a  sand-bath,  in  communi- 
cation on  one  hand  with  a  hydrogen  generator;  two  wash-bottles, 
one  with  lead  acetate  solution,  the  other  with  a  solution  of 
potassium  permanganate  acidulated  with  sulfuric  acid,  being 
interposed;  and  on  the  other  hand  with  a  Liebig's  condenser. 
The  lower  end  of  the  condenser  is  fitted  with  an  adapter  and 
delivery  tube  bent  downward,  and  dipping  into  about  20  c.c. 
of  a  2  per  cent,  caustic  potash  solution  in  a  flask  or  beaker. 
About  100-150  gm.  of  hashed  tissue  are  placed  in  the  flask 
with  200  c.c.  of  water.  The  apparatus  having  been  mounted 
and  filled  with  hydrogen,  a  gentle  current  of  which  is  maintained 
later,  about  100  c.c.  of  distillate  are  collected.  The  distillation 
IS  then  interrupted,  the  KHO  receiver.  A,  is  removed,  and  another 
similar  one  substituted.  To  the  contents  of  the  flask  95  c.c.  of 
water,  5  c.c.  of  a  5  per  cent,  aqueous  solution  of  tartaric  acid, 
and  about  1  gm.  of  precipitated  calcium  carbonate  are  added. 

'Fresenius:    "Quant.    An.,"     6te  ^  Orosi:  1869,  xii.,  181;  "Man.  di 

Aufl.,  i.,  496.  chim.  toss., "  Milano,   1893,  p.  169. 
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Again  100  c.c.  are  distilled  over,  the  second  KHO  receiver,  B,  is 
removed,  the  hydrogen  is  closed  off,  and  the  apparatus  is  allowed 
to  cool.  The  flask  is  disconnected,  a  strong  solution  of  hydrogen 
sulfid  in  boiled  water  is  added  to  its  contents,  in  measured 
portions  of  10  c.c,  until  a  strong  odor  of  the  gas  remains  per- 
ceptible, and  the  flask  is  corked  and  set  aside  for  about  12  hours. 
More  H2S  solution  is  added  if  its  odor  is  not  perceptible  (not 
otherwise),  and  a  volume  of  water  equal  to  the  difference  between 
100  c.c.  and  the  volume  of  HjS  solution  added.  The  flask  is 
again  connected  with  the  generator  and  condenser,  and  the  lower 
end  of  the  latter  is  made  to  deliver  (gas-tight)  into  a  small 
wash-bottle  containing  a  hydrochloric  acid  solution  of  bismuth 
trichlorid,  from  which  a  tube  dips  into  a  KHO  receiver  similar 
to  those  previously  used.  A  fairly  rapid  current  of  hydrogen 
is  now  conducted  through  the  apparatus  for  about  two  hours,  or 
until  a  piece  of  filter-paper  moistened  with  lead  acetate  solution 
is  not  darkened  when  held  at  the  'temporarily  opened  mouth 
of  the  flask.  The  bismuth  wash-bottle  is  then  removed,  the 
condenser  made  to  deliver  directly  into  the  KHO  receiver,  and 
a  third  100  c.c.  distilled,  C.  The  distillates.  A,  B,  C,  are 
examined  for  cyanogen  as  directed  on  page  819.  The  contents 
of  the  flask  are  treated  with  hydrochloric  acid  and  potassium 
chlorate,  etc.,  as  in  the  general  method  for  mineral  poisons. 

Andrews'  and  Rupp  and  Lehmann^  have  described  volu- 
metric methods  for  the  analysis  of  mercuric  cyanid,  which  we 
have  not  tried.  Barfoed's  method^  we  have  tried,  and  found  to 
be  worthless. 

ZINC. 

Poisonings  by  the  zinc  compounds  are  of  rare  occurrence, 
although  apparently  more  common  in  England  than  elsewhere. 
Of  90  cases  reported  in  medical  literature  57  were  in  Great 
Britain,  19  in  Germany,  7  in  France,  3  in  the  United  States, 
2  in  Australasia,  and  1  each  in  Belgium  and  India. 

The  form  of  combination  was  either  the  chlorid  (59  cases), 
or  sulfate  (29  cases),  except  in  one  mild  poisoning  by  the  sulfid,* 
and  another  by  the  oxid.' 

'  Chem.  News,  1903,  Ixxxviii.,  239.  'Hesse:     Dermat.   Ztschr.,  1907, 

=  Pharm.  Ztg.,  1907,  lii.,  1020.  xiv..  111. 

'Baumert:       "Lelirh.     d.     ger.  ^  Spillmann:   Rev.  m^d.  de  Test, 

Chem.,"  1889-93,  p.  222.  1883.  xv.,  147. 
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Zinc  chlorid,  ZnOla,  is  a  white,  hygroscopic  solid,  very 
soluble  in  water,  used  in  medicine  as  a  caustic.  It  has  caused 
death  in  three  instances  when  so  applied  to  wounded  surfaces.^ 
Most  of  the  poisonings  by  this  agent  have  been  accidental  or 
suicidal  (of  59  cases  43  were  accidental  and  10  suicidal).  In  4  in- 
stances "soldering  liquid,"  made  by  adding  zinc  to  hydrochloric 
acid,  was  swallowed.  In  32  cases  some  form  of  disinfecting 
fluid  containing  the  chlorid  was  taken:  Burnett's  solution  (205 
to  230  gr.  per  ounce)  in  27  cases.  Crew's  in  2,  and  Morell's  in 
1.  A  child  died  in  12  hours  from  injection  of  a  fifty-per-cent. 
solution  into  the  rectum  in  mistake  for  glycerol.^  In  a  Scotch 
case  a  woman  was  tried  for  the  murder  of  her  child  by  admin- 
istration of  a  solution  of  zinc  chlorid,^  and  in  an  English  case 
it  is  probable  that  a  similar  administration  by  a  woman  to  her 
child  was  intentional  rather  than  accidental.*  One  fatal  case  re- 
sulted from  its  application  to  a  cancer  of  the  lip  by  a  quack. ^ 
A  non-fatal  poisoning  by  Burnett's  solution,  sold  in  mistake  for 
fluid  magnesia,  was  the  subject  of  a  suit  for  damages  in  England 
in  1858."  Karewski'  reported  the  case  of  a  woman  suicide  who 
died  on  the  ninth  day  after  a  jejunostomy  performed  for  the  relief 
of  secondary  lesions  caused  by  a  fifty-per-cent.  solution  of  zinc 
chlorid,  swallowed  five  weeks  previously;  and  Selenikow^  the  case 
of  a  child  of  7  years  upon  whom  pyloroplasty  was  successfully 
performed  one  month  after  corrosion  by  zinc  chlorid. 

Zinc  sulfate,  ZnS04,  7Aq. — white  vitriol — is  a  white,  crys- 
talline solid,  very  soluble  in  water,  sparingly  soluble  in  dilute 
alcohol.  Its  solutions  have  an  acid  reaction  and  a  strong  styptic 
taste.  It  is  very  extensively  used  in  medicine  both  externally 
as  an  astringent,  and  internally  as  an  emetic. 

In  9  of  the  29  poisonings  by  zinc  sulfate  of  which  we  find 
record,  it  was  swallowed  accidentally  in  mistake  for  Epsom  salts 
(magnesium  sulfate)  which  it  closely  resembles  in  appearance. 
In  8  instances  it  was  taken  with  suicidal  intent,  and  once  to 

'Stimson:    Med.     News,    Phila.,  *  Letheby:  Lancet,   1850,  ii.,   23, 

1883,   xlii.,    572.     Mchols:    Boston  and  Stratton:     Loc.  cit. 

M.  and  S.  Jour.,   1886,   cxv.,   343.  =  Nichols:    Bost.    M.    and    S.    J., 

Buttersaek:    Mntshft.    f.    Geb.    u.  1886,  cxv.,  343. 

l^yn.,  1909,  xxix.,  11.  «  Richards  v.  Cooking:  Ph.  J.  and 

Matzdorff:  Vrtljschr.f.ger.Med.,  Tr.,  1858-59,  xviii.,  139. 

1910,  3  F.,  xxxix.,  55.  '  Berl.  kl.  Wchnschr.,  1896,  xxxiii., 

Case  of  Mary  Robinson  (1849);  1112. 

htratton:    Edinb.  M.  and  S.  Jour.,  « Deut.    med.    Wchnschr.,     1893, 

1854,  Ixxxi.,  497.  xxix.,   1239. 
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produce  abortion.  In  one  mass  poisoning  60  convicts  were  more 
or  less  severely,  though  not  fatally,  poisoned  by  zinc  sulfate 
added  to  milk,  probably  as  a  joke.  The  salt  was  used  in  the 
prison  in  quantities  in  gilding  picture  frames.^  In  one  case  a 
horse  lotion  was  swallowed  by  a  man  by  mistake.  Four  sup- 
posed homicidal  cases  are  reported:  2  German,^  1  French,^  and 
1  English,*  the  victims  having  all  been  adults. 

Lethal  Dose. — The  smallest  quantity  of  the  chlorid  known 
to  have  caused  the  death  of  an  adult  was  about  3.5  gm.  (55 
gr.)  taken  in  the  form  of  two  drachms  of  Burnett's  solution.^ 
A  woman  of  40  years  died  from  the  secondary  effects  of  a  quan- 
tity of  Burnett's  fluid  containing  about  100  gr.  (6.5  gm.)f  and 
a  man  of  55  similarly  from  two  tablespoonfuls  (about  14  gm. 
ZnCl,)  of  the  same  hquid.''  A  child  of  2  years  died  in  26 J  hours 
from  the  effects  of  a  teaspoonful  of  a  fifty-per-cent.  solution.*  On 
the  other  hand,  a  man  of  54  years  took  a  wineglassful  of  a  solu- 
tion said  to  have  contained  88  gr.  of  zinc  chlorid  to  the  fluid- 
drachm  (  =  about  90  gm.);°  and  in  another  case'"  three  ounces 
of  Burnett's  solution  (about  43  gm.  ZnClj)  were  swallowed  by 
a  man  without  causing  his  death. 

The  smallest  reported  lethal  dose  of  the  sulfate  was  15.5 
gm.  (^  ounce),  which  quantity,  taken  in  solution,  caused  the 
death  of  a  man  of  52  years.''  But  a  woman  of  35  years  took 
46  gm.  (IJ  ounces)  in  mistake  for  Epsom  salt,  and,  although 
she  did  not  vomit  for  a  quarter  of  an  hour  or  purge  for  half  an 
hour,  ultimately  recovered.'^  In  Hofmeier's  case  a  woman  died 
in  12  hours  from  an  intrauterine  injection  of  2  c.c.  of  a  fifty-per- 
cent, solution  (1  gm.  =15.4  gr.  ZnCl,).'^ 

Prognosis. — So  far  as  can  be  judged  from  the  statistics  the 
chlorid  is  fatal  in  a  larger  percentage  of  cases  than  the  sulfate: 
65.8  per  cent,  of  the  former  to  fifty  per  cent,  of  the  latter. 

'  Lutier:    Gaz.    d.  hop.,    1877,  1.,  'Ph.  J.  and  Tr.,  1867,  n.  s.,  viii., 

076.  420. 

2  Niemann:     Ztschr.     f.     Staats-  « Seydel:   Vrtljschr.  f.  ger.  Med., 

arznk.,    1859,    Ixxvii.,    219.       Wer-  1896,  3  F.,  xi.,  286. 

res:  Ibid.,  1832,  xxii.,  169,  313.  »  Stratton:  Edinb.  M.  and  S.  J., 

^  J.  d.  chim.  m^d.,    etc.,   1845,    3  1848,  Ixx.,  335. 

s.,  i.,  528.  i»  Hassall:  Lancet,  1853,  ii.,  159. 

'  Herapath:  Ph.  J.  and  Tr.,  1865,  "  Marsh:    Med.   Times  and  Gaz., 

n.  s.,  vii.,  13.  1862,  ii.,  252. 

'Cousins:  Med.  Times  and  Gaz.,  'MVoodman  and  Tidy:  "Forens. 

1862,  ii.,  404.  Med.,"  p.  226,  Case  XXIII. 

«  Markham:  Tr.  Path.  See.,  Lon-  '=Mntshft.  f.  Geb.  u.  Gyn.,  1896. 

don,  1858-59,  i.,  164.  iv.,  301 
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Duration. — When  death  is  due  to  the  primary  shock  and 
collapse  caused  by  the  chlorid,  particularly  when  it  contains  ex- 
cess of  acid,  it  may  occur  within  a  few  hours.  Thus  a  woman 
of  52  years  died  in  about  two  hours  from  the  effects  of  Bur- 
nett's solution/  and  a  man  of  62  years  in  four  and  a  half  hours 
after  having  swallowed  two  ounces  of  "soldering  fluid."- 

On  the  other  hand,  the  primary  effects  may  be  recovered  from 
and  the  patient  may  die  weelis  or  months  afterward  from  inani- 
tion or  perforation.  Deaths  in  eleven,^  twelve,**  and  fourteen'' 
weeks,  and  in  three  to  four^  and  over  six'  months  are  reported. 

In  the  few  fatal  cases  of  poisoning  by  the  sulfate  in  which 
the  duration  is  reported  death  has  occurred  in  five  days  or  less,  if 
we  except  Herapath's  case*  in  which  it  is  supposed  that  the 
homicide  was  committed  by  repeated  administrations  of  sulfates 
of  zinc  and  iron.  The  shortest  duration  was  in  a  man  of  50 
years  who  died  in  two  hours  after  having  taken  about  125  gm. 
(four  ounces)  of  a  mixture  of  sulfates  of  zinc  and  magnesium 
containing  about  seventy-five  per  cent,  of  the  former.' 

Symptoms. — Chlorid. — The  action  of  this  salt  is  essen- 
tially that  of  a  corrosive.  Consequently  its  effects  are  rarely 
.delayed.  Its  styptic  taste  is  experienced  during  the  act  of  swal- 
lowing and  is  accompanied  by  a  burning  sensation  in  the  mouth, 
throat,  and  stomach  which  increases  in  severity  and  extends  in 
area,  and  is  aggravated  by  pressure.  Vomiting  usually  follows 
within  a  few  minutes,  particularly  if  the  stomach  contain  food; 
in  other  cases  it  must  be  provoked  by  other  means.  Sometimes 
the  lips  and  tongue  are  cauterized,  most  frequently  not.  There 
is  severe  thirst,  and  the  voice  is  husky  or  extinguished.  The 
countenance  is  pale,  the  expression  anxious,  and  the  forehead 
bathed  in  perspiration.  Later  there  is  purging,  and  in  some 
cases  the  vomit  and  stools  are  tinged  with  blood.  In  rapidly 
fatal  cases  the  prostration  is  great,  and  the  patient  soon  becomes 
collapsed  and  dies.     In  more  prolonged  cases  there  is  a  more  or 

,„'Brunton:    Glasgow    M.     Jour.,  «Habershon:    M.    T,    and    Gaz., 

2  nJA.^  ?;'•"•', Ft-  .-_  1859,  ii.,_ 525. 

820, 


Crosse:  Brit.M.  Jour.,  1883,  ii.,  'Ph.  J.  and  Tr.,  1867,  n.  s.,  viii., 


420. 


Jalland:  Brit.  M.  Jour.,  1887,  i.,  '  Ibid.,  1865,  n.  s.,  vii.,  13. 

^•^J;-  »  Buchner:  Friedreich's  Bl.  f.  ger. 

Markham :  Loc.  cit.  Med.,  1882,  xxxiii.,  255. 

Wilks:  Guy's  Hosp.  Kept.,  1859, 
3  s.,  v.,  128.  f        f   ,  , 

IV.-50 


786  TOXICOLOGY — WITTHAUS. 

less  complete  remission  of  all  symptoms,  and  the  patient  may 
not  come  under  medical  observation  until  after  the  primary 
effects  have  disappeared  and  the  secondary  stage  is  estabhshed. 
This  usually  begins  rather  suddenly  with  a  recurrence  of  the 
pain  and  vomiting,  which  in  some  cases  continue  obstinately  for 
several  days,  while  the  victim  becomes  more  and  more  emaciated 
and  finally  dies  of  exhaustion;'  or  large  quantities  of  altered 
blood  may  be  passed  per  anum  and  vomited,  and  the  patient  die 
in  a  few  hours  from  syncope.^ 

In  a  fatal  case  from  external  application  death  was  due  to 
profound  shock,  and  occurred  in  eight  and  a  half  hours,  and  the 
condition  resembled  that  of  narcotic  poisoning.^  In  another 
instance  there  was  also  narcosis,  accompanied  by  vomiting. 
The  patient  died  in  six  days,  and  the  autopsy  showed  the  ex- 
istence of  nephritis.'' 

In  non-fatal  cases  recover}'  is  slow  and  sharp  relapses  fre- 
quently occur. 

Sulfate. — This  salt  does  not  act  as  a  corrosive,  but  as  an 
irritant.  The  styptic  taste  is  observed  on  swallowing  the 
poison,  and  is  soon  followed  by  persistent  vomiting,  pain  in  the 
mouth,  throat,  and  stomach,  salivation,  and  diarrhoea.  At  first, 
the  pulse  is  accelerated,  afterward  it  and  the  respiration  become 
slower,  there  are  attacks  of  vertigo  and  syncope,  with  cramps  in 
the  legs,  convulsions,  and  death  in  collapse. 

Treatment. — Until  the  siphon  is  obtainable  vomiting  should 
be  favored  by  draughts  of  lukewarm  water  and  tickling  the 
fauces.  Emetics  should  not  be  given.  The  stomach  should  be 
thoroughlj'  washed  out  with  water  containing  an  alkaline  car- 
bonate in  solution.  In  an  emergency  milk,  white  of  egg,  and 
materials  containing  tannin  are  beneficial  by  formation  of  zinc 
albuminate  or  tannate,  but  their  use  should  be  followed  by  that 
of  the  siphon.  In  the  later  treatment  ice  fragments  may  be  given 
to  control  persistent  vomiting,  opium  to  allay  pain  and  arrest 
diarrhoea,  and  stimulants  to  combat  collapse.  When  the  chlorid 
has  been  ttiken  rectal  alimentation  may  prolong  life  somewhat. 

Post-mortem   Appearances.— We   find   in    medical  litera- 

•Finlay:    Brit.    M.    J.,    1S89,    ii.,  ^  Nichols:  Boston  M.  and  S.  Jour., 

15.     Jalland:   Ibid.,    LSS7,   i.,    1387.       1886,  cxv.,  343. 

'  Willis:   Assoc.    M.   J.,    1855,   ii.,  *  Stimson:  M.  News,  Phila.,  1883, 

743.     Wilks:    Loc.  cit.  xlii.,  572.     See  also  Matzdorff:  Loc. 

cil. 
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ture  reports  of  16  autopsies  after  death  from  zinc  compounds 
taken  internally.  In  11  the  chlorid  was  the  cause  of  death  and 
in  5  the  sulfate.  In  4  of  the  deaths  from  the  chlorid  death  oc- 
curred within  twenty-four  hours.  The  mucous  membrane  of 
the  mouth,  fauces,  and  oesophagus  is  deprived  of  epithelium, 
white,  opaque,  and  swollen.  The  mucous  membrane  of  the 
stomach  is  softened  and  disintegrated,  at  the  cardia  and  greater 
curvature  particularly,  and  toughened  and  greatly  corrugated 
toward  the  pylorus.  Its  color  varies  from  ashen  gray  to  purple 
and  blackish.  The  vessels  are  gorged  with  blood,  the  smaller 
capillaries  as  well  as  the  larger  vessels.  There  may  or  may  not 
be  ulcers  or  eschars.  The  contents  consist  largely  of  blood  in 
some  cases,  in  others  the  stomach  is  found  empty  or  nearly  so. 
The  small  intestine,  particularly  in  its  upper  part,  is  congested 
and  inflamed,  and  has  been  found  thinned  and  eroded. 

In  one  case  of  death  from  the  effect  of  one  and  a  half  ounces 
of  Burnett's  solution  the  body,  notwithstanding  the  high  tem- 
perature of  the  weather  at  the  time,  showed  no  signs  of  putre- 
faction after  forty-eight  hours.'  We  do  not  believe,  however, 
that  this  condition  can  be  properly  ascribed  to  the  preservative 
action  of  the  small  quantity  of  zinc  salt  present. 

In  one  instance  in  which  death  occurred  in  eleven  days,  from 
sudden  and  copious  hemorrhage,  the  stomach  was  so  disorgan- 
ized that  the  pyloric  end  was  torn  asunder  in  the  attempt  to  re- 
move the  organ.  ^ 

When  longer  periods  have  elapsed  before  death,  still  more 
marked  gastric  lesions  have  been  observed.  The  stomach  has 
been  found  ulcerated  and  perforated,  and  in  two  instances  the 
organ  has  been  found  replaced  by  a  cavity  made  up  of  adhesions 
between  surrounding  organs.'  In  one  instance  the  immediate 
cause  of  death  was  found  in  a  constriction  of  the  pylorus;*  and 
in  another  fatty  degeneration  of  various  organs  was  observed.'^ 

The  observations  of  appearances  after  death  from  zinc  sul- 
fate are  neither  sufficiently  numerous  nor  sufficiently  detailed 
to  show  more  than  that  an  inflamed  condition  of  the  gastro- 


'  Crossing:  Lancet,  1864,  ii.,  267.  *  Markham:  Tr.  Path.  Soc,  Lon- 

Wilhs:    Assoc.    M.    Jour.,    Lon-  don,  1858-59,  i.,  164. 

don,  1855,  ii.,  743.  =TuckweIl:   Brit.  M.  Jour.,  1874, 

'Wilks:  Loc.  cit.     Jalland:   Brit.  ii.,  279. 
M.  Jour.,  1887,  i.,  1387. 


788  TOXICOLOGY — WITTHAUS. 

enteric  tract  and  fatty  degeneration  of  the  liver  may  be  looked 
for.' 

Analysis. — In  the  systematic  process  of  analysis  for  min- 
eral poisons  any  zinc  present  will  be  found  in  the  Hquid  Vlaa 
(see  page  196). 

The  TESTS  of  zinc  are :  1  Potassium,  sodium,  or  ammonium 
hydroxid — a  white  precipitate,  soluble  in  excess;  2.  Hydrogen 
sulfid — a  white  precipitate  in  neutral  solutions.  In  the  presence 
of  mineral  acids  the  formation  of  this  precipitate  is  prevented 
except  sodium  acetate  be  also  present;  3.  Ammonium  sulfid — a 
white  precipitate,  insoluble  in  excess  or  in  sodium  or  ammonium 
hydroxid  solutions  or  in  acetic  acid,  but  soluble  in  dilute  mineral 
acids;  4.  Ammonium  carbonate,  a  white  precipitate,  soluble  in 
excess;  5.  Disodic  phosphate,  a  white  precipitate,  soluble  in  acids 
or  alkalies.  Not  formed  in  presence  of  ammoniacal  salts;  6. 
Potassium  ferrocyanid,  a  white  precipitate,  insoluble  in  hydro- 
chloric acid. 

Zinc  may  be  present  in  human  remains  in  small  amount  as  a 
consequence  of  the  use  of  food  which  has  been  in  contact  with 
zinc  or  "galvanized  iron"  vessels;  or  it  may  be  introduced  post- 
mortem as  a  constitutent  of  a  disinfectant  or  embalming  solution. 
In  an  instance  reported  by  Mason  is  was  shown  that  even  after 
an  application  of  a  zinc-arsenic  embalming  liquid  limited  to  the 
exterior  of  the  cadaver,  both  poisons  are  found  in  the  internal 
organs.^ 

The  observations  of  Mazkewitz  concerning  the  distribution 
of  zinc  after  hypodermic  injection  of  the  acetate,  as  quoted  by 
Robert,^  have  led  to  results  which,  in  view  of  their  departure 
from  that  which  is  known  concerning  other  metallic  poisons, 
require  confirmation. 

'  See  Jones:  Lancet,  1850,  i.,  342.      Buchner:    Friedreich's    Bl.    f.    ger. 
Niemann:    Ztschr.    f.    Staatsarznk.,       Med.,  etc.,  1882,  xxxiii.,  255. 
1859,  Ixxviii.,  219,  220.     Marsh:  M.  ^  j^^   ^f  ^^^^1.  and  Appl.  Chem., 

Times    and    Gaz.,    1862,    ii.,    252.      1893,  xv.,  No.  6  (reprint). 

'  "  Intoxikationen,  "  p.  283. 


VEGETABLE  POISONS. 

ACIDS. 
ACIDS  OF  THE  ACETIC  SERIES 

Formic  acid,  HCOOH — occurs  in  vegetable  nature  in  the 
sting  of  the  nettle  and  in  the  leaves  of  trees  of  the  pine  family; 
more  abundantly  in  the  acid  secretions  of  red  ants  and  in  the 
stinging  hairs  of  certain  insects,  and,  probably  accompanied  by 
a  more  actively  poisonous  toxalbumin,  in  the  secretion  of  the 
stinging  glands  of  bees,  wasps,  etc.  Formic  acid,  accompanied 
by  higher  acids  of  the  same  series,  is  also  a  product  of  the 
human  economy,^  and,  according  to  the  experiments  of  Pel- 
lacani,^  the  formates  produce  in  the  animal  economy  symptoms 
of  paralysis  and  sopor  similar  to  those  observed  in  certain 
autointoxications. 

We  know  of  but  one  instance  in  which  formic  acid  has  been  of 
forensic  interest:  that  of  a  child  of  two  days,  whose  death  was 
due  to  natural  causes,  but  upon  whose  cadaver  were  marks  simi- 
lar to  those  which  might  have  been  produced  by  a  mineral  acid, 
but  which  it  was  claimed  were  caused  post  mortem  by  ants.^ 

Acetic  acid,  CH3.  COOH — is  the  acid  of  vinegar  and  is 
prepared  in  a  more  concentrated  form  by  the  destruction  distil- 
lation of  wood,  and  purification  of  the  crude  pyroligneous  acid. 
The  pure  acid,  known  as  glacial  acetic  acid,  is  a  colorless,  highly 
acid  liquid  which  crystallizes  at  17°  (62.6°  F.)  and  boils  at 
119°  (246.2°  F.). 

Acetic  acid  intoxication  has  been  rarely  mentioned  in  toxi- 
cological  literature.  Stoenesco,*  however,  states  that  in  the 
city  of  Bucharest,  in  the  years  of  1891-93,  acetic  acid  caused 
more  deaths  than  any  other  poison,  18  out  of  85;  and  Bleibtreu^ 

'v.    Jaksch:    Ztsch.    f.    physiol.  sion   of   the   Harbaum   case,   of   al- 

1^^  1886,  X.,  536.  leged  murder  by  sulfuric  acid,  ibid., 

Therap.  mod.,"  1890,  i.,  65.  1882,  xxvi.,  211. 

,,   V.   Maschka:    Vrtlisohr.    f.    ger.  *  Ann.  d'hyg.,  1904,  4  s.,  i.,  525. 

Med.,    1881,    n.    F.,    xxxiv.,     193.  =  Munch,   med.   Wchnschr.,  1908, 

ihis  case  was  quoted  in  the  discus-  Iv.,  1987. 

789 


790  TOXICOLOGY — WITTHAUS. 

states  that  in  Munich  during  the  years  1889-1904  there  occurred 
230  cases  of  poisoning  by  "  essigessenz, "  of  whiclr  132  were  fatal. 
Schuchardt'  refers  to  six  cases  mentioned  in  the  literature, 
including  two  caused  by  the  injection  of  Liquor  Villati  into 
purulent  wounds.^  Of  the  four  cases  of  internal  administration 
but  three  are  particularly  referred  to.^  The  first  of  these  is 
that  of  a  woman  of  nineteen  years  who  died  in  convulsions  in 
a  short  time  after  having  been  found  suffering  in  the  street.  At 
the  autopsy  no  alterations  were  observed  about  the  mouth  and 
lips,  although  they  were  covered  with  a  frothy,  partly  dried, 
brownish  liquid.  The  stomach  was  distended,  violet  externally, 
almost  black  toward  the  pylorus;  its  mucous  membrane  not 
destroyed,  grayish-white  toward  the  cardia,  brown  to  black 
toward  the  pylorus;  and  contained  about  eight  ounces  of  a 
brown-black,  slimy,  fcetid  liquid  which  yielded  acetic  acid  on 
distillation.  In  Melion's  case  a  teaspoonful  of  radical  vinegar 
(glacial  acetic  acid)  caused  severe  poisoning.  In  Birkett's  case 
two  to  three  ounces  (60-90  c.c.)  of  a  33  per  cent,  acid,  immedi- 
ately caused  acute  laryngitis  in  a  drunken  man  of  forty  years, 
who  was  rescued  by  tracheotomy  and  artificial  respiration. 
David*  reported  the  case  of  a  woman  who  suffered  severely 
from  the  effects  of  a  quart  of  common  vinegar  swallowed  with 
suicidal  intent.  A  man  of  thirty-six  years  suffered  instant  and 
excruciating  pain  and  great  sickness  from  swallowing  a  tea- 
spoonful  of  aromatic  vinegar.^  A  case  reported  by  Bojasinski 
is  probably  the  one  referred  to  by  Kobert,  although  we  have 
not  access  to  the  publication."  One  of  the  earUest  pyloro- 
plasty operations  for  stenosis  caused  by  corrosives  was  made 
upon  a  girl  of  20  years  who,  when  a  child,  had  swallowed  a  large 
quantity  of  vinegar.'  The  death  of  an  epileptic  was  caused  by 
a    sponge    saturated    with    "essigessenz"    being    held   to   his 


'v.    Maschka:     "Handb.    d.    ger.  Heilk.,  1845,  i.,  86.  Birkett:  Lancet, 

Med.,"  ii.,  112.                               "  1867,  ii.,  98. 

2  Heine:    Virch.  Arch.,  1867,  xli.,  *  Brit.  Am.  J.  M.  Sc,  Sept.,  1847. 

24.   The  liquor  of  Villati  contains  30  '  London  M.  Times,  1865,  ii.,  471. 

parts  lead  subacetate,  15  parts  each  A     solution    of     essential    oils    in 

of  zinc  sulfate  and  cupric  sulfate  in  highly  concentrated  acetic  acid. 

200    parts    of    vinegar.     See    also :  °  Medycyna,      Warszawa,     1892, 

Franz:  Friedreich's  Bl.  f.  ger.  Med.,  xx.,    302;    Kobert:     " Intoxikatio- 

1909,  Ix.,  401;  1910,  Ixii.,  35.  nen,"  221. 
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mouth  during  an  attack.'  Since  1895  we  find  recoi-d  of  22  cases, 
all  by  swallowing  "  essigessenz "  or  its  equivalent;  15  were 
fatal;  16  accidental,  and  4  suicidal.  Eight  occurred  in  Ger- 
many,^ 11  in  England,^  and  one  each  in  Belgium,''  Switzerland,'^ 
and  Italy." 

The  third  to  tenth  acids  of  this  series,  propionic,  butyric, 
valerianic,  caproic,  cenanthylic,  caprylic,  pelargonic,  and  capric, 
are  volatile  products  of  the  decomposition  of  butter  and  other 
fats  and  oils,  and  probably  have  actions  upon  the  economy 
similar  to  those  of  acetic  and  formic  acids.  The  number  of 
isomers  increases  from  two  of  butyric  acid,  four  of  valerianic, 
eight  of  capric,  etc. 

A  derivative  of  butyric  acid,  p-oxybutyric  acid,  CH3,CH(H0).- 
CHj.COOH,  has  been  shown  to  be  produced  in  the  human 
economy  in  diabetes,  and  is  considered  as  a  causative  agent  of 
diabetic  coma.' 

HYDROCYANIC  ACID,  AND  OTHER  CYANIC  POISONS. 

As  the  various  cyanic  poisons — hydrocyanic  acid,  the  cyanids, 
impure  oil  of  bitter  almonds,  cherry-laurel  water,  etc.,  all  owe 
their  poisonous  qualities  to  the  presence  in  them  or  liberation 
from  them  of  hydrcfcyanic  acid,  their  action  is  practically  the 
same  in  kind,  and  differs  in  intensity  and  rapidity  according  to 
the  quantity  of  the  acid  present;  being  to  some  extent  modified 
with  some,  such  as  potassium  and  mercuric  cyanids,  by  the 
action  of  the  material  with  which  the  cyanic  radical  is  combined. 

Hydrocyanic  acid,  prussic  acid,  azomethane,  CNH,  ap- 
pears to  exist  preformed  in  the  juice  of  the  cassava  (Manihot 

'  Hofmann  "Lehrb.  d.  ger.  Med.,"  Pharm.  J.,  1908,  4  s.,  xxvii.,  221,  F. 

9te  Aufl.,  690.  ad.   A.  D.     Pharm.  J.,    1895-1906, 

'Stumpf:    Munch,    med.    Wchn-  passim,  nine  fatal  cases, 

schr.,  1898,  xlv.,  690;  M.  32,  A.  D.  3  *  Boddaert:   Ann.    Soc.    m^d.    de 

days.    Schafferi  Aerztl.  Sachv.  Ztg.,  Gand,  1896,  Ixxv.,  222;  M.  45,  A.  R. 

1902,  viii.,  215,  254,  S.  D.    Cursch-  ^Hitzig:    Corr.-Bl.    f.    Schweiz. 

mann:    Ibid.,    p.    218,    two    cases,  Aerzte,  1896,  xxvi.,  669,  M.  ad.  A.  R. 

A.   R.    Bleibtreu:  Ibid.,   1908,   Iv.,  «  Vincenzo:  Rif.  med.,  1904,  xx., 

1987;  three  cases:  (1)  F.  40,  S.  R.;  89;  F.  19,  S.  R. 

(2)F.40,  S.  R.;  (3)  F.  65,  ?  D.  24  'Stadelmann:     Arch.     f.     exper. 

hours.    Romeick:   Ztschr.    f.  Med.-  Path.     u.    Ph.,     1883,     xvii.,     441. 

Beamte,  1907,  xx.,  505;  M.  2,  A.  D.  Minkowski:   Ibid.,    1884,   xviii.,   35, 

12hpurs.  147.     Kulz:     Ibid.,      1S84,      xviii., 

istewart:  Lancet,  1905,  ii.,  1107;  291. 
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utilissima),  the  root  from  which  "Brazilian  arrowroot"  and 
tapioca  are  obtained,  which,  according  to  Francis,'  contains  an 
average  of  0.0168  per  cent,  in  the  "sweet"  variety,  and  0.0275 
per  cent,  in  the  "bitter."  Most  vegetable  substances  which 
yield  hydrocyanic  acid  do  not  contain  the  acid  as  such,  but  con- 
tain a  glucosid,  usually  amygdalin,  having  the  composition 
C20H27NO11,  which,  under  the  influence  of  emulsin  (an  enzyme 
which  they  also  contain)  in  the  presence  of  moisture  and  a  slightly 
elevated  temperature,  is  decomposed  into  glucose  (CgHjjOj),  ben- 
zoic aldehyde  (CeH5,C0H),  and  hydrocyanic  acid;  100  parts  of 
amygdalin  yielding  5.909  of  prussic  acid.  Amygdalin  exists  in 
the  bitter  almond,  the  kernels  of  peach,  apricot,  cherry,  plum, 
apple  and  pear  pits,  and  in  the  bark,  leaves,  flowers,  and  fruit  of 
the  cherry-laurel,  and  of  certain  other  plants,  notably  in  those  of 
the  genera  Primus,  Cerasiis,  Sorbus,  and  Spirwa.'  Forty  to  sixty 
bitter  almonds  yield  0.05  to  0.07  gm.  (f  to  1  grain)  of  hydro- 
cyanic acid.'  Decomposition  of  amygdalin,  with  liberation  of  hy- 
drocyanic acid,  occurs  in  the  intestine  under  the  influence  of  the 
digestive  enzymes.*  When  either  amygdahn  or  emulsin  is 
injected  into  the  circulation  there  is  no  formation  of  hydrocyanic 
acid,  but  there  is  when  the  two  substances  are  introduced  in 
succession.'" 

Several    cyanogenous  glucosids   other  than  amygdalin  are 
known:   Phaseolunatin,^  CioH^jNOe,  which  exists  in  Phaseolus 

'  Analyst,    London,    1877,    ii.,    4.  1857,    p.    97.    Grfhant:    Arch,    de 

See    also:    Decorcis:    These,    Mont-  physiol.  norm,  et  path.,  1890,  xxii., 

pelHer,    1879.     Peckolt:   Ph.  Rund-  133.     Hildebrandt:     Virch.     Arch., 

schau,  1886,  iv.,  227.     v.  Romburgh:  1893,  cxxxi.,  5. 
Ann.    Jard.    Buit.,    1899,    xxi.,    1.  "Forrest:   Glasgow   M.   J.,    1882, 

Godfrey:  Br.  Guiana  M.  Ann.,  1897,  xviii.,    68,    a    case,    rec.     Soltsien: 

p.  xlix.  Arch.  f.  pharm.,   1883,  3  R.,  xxii., 

^  See      Husemann      and      Hilger:  68,  a    case,    death.     Davidson   and 

"Pflanzenstoffe,"    2te    Aufl,,    1017.  Stevenson:    Practitioner,    1884, 

Also:   Gresshoff  (abst.):  Ph.  Jahrb.,  xxxii.,  436,  several  cases,  one  death. 

1890,     14,     1891,     13.     Thummell:  Guignard:   J.   de  botan.,   1890,  iii., 

Apoth.  Ztg.,   1889,  518.     Davidson  21;  C.  r.  Ac.  sc,  1906,  cxlii.,  545; 

and    Stevenson:    Practit.,    London,  1907,    cxlv.,    1112.      v.  Romburgh: 

1884,  xxxii.,  435.    Loesecke:  Leipz.  Ann.    Jard.    Buit.,    1899,   2    s.,  i., 

Apoth.    Ztg.,    1871,    157.     Jorissen  2.     Bonam^:  Rap.  ann.  s.  la  stat. 

and   Hairs:   Rep.   d.  Pharm.,    1891,  agron.     de     Maurice,     1900,    94. 

416.     Senior:   Ph.   Ztg.,  1885,  xxx.,  Dunstan    and    Henry:    Proc.    Roy. 

779.     Bettinck:  Ph.  Ztg.,  1892,  135.  Soc,    B.,    1903,    Lxxii.,   285;    1906, 

'  See  also  Apoth.  Ztg.,  1890,  607.  Ixxviii.,    153;    Chem.    News,    1904, 

■•  Morrigia  and  Ossi:  Jbt.  u.Thier-  Ixxxviii.,    15.    Kohn-Abrest:    Ann. 

chem.,  1876,  vi.,  81.      Gerard:   C.  r.  d'hyg.,  1906,  4  s.,  vi.,  409.    Daviron: 

Soc.  de  biol.,  1896,  2  s.,  ii.,  44.  Arch,   de  m^d.   et  de  pharm.  mil., 

'Bernard:   "Subs.  tox.  et  m^d.,"  1906,  xlviii.,  388.     Arragon:  Ztschr. 
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lunatus,  the  "Java  bean,"  or  "pois  d'Arch6ry,"  closely  related  to 
our  "lima  bean,"  which  is  used  as  food  in  Africa  and  Asia,  is 
imported  thence  into  Europe,  and  has  caused  a  number  of  poison- 
ings; LotUSSin/  CjjHisNOio,  which  exists  in  Lotus  arabicus, 
used  in  Egypt  as  a  fodder;  Dhurrin,^  C14H17NO7,  in  Sorghum 
vdgare,  millet,  used  as  a  fodder  in  this  country;  Linamarin,^  from 
the  seeds  of  Linum  usitatissimum,  flaxseed;  Sambunigrin,''  from 
Bamhucus  nigra,  elder;  Gynocardin,^  from  Gynocardia  odorata; 
Vicianin,"  from  various  species  of  vetch;  and  others  from  a 
variety  of  other  plants.' 

When  protein  substances,  or  their  products  of  hydrolysis 
are  oxidized  in  vitro,  hydrocyanic  acid  is  produced.  Aders-Plim- 
mer* obtained  from  0 . 2  to  0.74  per  cent,  of  hydrocyanic  acid  by 
the  oxidation  of  various  proteins.  It  is  probable  that  such  forma- 
tion also  takes  place  normally  in  the  living  body,  but  the  highly 
toxic  cyanogen  radical  immediately  combines  with  the  sulfur 
which  is  at  the  same  time  freed  from  protein  combination,  to 
form  the  comparatively  inert  thiocyanates,'  which  occur  in  the 


f.  Unt.  d.  N-.  u.  G.-Mit.,  19  06, 
xii.,  530.  BoUy:  Miinch.  med. 
Wchnschr.,  1906,  liii.,  1798.  Evesque, 
Verdier  and  Bretin:  J.  de  pharm. 
et  de  chim.,  1907,  6  s.,  xxvi.,  348. 
Guerin:  Rev.  scient.,  1907,  5  s., 
viii.,  65,  106.  Hartwich:  Schweiz. 
Wchnschr.  t.Ch.u. Ph.,  1907,  xlv.,  75. 
Busse:  Ztschr.  f.  Unt.  d.  N.-  u.  G.- 
Mit.,  1907,  xiii.,  737. 

'  Dunstan  and  Henry:  Proc.  Roy. 
Soc,  1900,  Ixvii.,  224;  1901,  Ixviii., 
374;  Chem.  News,  1900,  Ixxxi.,  301. 

^  Dunstan  and  Henry:  Proc.  Roy. 
Soc,  1902,  Ixx.,  153.  Slade:  J.  Am. 
Chem.  Soc,  1903,  xxv.,  55;  Ne- 
braska Exper.  Stat.  No.  63. 

'Jorissen:  Bull.  Ac.  de  m^d.  de 
Belg.,  1883,  3  s.,  vi.,  718;  1884,  vii., 
736.  Jorissen  and  Hairs:  Ibid.,  1891, 
3  s.,  xxi.,  529.  Jouck:  Diss.,  Stras- 
burg,  1902.  Hollick:  Lancet,  1903, 
u.,  1428.  Dunstan,  Henry  and  Auld : 
Proc.  Roy.  Soc,  B.,  1906,  Ixxviii., 
145. 

*Bourquelet  and  Danjon:  J.  de 
pharm.  et  de  chim.,  1905,  6  s.,  xxii., 
219.  Guignard:  C.  r.  Ac.  sc,  1905, 
""'■      16.      Bourquelot:    Ch.   Ctbl., 


cxU., 


1905, ii., 499.   Otto:  Pharm.  Weekbl'.' 
1905,  xlii.,  88. 

'Power  and  Gornall:  Proc.  Chem. 
ooc,  1901,  XX.,  137.  Power  and  Lees: 


Ibid.,  1905,  xxi.,  88,  349.  Greshoff: 
Chem.  Cbl.,  1905,  i.,  683. 

°  Bruyning  and  van  Haarst:  Rec. 
trav.  chim..  Pays  Bas,  1899,  xviii., 
468.  Bertrand  and  Rivekind:  Bull. 
Soc.  pharm.,  1907,  xiv.,  65,  161. 

'  Loesecke:  Jbt.  ti.  Pharm.,  etc., 
1871,  vi.,  Porter:  Indian  M. 
Gaz.,  1885,  xx.,  142.  Jorissen:  J. 
de  pharm.  d'Anvers,  1894,  1,  23. 
Hebert:  Bull.  Soc.  Chim.,  1H9S. 
Heut:  Arch.  d.  Pharm.,  1901, 
ccxxxix.,  582.  Heyl:  Apoth.  Ztg., 
1902,  xvii.,  341.  Guignard:  C.  r.  Ac. 
sc,  1906,  cxliii.,  451.  Guerin:  Loc. 
cit.  Gerber  and  Cotte:  J.de  pharm. 
et  de  chim.,  1908,  6  s.,  xxviii.,  322. 

s  J.  of  Physiol.,  1904,  xxxi.,  65. 
See  also:  Schleiper:.  Liebig's  Ann., 
1846,  lix.,  1.  Guckelberger,  Ibid., 
1848,  Ixiv.,  39.  Froehde:  J.  f.  prakt. 
Chem.,  1860,  Ixxix.,  483.  Hantsch: 
Liebig's  Ann.,  1884,  ccxxii.,  65. 
Zickgraf:  Berichte,  Berl.,  1902, 
XXXV.,  3401.  Neumann:  Ztschr.  f. 
physiol.  Chem.,  1902-3,  xxxvii.,  115. 
Herzog:  Ibid.,  p.  243. 

»  Bruylants:  Bull,  de  TAc.  r.  de 
m^d.  de  Belg.,  1888,  4  s.,  ii.,  is. 
Lang:  Arch.  f.  exp.  P.  u.  P.,  1894, 
xxxiv.,  247.  Pascheles:  Ibid.,  p. 
281.  Nencki:  Berichte,  Berl.,  1895, 
xxviii.,  1318. 


7;)4  TOXICOLOGY — AVITTHAUS. 

saliva,  gastric  contents/  milk,  and  urine.  Prussic  acid  also  exists 
in  the  poisonous  secretions  of  certain  myriapeds  (centipedes).^ 
It  also  occurs  in  tobacco-smoke,'  in  the  products  of  combustion 
of  celluloid,^  and  in  illuminating  gas,  but  not  in  flue-gases.^ 

Hydrocyanic  acid  and  the  oyanids  used  in  medicine  and  in 
the  arts  are  obtained  directly  or  indirectly  by  the  decomposition 
of  a  cyanid  by  a  stronger  acid,  usually  by  the  action  of  sulfuric  acid 
upon  potassium  ferrocyanid. 

The  pure  acid  is  a  colorless  liquid,  has  a  penetrating  odor 
resembling  that  of  peach  kernels;  sp.  gr.  0.7058  at  7°  (44.6°  F.); 
crystallizes  at  —15°  (5°  F.) ;  boils  at  26 . 5°  (79 . 7°  F.),  and  is  more 
or  less  rapidly  decomposed  by  exposure  to  light. 

Since  the  first  introduction  of  hydrocyanic  acid  into  the 
materia  medica  by  Borda  in  1804,  it  has  been  used  in  degrees  of 
concentration  varying  from  1  to  50  per  cent.:  Robiquet's  acid 
was  50  per  cent.;  Koller's,  25  per  cent.;  Ittner's,  Pfaff's,  and 
that  of  the  French  codex,  10  per  cent.;  Duflos',  9  per  cent.; 
Scheele's,  4  to  5  per  cent.;  that  of  the  Pharm.  Bavar.,  4  per  cent.; 
Vauquelin's  and  that  of  the  Edinburgh  Pharm.,  3.2  to  3.3  per 
cent.;  that  of  the  Dublin  Pharm.,  1.6  to  2.82  per  cent.;  those  of 
the  United  States  and  British  Pharm.,  2  per  cent.;  Schrader's, 
1.5  per  cent.;  and  that  of  the  Prussian  Pharm.,  1  per  cent. 
At  the  present  time  the  medicinal  acid  dispensed  in  the  United 
States  is  invariably  intended  to  be  the  U.  S.  P.  acid,  while  in 
England  both  the  Br.  Ph.  and  Scheele  acids  are  used.  But  in 
appreciating  doses  actually  taken  it  must  be  remembered  that 
hydrocyanic  acid  is  decomposed  bj-  hght,  and  that  in  samples 
not  freshly  prepared  the  percentage  has  diminished. 

The  crude  essential  oil  of  bitter  almonds,  whose  principal 
constituent  is  benzoic  aldehyd,  CeHjCHO,  contains  from  2  to 
14  per  cent,  of  hydrocyanic  acid,"  which  is  presumed  to  have 
been  reduced  to  2  to  4  per  cent,  in  the  oleum  amygdalce  amaroB, 

'  KellingrZtschr.f.physiol.Chem.,  •'Kockel:  Vrtljschr.  f.  ger.  Med., 

1894,  xviii.,  397.  1904,  3  F.,  xxvi.,  1.     Coulaud:  Ann. 

^  Weber:  Arch.  f.  mik.  Anat.,  1SS3,  d'hyg.,  1909,  4  s.,  xii.,  521. 

xxi.,468.     Budge:  Deut.  Rev.,  1S83,  =  Wachholtz     and    Sieradzki: 

viii.,  401.       Guldensteeden-Egeling:  Ztschr.   f.   Med.-Beamte,    1897,   x., 

Pfliig.     Arch.,     1882,     xxviii.,    576.  269.      See  also  p.  1130. 

KarelhPharm.Post,  1901,xxxiv.,79.  "  Hager:  Commentar.  z.  Ph.  Ger- 

"Vogel:    Dingl.    polyt.    J.,    1858,  man.,  h.,  456— two  to  five  per  cent, 

cxlvui.,  231.     Kisslmg:  Ibid.,  1882,  Blyth:  "Poisons,"  203— five  to  tour- 

ccxliv.,  240.    Habermann:  Ztschr.  f.  teen  per  cent, 
physiol.   Chem.,   1902,   xxxvii.,   1. 
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U.  S.  P.  The  numerous  poisonings  which  have  been  caused  by 
the  oil  itself  and  by  the  almond  flavor  (which  is  an  alcoholic 
solution)  are  sufficient  evidence  that  the  purification  is  usually 
incomplete  in  commercial  samples. 

The  aqua  laurocerasi  or  cherry-laurel  water  prepared  by 
distillation  from  the  leaves  of  the  cherry-laurel,  still  official  in 
the  British  and  German  Pharmacopoeias,  but  not  in  that  of 
the  United  States,  contains  quantities  of  hj-drocyanic  acid 
varying  from  0 . 7  to  1  per  cent.  Madden,  in  1737,^  called  atten- 
tion to  its  toxic  powers,  and  it  was  alleged  to  have  been  the  agent 
used  in  the  earliest  English  trial  for  murder  by  cyanic  poisons.^ 

The  cyanids  of  potassium,  gold,  and  silver  are  extensively 
used  in  photography  and  in  electroplating.  The  potassium 
salt,  the  one  in  most  general  use,  has  been  the  agent  of  a  large 
proportion  of  the  recorded  cyanic  poisonings.^ 

The  metallocyanids,  such  as  potassium  ferrocyanid,  Prussian 
blue,  Turnbull's  blue,  etc.,  are  usually  considered  to  be  non-toxic, 
and  Combemale  and  Dubiquet*  failed  to  obtain  cyanic  effects 
with  the  ferrocyanid  in  experiments  on  dogs  and  guinea-pigs. 
But  Schwenkenbecher^  found  it  to  be  fatal  to  mice  in  one-per-cent. 
solution.  As  the  mineral  acids  in  concentration  of  0. 1  per  cent, 
liberate  hydrocyanic  acid  from  the  ferrocyanid,"  it  is  possible 
that  it  may  be  toxic  when  taken  into  a  hyperacid  stomach. 
When  taken  in  association  with  acids  the  ferrocyanid  exerts  the 
usual  cyanic  action,  and  in  this  manner  it  has  caused  death  in 
three  suicidal  cases,'  and  was  used  in  two  abortive  attempts  at 
murder.*  An  instance  is  also  reported  of  the  poisoning  of  an 
entire  family  by  the  ferrocyanid  mixed  with  salt.'  The  thio- 
cyanates  of  sodium  and  ammonium,  NCSNa  and  NCS(NHJ,  are 

'Phil.  Trans.,  1737,  xxxvii.,  85.  «Autenrieth:    Arch.    d.    Pharm., 

See  also:  Mortimer:   Ibid.,   p.    175.  1893,  ccxxxi.,  99. 

Kaempfer:   Wibmer,    "Wirkung   d.  '  Sonnenschein:    "Lehrb.    d.    ger. 

Arzneim.,"    etc.,    ii.,    90.     Fod6r6:  Chem.,"  1869,  p.  170.     Volz:  Vrtl- 

Wd.  l^g.,"  iv.,  126.       Benjamin:  jschr.  f.  ger.  Med.,  1877,  n.  F.,  xxvi.. 

Chants  Ann.,  1897-8,  xxiv.,  246.  57.      Schlichte:    Med.    Corr.-Bl.    d. 

\Rex   V.   John  Donellan,    1781;  Wiirtemb.  arzt.  Ver.,  1895,  Ixv.,  25. 

Pans     and     Fonblanque:      "Med.  See  also    Benjamin:   Charity  Ann., 

Jur     Hi.,  243.  1897-8,  xxiv.,  246. 

,    "or  mercuric   cyanid,     see    pp.  *  Landgraf :    Friedreich's     Bl.     f. 

™.781.  ger.  Med.,  1885,  xxxvi.,  201.    Huber; 

..    C.  r.  Soc.  de  biol.,   1890,   9  s.,  Ztschr.  f.  kl.  Med.,  1888,  xiv.,  515, 

"■'jl^^'  Prussian  blue. 

Arch.  f.  Anat.  u.  Physiol.,  Ph.  »  Vinassa:     quoted     by     Robert. 

Abt.,  1904,  134.  "Intoxik.,"  2te  Aufl.,  ii.,  836. 
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usually  considered  as  non-toxic,  and  Pollak'  has  shown  that  they 
are  almost  quantitatively  eliminated  unchanged  in  the  urine.  A 
somewhat  doubtful  case  of  the  death  of  a  woman  in  28  hours  from 
the  effects  of  0.3  gm.  {ca.  5  gr.)  of  the  latter  salt  is,  however, 
reported.^  The  toxicity  of  the  potassium  salt  is  attributable  to 
its  positive  rather  than  to  its  negative  ion.'  A  suicidal  case, 
fatal  in  10  hours,  by  this  salt  is  reported  by  Lesser.^  Hydro- 
cyanic acid,  or  formonitril,  is  the  first  of  the  series  of  nitrils, 
or  alkyl  cyanids,  the  superior  terms  of  which  are  also  possessed 
of  the  toxic  cyanic  action  in  varying  degrees,  all  less  than  that 
of  hydrocyanic  acid  itself  or  of  the  simple  cyanids.^ 

Hydrocyanic  acid  also  exists  in  several  liqueurs,  such  as 
Kirschwasser,  noyeau,  etc.,  the  inordinate  use  of  which  might 
cause  cyanic  poisoning. 

Gaseous  hydrocyanic  acid  has  been  used  in  Australia  for  the 
preservation  of  fruit,  and  in  the  saccharine  materials  so  treated 
it  is  masked  in  part  by  its  combination  with  the  aldehyd  or 
ketone  groups  of  the  carbohydrates.  Yet  the  process  is  not 
above  suspicion,  both  in  view  of  the  danger  to  the  operatives 
and  the  possible  toxicity  of  the  product."  A  fertilizer  con- 
taining calcium  cyanamid,  NC.N:Ca,  is  now  used  in  northern 
Europe.'' 

Statistics  and  Origin. — Dioscorides  casually  mentions  the 
poisonous  nature  of  bitter  almonds,*  and  the  Egyptian  priests 
appear  to  have  known  of  a  poison  derived  from  the  peach.' 
Fod^re^"  quotes  from  Murray  cases  of  poisoning  by  cherry-laurel 
water  which  occurred  in  172S.  But  the  toxicological  history  of 
hydrocyanic   acid  itself  begins  with  the  year   1803,  when  its 

'  Beitr.  z.  chem.  Physiol,  u.  Path.,  Arch.  int.  de  pharmacod.,  1897,  iii., 

1902,  ii.,  431.  77;  Bull.  Ac.  r.  de  m^d.  de  Belg., 

^Pharm.  J.,  1893^,3s.,xxiv.,791.  1900,   4   s.,   xiv.,  209.     Verbrugge: 

See     also:      Treupel     and     Edinger  Arch.  int.  de  pharmacod.,  1898,  v., 

Munch,     med.      Wchnschr.,      1900,  161.     Fiquet:   IbU.,  1900,  vii.,  307. 

xlvii.,  717.  Meurice: /bid.,  1900,  vii.,  U;  1906, 

'  Bernard:  "Subst.  tox.  et  m^d.,"  xvi.,  468.      Hunt:  Ihid.,  1904,  xii., 

1857,   p.   356.     Pelikan:   "Beitr.   z.  447;  Amer.  Med.,  1904,  vii.,  789. 

ger.  Med.,  1858,  p.  95     Setschenow:  «  Schumacher:  Ztschr.  f.  Unt.  d. 

Virch.  Arch.,  1858,  xiv.,  356.    Pod-  Nahr.-u.  Gen.-Mitt.,  1902,  v.,  1099. 

copaew:  Ihid.,   1865,  xxxiii.,   505.  Schmidt:   Arb.   a.   d.  kais.  Gesund- 

*  Vrtljschr.    f.    ger.    Med.,    1898,  htsa.,  1902,  xviii.,  490. 

3  F.,  xvi.,  97.  '  Stritt:   Ztsch.  f.  Hyg.,  1908-9, 

=  Falck:  Virch.  Jbt.,  1896,  i.,  333;  Ixii.,  169. 

1897,  i.,     370,    and    authors    there  «  Lib.  i.,  c.  176. 

cited.     Haymans  and  Massoin:  .\nn.  °  See.  p.  5. 

de   I'inst.   Pasteur,    1897,    xi.,    160;  '»  "M6d.  16g.,"  iv.,  26. 
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poisonous  nature  seems  to  have  been  first  recognized  by  Schrader.' 
The  acid  had  been  discovered  twenty  years  earlier  (1780)  by 
Scheele,  whose  death  has  been  frequently  attributed  to  accidental 
inhalation  of  its  vapor.  It  would  seem,  however,  from  the 
account  given  by  CrelP  at  the  time  of  Scheele's  last  illness, 
that  his  death  was  due  to  disease  and  not  to  poison. 

According  to  Still6,^  Borda  (1804)  first  suggested  the  use  of 
the  artificially  prepared  hydrocyanic  acid  as  a  remedy  in  cases 
in  which  cherry-laurel  water  had  been  previously  used.  A  few 
years  later  (1813)  two  cases  of  fatal  poisoning  by  it  were  re- 
ported:* one  that  of  a  suicide  who  died  in  five  minutes,  the  other 
that  of  a  child  who  swallowed  a  quantity  of  the  dilute  acid  in- 
tended for  the  mother.  Within  the  few  succeeding  years 
deaths  occurring  in  a  similar  manner,  from  misadventure,  or  by 
reason  of  the  varying  degree  of  concentration  of  the  medicinal 
acid  used,  became  very  numerous  and  in  consequence  the  drug 
fell  into  disrepute. 

In  more  recent  years  the  extensive  use  of  the  cyanids  of 
potassium,  silver,  etc.,  in  the  processes  of  photography,  electro- 
plating, and  gilding  has  placed  these  active  poisons  at  the  easy 
disposal  of  many,  has  led  to  numerous  cases  of  poisoning  through 
carelessness  or  misadventure,  and  has  brought  potassium  cyanid 
into  prominent  notice  as  one  of  the  most  frequently  employed 
of  poisons. 

Of  492  cases  of  cyanic  poisoning  which  we  have  collated, 
194  were  by  hydrocyanic  acid,  154  by  potassium  cyanid,  65  by 
oil  of  bitter  almonds,  9  by  eating  bitter  almonds,  10  by  cherry- 
laurel  water;  in  22  the  nature  of  the  compound  is  not  definitely 
stated,  while  in  38  the  preparation  was  an  unusual  one:  ratafia,^ 
"almond  cake,""  Prussian  blue,^  bitter  almond  milk;^  potas- 
sium ferrocyanid  in  solution  followed  by  an  acid,"  inhalations 
of  hydrocyanic  acid  liberated  by  the  action  of  sulfuric  acid  on 
potassium  cyanid, '^   seeds   of  Jatropha  midtifolia,'-^  a  solution 

'  Gilbert's  Ann.  d.  Phys.,  xiii.,  503.  '  Huber:  Ztsch.  f .  kl.  Med.,  1888, 

'Crell's  Annalen,  1787,  i.,  192.  xiv.,  515— M.,  50,  H.  (?),  R. 

'Therap.andMat.Med.,"ii.,207.  ^Ponzaire:   J.   d.   m.   ch.   et  ph., 

'Arch.  f.  m.  Erfahr.,  1813,  510;  Montpel.,  1803,  Ann.  2,  T.  i.,  297— 

Hufeland's  Journal,  1813,  113.  5  y.,  A.,  D. 

'Smith:  Lancet,   1844,  i.,   335—  »  See  notes  7  and  8,  p.  795. 

>>■,  8i,  A.,  R.  10  Graff:  Ztschr.  f.  d.  Staatsarznk., 

°Turchetti:    Gaz.    m.    it.    prov.  1838,  xxxvi.,  1— M.,  28,  S.,  D. 

Venet.,    I860,    iii.,    226— M.,    ad.,  "Porter:    Ind.    Med.  Gaz.,  1885, 

^•'  R-  XX.,  142 — three  children.  A.,  R. 
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of  silver  cyanid  in  potassium  cyanid  used  by  counterfeiters/  "ar- 
gentine,"^ oil  of  bitter  almonds  and  opium/  almond  flavor/ 
gilding  solution,^  Kirschwasser,®  cherry,'  apricot,'  peach,'  and 
plum^°  kernels.  The  ordinary  French  bean  (Phaseolus  vulgaris), 
when  eaten  raw  has  been  known  to  cause  severe  cyanic  poisoning, 
and  a  related  kidney  bean  (Phaieolus  lunatus)  has  proved  fatal." 

The  greater  proportion  of  cases  were  suicidal:  295  out  of 
464  cases  in  which  the  motive  is  stated  (  =  63.6  per  cent.). 
Many  of  the  suicides  by  hydrocyanic  acid  were  pharmacists, 
physicians,  or  chemists,  while  many  of  those  by  potassium 
cyanid  were  among  photographers,  electroplaters,  and  chem- 
ists, or  soldiers  who  purchased  the  salt  under  the ''pretense  of 
using  it  to  clean  gold  lace.  In  two  early  instances  physicians 
narrowly  escaped  fatal  poisoning  consequent  upon  their  taking 
the  acid  for  experimental  purposes.'^ 

Hydrocyanic  acid  was  taken  by  133  suicides;  potassium 
cyanid  by  104,  and  oil  of  bitter  almonds  by  40.  In  7  cases  the 
nature  of  the  preparation  is  not  given,  and  in  11  it  was  peculiar; 
in  4  instances  by  eating  a  large  quantity  of  bitter  almonds." 
Only  55  of  the  295  suicides  were  women.     Of  these  15  took  oil 

'  Letheby:  Med.  Times,  London,  '  Wahlen:     Upsala     lak.   forh., 

1851,    n.   s.,    iii.,    41— two   F.,    24,  1884,  xix.,  129— F.,  5,  A.,  D. 

S.,    D.     In   one   case   the   woman's  *Deak:    Pest,   med.-chir.  Presse, 

paramour   was   accused   of   causing  1903,  xxxix.,  1006. 

her  death  by  inducing  her  to  swal-  'Delia  Torre:    Gazz.  m.  it.  prov. 

low  the  poison.  Venet.,  1860,  iii.,  162. 

^Martius:   Aerztl.  Int.-Bl.,  1872,  ">  Seferowitz :  Wien.  m.  BL,  1882, 

xi.,  135;  Ph.  Jahrb.,  1872,  585— F.,  v.,  391— M.,  12,  A.,  R. 

58,  A.,  R.     Argentine  is  a  mixture  "  Forrest:  Glasgow  M.  Jour.,  1882, 

of  the  cyanids  of  silver  and  potas-  xviii.,  68.     See  also:  Soltsien:  Arch, 

slum    with    chalk.     Martin:    Fried-  f.  Pharm.,   1883,  xxii.,  29.     David- 

reieh's  Bl.  f.  ger.  Med.,  1888,  xxxix.,  son    and    Stevenson:    Practitioner, 

3:     chronic    poisoning    in    silver  1884,     xxxii.,     435.     Broadbent: 

plater.  Brit.   M.  Jour.,   1884,  i.,  267.    See 

"Ph.  J.  and  Tr.,  1861,  n.  s.,  ii.,  also  p.  792. 

535 — a    double    suicide.     The    wo-  '^  Coullon:  "Rech.  etconsid.m^d. 

man   recovered    and    was   held    for  s.  I'acide  hydrocyan.,"  1819;  Revue 

trial  as  aiding  and  abetting  suicide.  m^d.,  1825,  265. 

*Ibid.,    1863,    n.    s.,    v.,    89— M.,  »' See   Volz's,   Graff's,   Letheby's, 

0,  A.,  D.  Wahlen's,  and  WitlacU's  cases  above 

^  Ibid.,    1871,    3    s.,    i.,    856 — M.,  cited;   and    Kennedy:    London  M. 

ad..  A.,  D.     Potassium  cyanid,  by-  and  Ph.  Jour.,  1827,  n.  s.,  ii.,  150— 

(Irochloric     acid,     ammonia,     and  M.,  ad.,  S.,  D.    Maschka:  "Samml. 

water   (sic!).     Another   by  Witlacil  Gutacht.  Prag.  med.  Fak.,"  1874,  4 

in    Wien.    med.    Wchnschr.,    1862,  F.,  259 — F.,  31,  S.,  D.     v.  Hofmann: 

xii.,  231— M,  27,  S.,  D.  "Lehrb.    d.    ger.    Med.,    9te   Aufl., 

"Schneider:   Ztschr.  f.  d.   Staats-  743— F.  ad.  S.,  D.   Miiller:  Ztsch.  f. 

.irznk.,   ISL',"),  ix.,  399— M.,  ad.,  A.,  Med.-Beamte,   1907,  xx.,  37— M.  66 

D.  (baker),  S..  D. 
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of  bitter  almonds  used  in  confectionery  or  in  the  household  for 
flavoring;  6  were  female  connections  of  photographers,  and  4 
of  platers,  who  took  potassium  cyanid;  5  were  female  connec- 
tions ox  servants  of  physicians,  who  took  hydrocyanic  acid;  4 
were  double  suicides  in  which  the  man  obtained  the  poison.  In 
one  instance  a  woman  attempted  suicide  by  injecting  a  solution 
of  potassium  cyanid  into  her  rectum.'  We  find  record  of  but 
one  case  in  which  potassium  cyanid  was  taken  to  cause  abortion.^ 
Of  the  123  cases  of  poisoning  by  accident,  misadventure,  and 
negligence,  18  resulted  from  the  use  of  oil  of  bitter  almonds  as  a 
flavor;  10  from  eating  bitter  almonds,  peach  kernels,  etc.;  27 
from  the  mistake  on  the  part  of  the  victim  himself,  by  hydrocy- 
anic acid,  and  14  similarly  by  potassium  cyanid;  10  were  medicinal 
poisonings,  aU  but  two  anterior  to  1850.'  Three  of  these  were 
non-fatal  cases,  one  was  the  fatal  poisoning  of  seven  epileptic 
patients  at  the  hospital  of  Bic6tre  in  1830,*  and  one  was  the  sub- 
ject of  a  trial  for  manslaughter.''  In  17  instances  the  poisoning 
was  the  result  of  an  error  in  compounding  a  prescription."  As 
"ehlorodyne"  contains  hydrocyanic  acid,  poisonings  by  that 
mixture  sometimes  assume  a  distinctly  cyanic  type,  particularly 
when  large  quantities  are  taken.'  Accidental  poisonings  have 
also  been  caused  by  inhalation  of  the  vapor  of  the  acid,*  b)^ 


'CamSre:  Bull.  g6n.  de  tMrap.,  1869-70,    n.    s.,    xi.,    42.     Arnold's 

1869,  Ixxvii.,  ioS.  case.  Am.  J.  M.  Sc,  1869,  n.  s.,  Ivii., 

'  Norsk.  Mag.  f .  Laeg.,  1902,  Ixiii.,  103. 

737.  '  See      Opium.     Also     case     by 

/Ph.  J.  and  Tr.,   1875-76,   3   s.,  Browne:    Austral.    M.    J.,    1879,    n. 

vi.,  559.     An  overdose   given   to  a  s.,  i.,  587. 

patient  in  an  infirmary,  by  error  of  'Taylor:  "Poisons,"  3d  Am.  ed., 

the  nurse.     Death,     /bid.,  1861-62,  563 — two    cases:    F.,    ad..    A.,    D.; 

n.    s.,    iii,,     341.     Two    medicinal  F.,    ad..    A.,    R.    Post:    New    York 

doses  of  hydrocyanic  acid  given  to  M.    J.,    1876,    xxiii.,    403 — M.,    55, 

allay  vomiting  in  a  case  of  poisoning  A.,  D.    Ph.  J.  and  Tr.,   1877-78,  3 

by  aconite.  s.,     viii.,     356— M.,     ad..     A.,     D. 

'Orfila:  "Tox.  g6n.,"   Seme  ed.,  Martins:  Aerztl.  Int.-BL,  1872,  xix., 

ii-,  326.  135.    Professor  Bescherer,  of  Rudol- 

"Reg.  V.  Cronin:  Edinb.  M.  and  stadt,  died  in  1849,  poisoned  during 
S.  J.,  1847,  Ixvii.,  598;  London  preparation  of  hydrocyanic  acid. 
Med.  Gaz.,  1847,  n.  s.,  iv.,  388,  431,  Poggendorff:  "Handwb.,"  i.,  175. 
o93-  Mittenzweig:  Ztschr.  f.  Med.- 
Among  these  are  the  cases  of  Beamte,  1888,  i.,  101;  vertigo,  faint- 
Reg.  )).  Boroughs,  1857,  Ph.  J.  and  ing  spells,  neurasthenia  from  inhala- 
ir.,  1857,  xvi.,  484.  Reg.  v.  Ball,  tion  HON  while  making  an  autopsy 
I  l^H'^-'  1860-61,  n.  s.,  ii.,  198.  lasting    three    hours.     Tintemann: 

Deut.  med.  Wchnschr.,  1906,  xxxii., 
1703. 


Burmah's  case,  Lancet,  1854,  'i.,  39^ 
(jarstang's  case.  Ibid.,  1888,  ii.,  15. 


Guinni 


ess     case,    Ph.    J.    and    Tr., 
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absorption  from  a  wound  caused  by  breaking  a  bottle  of  the 
medicinal  acid  in  the  hand/  and  in  one  case  solution  of  potassium 
cyanid  was  injected  into  the  rectum.^  A  pecuHar  chronic  poi- 
soning occurs  in  photographers  from  contact  with  potassium 
cyanid,    and  in  workmen  employed  in  "  cyaniding"  gold  oi-es.' 

Although  cyanic  poisons  have  pronounced  taste  and  odor, 
they  have  been  alleged  to  have  been  used,  or  used  in  36^  cases 
of  intentional  homicide  of  which  we  find  mention.  The  earliest 
of  these,  Rex  v.  Donellan,  1781,  was  in  all  probability  a  homi- 
cide by  cherry-laurel  water,  although  the  scientific  evidence 
adduced  would  hardly  be  considered  conclusive  at  the  present 
time.^  In  1829  a  man  was  acquitted  upon  trial  for  the  murder 
of  his  mistress  by  hydrocyanic  acid.  There  was  no  question 
of  the  cause  of  death,  but  reasonable  doubt  concerning  the  ad- 
ministration." The  defendant  was  also  acquitted  in  Reg.  v. 
Belaney,  1844,  in  which  there  was  na  doubt  of  the  cause  of  death 
or  of  the  administration,  but  a  question  as  to  the  intent.'  In 
1845  John  Tawel  was  convicted  of  the  murder  of  his  mistress 
by  hydrocyanic  acid.*  In  Reg.  v.  Fisher  oil  of  bitter  almonds 
was  supposed  to  have  been  poured  down  the  throat  of  a  man 
while  he  was  asleep. °  William  Palmer,  subsequently  executed 
for  the  murder  of  Cook,  by  strychnin,  is  supposed  to  have  de- 
stroyed his  brother  Walter  by  prussic  acid  in  1856.^°  In  Reg. 
V.  Walker  the  defendant  was  convicted,  largely  upon  moral  evi- 
dence," of  the  murder  of  Agnes  Montgomery,  at  Egglesham  near 
Glasgow,  in  1857.  Taylor  refers  to  another  trial  for  murder, 
also  by  hydrocyanic  acid,  in  Glasgow  in  the  same  year.'^    In 

'  Sobernheim:  "Handb.  d.  Tox., "  "Rex    v.    Freeman,    London   M. 

1838,  449.    Wilkes:  Lancet,  1904,  ii.,  Gaz.,    1S31,    viii.,    759,  795;  Chris- 

1058.  tison:  "Poisons,"  2d  ed.,  666. 

^CarriSre:    Bull.    g^n.    de    th6r.,  'Taylor:  "Poisons,"  3d  Am.  ed., 

1869,  Ixxvii.,  458.  572. 

'Souwers:  Phila.  M.  Times,  1877-  «Skae:   North.   J.   Med.,  Edinb., 

78,  viii.,  345.     Martin:  Friedreich's  1844-45,  ii.,  396;  Lancet,  1845,  i., 

Bl.    f.   ger.   Med.,   1888,   xxxix.,   3.  379;    Brown   and    Stewart:  "Trials 

Nolan:  J.  Am.  M.  Ass.,  1908,  1.,  365.  for  Murder  by  Poison,"  16-49. 

See   also:      McKelway:   Am.   J.    M.  '  Taylor:  Op.  ciL,  584. 

Sc,  1905,  n.  s.,  cxxix.,  684.  '» Taylor:  Op.  cit.,  564,  578. 

*  We  find  reference  to  two  other  "  M.  Times  and  Gaz.,  1858,  n.  s., 

cases   in   a   journal   inaccessible   to  xvi.,   36;   Brown  and  Stewart:  Op. 

us:    Blumenstok:     Przegl.     lek.,  cit.,  52. 

Krakow,     1S82,     xxi.,     95;     Ibid.,  '"  jj^eg.  u.  Thompson;  Taylor:  Op. 

1886,  xxv.,  7,  24,  36,  53,  67,  81,  98.  cit.,  579.                                  ' 

'  Gurney's     Report,     Paris     and 
Fonblanque:  "Med.  Jur.,"  iii.,  243. 


HYDROCYANIC    ACID— STATISTICS-  AND    ORIGIN.  801 

1863  one  Hunt  administered  hydrocyanic  acid  to  his  wife  and 
two  children  in  a  cab,  which  he  afterward  left,  directing  the 
cabman  to  drive  to  a  certain  address,  upon  arriving  at  which 
the  dead  bodies  were  found  in  the  cab.  Tw.o  days  after  Hunt 
.killed  himself  with  aconite.'  In  the  same  year  one  Dalby 
poisoned  his  wife  with  hydrocyanic  acid  and  committed  suicide 
with  the  same  poison  seven  days  later.  ^  In  18.56  one  Southey 
alias  Forward  poisoned  three  children  in  a  hired  room  in  Lon- 
don with  prussic  acid;^  and  in  1872  one  Williams  poisoned  two 
children  with  oil  of  bitter  almonds.''  In  1883  a  girl  of  sixteen 
years  died  from  the  effects  of  a  teaspoonful  of  oil  of  bitter 
almonds  administered  to  her  by  a  preacher,  it  was  claimed 
without  intent  to  kill.'  In  an  early  French  case  portions  of  a 
body  were  found  in  different  places,  and  hydrocyanic  acid  was 
detected  in  the  stomach  contents.®  In  the  Affaire  Pralct,  or 
Aff.  I'Heritier  in  1841,  death  was  caused  by  apoplexy,  and  not 
by  hydrocyanic  acid  as  alleged.'  We  find  no  reference  to  a 
French  case  between  this  and  the  affaire  Troppmann  in  1869. 
In  this  case,  singular  in  many  respects,  a  mechanic,  in  a  crude 
apparatus,  prepared  impure  hydrocyanic  acid,  with  which  he 
poisoned  Jean  Kinck.  Three  months  later  he  slaughtered  the 
widow  and  six  children.^  Tardieu  and  Roussin,  however,  refer 
to  another  poisoning  by  a  young  man  without  professional 
knowledge,  who  prepared  the  poison  himself;  and  they  include 
in  their  table  of  criminal  poisonings  from  1857  to  1871,  two  by 
hydrocyanic  acid  in  1864  and  1865,  and  two  by  potassium  cy- 
anid  in  1868.=  The  Affaire  Danton  followed  in  1882.'"  In 
Germany  Liman  reports  the  Melchior  case,  in  which  a  man 
poisoned  two  children  and  his  wife,  strangled  an  older  daughter, 

'Ph.  J.  and  Tr.,  1863-64,  n.  s.,  "Aff.  Ramus:  Chevallier  and  de 

v.,  281;  Taylor:   Op.  cU.,  721.     In  Loury:   Ann.      d'hyg.,      etc.,    1833, 

the  case  of  Dr.  Warder  (Ph.  J.  and  ix.,  337. 

Tr.,   1866-67,   n.   s.,   viii.,   94)    the  '  Orfila:   "Tox.  g4n.,"    54me  ed., 

selection   of  poisons  was  reversed,  ii.,    364-404;    Ann.    d'hyg.,     1841, 

the  wife  was  destroyed  by  aconite  Xxvi.,  399;   1843,  xxix.,   104;  Arch, 

and    W.   subsequently    committed  g^n.   de  m^d.,   1843,   4  s.,   i.,   383; 

suicide  with  hydrocyanic  acid.  Gaz.  m6d.  de  Par.,  1843,  xi.,  82. 

'Ph.  J.  and  Tr.,  1863-64,  n.  s.,  'Ann.  d'hyg.,  1870,  2  s.,  xxxii., 

v.,  187.                                               '  181. 

lll^;  1865-66,  n.  a.,  vii.,  129.  »  "Empoisonnement,"    26me   ed., 

Ibid.,  1873-74,  3  s.,  iv.,  486.  1187,  165. 

Reg.  V.  Timmins:   Ibid.,   1882-  ">  Vibert  and  I'Hote:  Ann.  d'hyg., 

'■s.  3  s.,  xiii.,   579,   619;   1883^84,  1883,    3    s.,    ix.,    393;    1888,    3    s., 

^  ^-^  »v.,  58.  XX.,  235. 
IV.-51 
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and  then  destroyed  himself  by  a  pistol-shot  wound  in  the  head.' 
In  November,  1867,  the  Countess  Chorinsky  died  at  Munich  from 
the  effects  of  potassium  cyanid,  administered  by  a  woman  sent 
by  the  Count  from  Vienna  for  that  purpose.^  In  1879  a  woman 
was  destroyed  by  potassium  cyanid,  added  by  her  lover  to  a^ 
liquor  which  she  was  accustomed  to  use.^  Landgraf  in  1885 
reported  an  attempt  of  a  man  to  poison  his  wife  with  potassium 
ferrocyanid,  administered  in  a  medicine  containing  dilute  hydro- 
chloric acid.*  Huber  reported  a  case  of  alleged  attempt  at  homi- 
cide by  Prussian  blue  mixed  with  milk  in  1888.'  v.  Hofmann 
mentions  an  attempt  to  administer  potassium  cyanid,  followed  by 
murder  by  strangulation."  A  priest  attached  to  a  village  chapel 
in  Austria  attempted  to  murder  his  superior  with  potassium 
cyanid  added  to  the  mass  wine.''  In  the  United  States  Paul 
Schoeppe  was  convicted  of  murder  by  prussic  acid  in  Pennsyl- 
vania in  1869,  but  was  acquitted  upon  a  second  trial.*  A  young 
man  was  accused  of  the  murder  of  his  father  by  hydrocyanic  acid 
in  Nebraska  in  1880;  and  a  man  was  tried  in  Delaware  Co.,  New 
York,  in  1886  for  attempted  wife  murder  by  potassium  cyanid 
mixed  with  salt.'  In  the  somewhat  unusual  case  of  Peo.  v. 
Benham,  first  tried  in  Genesee  Co.,  N.  Y.,  the  defendant  was  con- 
victed of  the  murder  of  his  wife  by  hydrocyanic  acid,  although 
the  administration  was  strenuously  contested  by  the  defense,  and 
the  sentence  was  affirmed  by  the  Court  of  Appeals.^"  A  new  trial 
was,  however,  granted  by  a  justice  of  the  Supreme  Court  upon 
motion,  on  the  ground  of  "newly  discovered  evidence,"  under 
Sec.  465  of  the  Criminal  Code.  Upon  the  second  trial  this  evi- 
dence, which  consisted  essentially  of  the  prisoner's  own  state- 
ment, admitting  the  administration,  but  denying  the  criminal 
intent,  was  presented  with  the  result  of  an  acquittal. 

1  Casper-Liman;  "Handb.  d.  ger.  ^  Ztschr.  f.  kl.  Med.,  1888,  xiv.,  515. 

Med.,"  8te  Aufl.,  ii.,  65.  »  "  Lehrb.  d.  ger.  Med.,"  9te  Aufl., 

^Martin:     "Process     Ebergenyi-  673. 

Chorinsky,"  Allg.  Wien.  med.  Ztg.,  '  Fall  Thomas  Maschek:  v.  Josch: 

1868,    xiii.,    297,    305,     353,     377;  Arch.   f.    krim.    Anthrop.,   1903-4, 

Buchner:    N.   Rapt.  f.   d.    Pharm.,  xiv.,  90.     Compare  with  Litterski's 

1867,  xvii.,  534;    Kuhlmev:    Vrtlj-  case,  p.  1027. 

schr.  f.  ger.  Med.,  1898,  3  F.,  XV.,  8.  'Papers.    Med.-leg.   Soc,   N.  Y., 

i*  Hofmann:        "Process        Leop.  1874,  i.,  124. 

Winckler,"  AVien.  med.  Wchnschr.,  °  Peo.  v.  Arthur  F.  Hoops. 

1880,  XXX.,  9,  40,  64.  "Peo.  vs.  Benham  (1899),  160,  N. 

*  Friedreich's    Bl.    f.    ger.    Med.,  Y.,  ^02. 
18S,-,,  XXX vi.,  201. 
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In  ten  instances  murder  and  suicide  were  committed  either 
simultaneously  or  in  succession.  In  one  of  these  a  woman  and 
two  sons  were  poisoned  by  one  of  the  latter  ;i  in  another  a  man 
and  woman  murdered  their  six  children  and  then  destroyed  them- 
selves;^ in  1S71  a  man  poisoned  four  of  his  children  and  himself;^ 
in  Manchester  a  woman  poisoned  her  daughter  and  herself  in  1872;'' 
in  1877  a  woman  poisoned  herself  and  her  infant  child,^  and 
another  woman  in  1883  destroyed  herself  and  her  six-year-old 
child.^  In  1904  a  man  killed  his  two  children  and  himself.' 
Lesser"  reports  the  case  of  a  man  who  killed  his  child  and 
himself  by  potassium  cyanid,  and  in  another  German  case  a 
man  poisoned  another  and  himself  the  following  day  by  the 
same  substance.^  An  English  case  in  1890  was  more  probably 
one  of  suicide  and  homicide  than  one  of  double  suicide.^" 

Lethal  Dose. — The  minimum  lethal  dose  of  hydrocyanic 
acid  is  difficult  to  fix  with  certainty,  owing  to  the  varying 
strength  of  the  medicinal  acid.  It  is  stated  by  Christison"  that 
the  Parisian  epileptics  received  a  quantity  containing  two-thirds 
of  a  grain  of  anhydrous  acid  each.  It  has  been  shown  by 
Letheby,  however,  that  the  quantity  actually  taken  in  these 
cases  was  5^  Troy  grains  (0.3575  gm.).^^  In  a  case  reported  by 
Hicks,  a  woman  of  twenty-two  years  died  in  twenty  minutes 
from  the  effects  of  a  lotion  containing  0.9  grain  (0.0585  gm.) 
of  anhydrous  acid;^^  and  in  the  Bristol  Infirmary  case  the  dose 
did  not  exceed  1.2  grains  (0.078  gm.)."  A  man  of  forty  years 
died  from  swallowing  the  whole  of  a  medicine  containing  30 
drops  of  the  Br.  Ph.  acid.'*  It  is  probable  that  even  so  small  a 
quantity  as  0.05  gm.  (|  grain)  of  the  anhydrous  acid  might 
prove  fatal.  On  the  other  hand,  in  a  few  instances  when 
prompt  treatment  has  been  possible,  much  larger  doses  have 
been  recovered  from.     Thus  in  Burnam's  case  the  quantity  taken 

'  Smithers'  case,  Ph.  J.  and  Tr.,  °  Ludwig    and    Mauthner:    Wien. 

1858,  xvii.,  383.  med.  BL,  1880,  iii.,  1110. 

-"The  Smithfield  tragedy;"  Wil-  '"  "The  Newcross  tragedy." 

son:  Lancet,   1869,   ii.,   30;  Ph.   J.  "  "Poisons,"  4th  (Am.)  ed.,  592. 

andTr.,  1869,  n.  s.,  xL,  87.  ^''Fh.  J.  and  Tr.,  1845,  iv.,  515. 

'  Nimmo   case,   Ph.    J.    and   Tr.,  "  Med.  T.  and  Gaz.,  1845,  xxxv., 

1871-72,  3  s.,  ii.,  137.  896.      Letheby:     Lancet,     1S45,    i., 

'Ihid.,  1872-73,  3  s.,  iii.,  394.  638. 

Ibid.,  1876-77,  3  s.,  vii.,  403.  "Med.   Times,   London,  1839,  i., 

'Ibid.,  1883-84,  3  s.,  xiv.,  617.  109. 

Ihd.,  1904,  4  s.,  xix.,  874.  '^Ph.  J.  and  Tr.,  1870,  n.  s.,  xi., 

vrtljschr.  f.  ger.  Med.,  1898,  3  F.,  727. 
XV.,  290.                             .          .         I 
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certainly  contained  2.4  grains  (0. 156  gm.)  of  hydrocyanic  acid,* 
and  in  a  case  reported  by  Shively^  the  dose  taken  is  said  to  have 
equalled  4.8  grains  (0.312  gm.)  of  anhydrous  acid,  taken  by  a 
student  of  pharmacy  in  the  form  of  a  freshly  prepared  U.  S. 
Ph.  acid.  Potassium  cyanid  has  caused  death  in  doses  of  2, 3,  and 
4  grains  (0.13-0.2-0.26  gm.),^  but  persons  have  recovered  after 
taking  19^,  30,  40,  and  50  grains  (1.26,  1.94,  2.7,  and  3.25  gm.).^ 
The  effect  of  a  given  dose  of  oil  of  bitter  almonds  is  more  variable, 
owing  to  the  varying  quantity  of  prussic  acid  which  the  oil 
contains.  Twenty  drops  have  proved  fatal  to  a  woman  of  forty- 
nine  years, ^  and  doses  of  from  four  to  six  drachms  have  been 
recovered  from  in  several  instances.® 

Prognosis  and  Duration. — The  prognosis  in  cyanic  poi- 
soning is  extremely  unfavorable.  Of  364  subjects  289,  or  79.4 
per  cent.,  died.''  In  this  number  are  included  many  slight  poison- 
ings by  small  doses,  and  very  few  of  those  who  have  taken  truly 
lethal  doses  have  recovered.  This  high  mortality  is  in  great 
measure  due  to  the  extremely  rapid  action  of  the  poison.  A 
large  proportion  of  the  victims  have  been  "found  dead,"  many 
within  a  short  time  after  they  have  been  seen  perfectly  well. 
The  interval  intervening  between  the  ingestion  of  the  poison  and 
unconsciousness  and  loss  of  voluntary  motion  is  measured  in 
seconds  rather  than  in  minutes.  Indeed,  it  was  formerly  ques- 
tioned whether  a  person  having  taken  a  lethal  dose  of  a  cyanic 
poison  could  perform  any  voluntar}'  act  thereafter.  A  number 
of  observations,  however,  of  instances  in  which  death  has  been 
unquestionably  due  to  a  cyanic  poison,  and  in  which  the  victim 
has  spoken,  walked,  and  performed  other  voluntary  acts  before 
yielding  to  the  action  of  the  poison,  render  the  opinion  that  evi- 
dences of  such  acts,  performed  after  the  taking  of  the  poison,  are 
inconsistent  with  the  theory  of  suicide  untenable.* 

'Lancet,  ISSl,  i.,  39.  «Pursell:  Assoc.  M.  J.,  1854,  ii., 

2  Am.  J.  M.  Sc,  1890,  n.  s,,  c.  47.  885.     Chavasse:   Lancet,    1839,   ii., 

'  Bennett:  Med.  Rec,  1894,  xlv.,  930.     Allen:   Int.   M.   Mag.,  Phila., 

742.     J.  d.  ch.  mM.,  etc.,  1843,  3  s.,  1S03,  ii.,  126. 

ix.,  95,  98.     Perry:  Am.  J.  M.  So.,  '  Excluding  coroners'  cases. 

IS.i'J,  n.  s.,  xxiv.,  94.                         >  s  See  in  this  regard  Gierl:  Med.- 

^Higgins:     Med.     Rec,     N.     Y.,  chir.  Ztg.,  Innsbruck,  1829,  i.,  396. 

1891,  xl.,  687.     Stevenson:  Lancet,  London    M.    Gaz.,    1831,  viii.,  759, 

lS71,i.,S06.     Brockatt: /hiW.,  1SS6,  795  (Rex  v.  Freeman,  1829).    God- 

ii.,  1174.     Gillibrand: /birf.,  1876,  ii.,  frey:    Prov.     M.    and  S.  J.,  1844, 

223.  398.     Burman:  Lancet,  1854,  i.,  39. 

*  Bull:   Prov.    M.    and    S.    Jour.,  Quain:    Tr.    Path.    Soc,    London, 

1844,  364.  1855-56,  vii.,  189;  also  Med.  Times 
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The  average  duration  of  fatal  cyanic  poisoning  is  shown  in 
the  cases  of  the  seven  epileptics,  above  referred  to,  who  died  in 
from  fifteen  to  forty-five  minutes.  In  87  of  201  reports  of 
fatal  poisonings  by  hydrocyanic  acid,  in  which  reference  is  made 
to  the  duration,  the  person  was  "found  dead";  in  46  death  is 
said  to  have  occurred  in  "  a  few  minutes  "  or  "  soon."  In  4  early 
cases  death  is  said  to  have  occurred  in  five  minutes  or  less.  But 
in  these  unconsciousness  and  an  imperceptible  pulse  were  probably 
mistaken  for  death.  Thus  in  Hufeland's  case,  a  thief  upon 
being  taken  into  custody  swallowed  a  large  dose  of  the  acid. 
When  seen  by  the  physician  four  or  five  minutes  later  he  was 
stretched  out  completely  lifeless,  with  no  trace  of  pulse,  heart's 
action,  or  respiration,  and  after  a  few  minutes  there  was  one  terri- 
bly deep  respiratory  act,  followed  afterward  by  two  others  before 
death.'  Taylor^  refers  to  the  case  of  a  physican  who  destroyed 
himself  in  from  four  to  five  minutes  by  swallowing  several 
drachms  of  the  medicinal  acid;  and  Tripe^  speaks  of  another 
suicide  in  whom  life  was  extinguished  in  eight  or  nine' minutes. 
In  but  few  fatal  cases  has  the  duration  exceeded  three-quarters 
of  an  hour,  and  in  most  cases  it  was  less  than  half  an  hour. 
We  find  record  of  but  three  instances  in  which  death  has 
occurred  after  the  patient  has  survived  for  an  hour.  In  one  of 
these  a  woman  died  in  an  hour  and  twenty  minutes  after  having 
taken  half  a  drachm  of  the  Br.  Ph.  acid;*  in  another  a  man  died 
in  an  hour  and  a  half,^  and,  in  a  most  exceptional  case,  a  woman 
of  twenty-three  years  rallied  for  a  time,  but  subsequently  died  in 
three  and  one-half  hours."  The  action  of  oil  of  bitter  almonds 
and  of  potassium  cyanid  is  equally  prompt,  and  deaths  caused  by 
each  in  less  than  ten  minutes  have  been  reported.''  .  But  sur- 


and  Gaz.,    1855,   ii.,    609;    Lancet,  1868,   n.   F.,   ix.,    179— M.,    20,   S., 

1858,   i.,    128.     Hickman:    Lancet,  about    five    minutes.     Quain:    Loc. 

1866,  i.,  310.  cit.—U.,   39,  S.,   ten  minutes.     By 

'Hufeland:  J.   d.   prakt.   Heilk.,  potassium    cyanid:    Casper-Liman: 

1815,  xl.,  1  St.,  85.  "Handb.  d.  ger.  Med.,"   8te  Aufl., 

'"Princ'  and    Pr.    Med.    Jur.,"  ii.,  496— F.,  20,  S.,  "immediately." 

2d  Am.  ed.,  i.,  363.  Valcourt:   Union  m^d.,   1875,   3  s., 

'  Brit.  M.  J.,  1877,  i.,  11.  xx.,    626— boy.    A.,    two    minutes. 

*Garstang:  Lancet,  1888,  ii.,   15.  Haskins:  Boston  M.  and  S.  J.,  1870, 

'Fagge    (Stevenson):     Guy's  Ixxxii.,    21— M.,    ad.    (intoxicated), 

Hosp.  Rep.,  1869,  3  s.,  xiv.,  259.  S.,    four    to    five    minutes.     Frank: 

"Brit.  M.  J.,  1883,  i.,  131.  Loc.    cit.—M.,   21,   S.,   four   to   five 

'By     oil     of     bitter     almonds:  minutes.     Ph.  J.     and     Tr.,     1858, 

Drank:    Vrtljschr.     f.     ger.     Med.,  xvii.,  534,  boy,  A.,  seven  mmutes. 
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vivals  for  an  hour  or  more  and  subsequent  death  by  these  cyanics 
are  of  more  frequent  occurrence  than  with  the  acid  itself.  In- 
stances of  death  caused  by  oil  of  bitter  almonds  in  two  and  a 
half/  three,^  and  fifteen^  hours;  and  by  potassium  cyanid  in 
two/ "  several "  ^  and  twenty-four  °  hours  have  occurred.  The 
duration  of  fatal  poisonings  by  bitter  almonds,  etc.,  is  usually 
longer.  In  one  instance  a  girl  of  five  years  died  in  seventy 
hours  from  eating  a  quantity  of  cherry  kernels.' 

Absorption. — Vapor  of  hydrocyanic  acid  is  very  rapidly  ab- 
sorbed by  the  lungs.'  Both  -the  acid  and  potassium  cyanid  in  so- 
lution are  also  rapidly  absorbed  from  all  surfaces,  even  from  the 
uninjured  skin,^  as  well  as  from  the  eye  when  respiratory  ab- 
sorption is  prevented.^"  Hydrocyanic  acid  and  potassium  ferro- 
cyanid  pass  from  the  maternal  circulaticm  to  the  foetus.'^ 

Method  of  Action. — The  cyanogen  ion  is  toxic  to  all  forms 
of  life,  vegetable  as  well  as  animal,  except  to  certain  fungi.  As 
it  is  poisonous  to  the  plants  producing  the  cyanogenous  gluco- 
sids,^^  some  method  of  disintoxication,  running  parallel  with  that 
of  formation,  must  be  operative,  and  Guerin's^^  view  that  the 
latter  constitutes  an  early  stage  in  the  synthesis  of  proteins  is 
probably  correct. 

Its  action  upon  vertebrates  is  fourfold:  upon  the  blood, 
the  general  processes  of  metabolism,  the  central  nervous  system, 
and  the  heart.  Normal  blood,  treated  with  hydrogen  peroxid  re- 
tains its  color  if  arterial,  and  becomes  bright  red  if  venous,  and 
decomposes  the  peroxid.  But  if  it  contain  a  trace  of  hydrogen 
cyanid,  it  does  not  decompose  a  neutral  solution  of  hydrogen  per- 
oxid, which  changes  its  color  to  brown-red,  brown,  and  yellow, 
and  finally  discharges  the  color.  '*    The  cyanogen  ion  acts  upon  the 

'Armstrong:     Austral.      M.      J.,  '  Sch  wenkenbecher:  Arch.  f. 

1880,  n.  s.,  ii.,  202-3  yr.,  A.  Anat.   u.   Physiol.,  Ph.  Abt.,  1904, 

^[Barclay]   Lancet,    1866,   i.,   255  134.   McKelway:  Am. J.M.Sc,  1905, 

— M.,  57,  S.    Ibid.,  1845,  ii.— JI.,  19,  n.  s.,  cxxix.,  684. 

S.  "Gr^hant:    C.    r.    Soc.  de  bid., 

^Ph.  J.  and  Tr.,   1S63,   n.  s.,  v.,  1S90,   2  s.,  ii.,  64.     Meyer:  Arch.  f. 

282— F.,  60,  A.  exp.  P.  u.  P.,  1S93,  xxxH.,  107. 

*/6id.,lS72,3s.,ii.,14— M.,ad.,  A.  "  Albers    (1S55)     quoted  by  De 

^  Ibid.,    1861,   n.   s.,   ii.,   .53.5 — M.,  Arcangelis:    Riv.    sper.    di  freniat., 

19,  S.  1891,  xvii.,  131. 

'Ibid.,    187;5,   3   s.,   vi.,    235,    239  '"  See  p.  792. 

— M.,  ad.,  S.  13  Rev.    scient.,    1907,   5  s.,  viii., 

'Wahlen:      Upsala      lak.      forh.,  65,106. 

1884,  xix.,  129.  '^-^chonbein:     Ztschr.  f.  Biol,, 

•^  See  note  8,  p.   709.  1867,  iii.,  325. 
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blood  pigment  in  several  different  ways.  It  destroys  its  capacity 
to  yield  up  its  oxygen  to  the  tissues,  or  the  tissues  lose  their  power 
to  take  up  the  oxygen,  thus  causing  an  internal  asphyxia  in  the 
presence  of  abundance  of  oxygen,'  and  rendering  venous  blood 
arterial.  Cyanogen  combines  with  methjemoglobin  to  form  a 
definite  compound,  cyanmethsemoglobin,  while  the  character- 
istic methffimoglobin  band  in  the  red  of  the  spectrum'  disap- 
pears, and  is  replaced  by  an  ill-defined,  broad  band  in  the  green, 
and  the  brown  color  of  the  solution  changes  to  red.^  A  cyan- 
haemoglobin  is  also  known,  which  is,  however,  not  formed  by 
direct  action  of  hydrocyanic  acid  upon  hfemoglobin,  and  also 
a  eyanhaematin,  which  may  be  converted  into  cyanhsemochro- 
mogen  by  reducing  agents.*  Lewin's  observations  do  not  agree 
with  those  of  other  observers;  he  states  that  the  blood  of  animals 
killed  by  hydrocyanic  acid  decomposes  hydrogen  peroxid,  and 
that  its  spectrum  does  not  depart  from  the  normal.^ 

The  effect  upon  the  tissues  and  upon  the  blood  above  re- 
ferred to,  possibly  caused  by  a  paralyzing  influence  upon  the 
oxidative  enzymes,  results  in  a  diminution  of  the  absorption  of 
oxygen  and  of  elimination  of  carbon  dioxid,  indicating  impaired 
oxidation,  accompanied  by  a  diminished  alkalinity  of  the  blood 
and  the  appearance  of  lactic  acid  therein,  and  sometimes  excre- 
tion of  lactic  acid  and  glucose  in  the  urine.® 

The  action  upon  the  nervous  system  consists  of  a  brief  pe- 
riod of  excitation,  followed  by  paralysis,  first  of  the  motor  areas 

'Bernard:  "Subs.  tox.  et  m6d.,"       1902,  liii.,  269;  Casper-Schmidtmann: 
1857,  193.    Geppert:   Ztschr.   f.   kl.       "Handb.  d.  ger.   Med.,"   9te  Aufl., 


,  XV.,  208,  307.     Riohter:  i.,  894.    Richter:  Prag.  med.  Wchn- 

Vrtljschr.  f.  ger.  Med.,  1901,  3  F.,  schr.,    1894,    xix.,    105;    Vrtljschr. 

xxii.,  264.  f.  ger.  Med.,  3  F.,   1901,  xxii.,  264. 

*No.  10,  PI.  ix.,  p.  854,  Vol.  III.  Masoin  and   Verbrugge:   Ann.   Soc. 

'Seep.  823.  de  m^d.  de  Gand,  1896,  Ixxv.,  228. 

*  Hoppe-Seyler:    "Med.-Chem.  Wachholz  and  Sieradzki:  Ztschr.  f. 

Unt.,"  1866,  p.  206.    Preyer:  Virch.  Med.-Beamte,lS97,x.,269.  Haldane: 

Arch.,  1867,  xL,    125;   "Die    Blau-  J.    of    Physiol.,     1900,    xxv.,    230. 

saure,"  1870,  i.,  105.    Belky:  Virch.  Zyenek:  Ztschr.  f.   physiol.   Chem., 

Arch.,    1886,    cvi.,    149.     Kobert:  1901,     xxxiii.,     426.     Ziemke     and 

"Cyanmethaimoglobin,"  1891;  Mtiller:   Arch.   f.   Anat.   u.  physiol., 

Pflug.    Arch.,     1900,    Ixxxii.,     615.  1901,  181.     Marx:     Vrtljschr.  f.  ger. 

ZiUessen:  Ztschr.  f.  physiol.  Chem.,  Med.,  3  F.,  1904,  xxvii.,  300.     Hiller: 

1891,  XV.,    403.    Szigeti:    Vrtljschr.  Diss.,  Rostock,  1905. 

f.  ger.  Med.,  1893,  3  F.,  vi.,  Suplh.,  ^Arch.    f.    exp.    P.    u.  P.,    1908, 

9-    V.  Wyss:   Corr.-Bl.   f.  Schweiz.  Suplbd.,  337. 

A.,    1893,    xxiii.,    257.    Eschbaum:  "Preyer,   Hoppe-Seyler,   Geppert, 

Apoth.  Ztg.,  1894,  ix.,  785.     Wach-  Zillessen,     hoc.    cit.    Gaehtgens: 

holz:  Ztschr.  f.  Med.-Beamte,  1894,  Hoppe-Sevler's  "  Med.-Chem.  Unt.," 

vu.,  53;  Friedreich's  Bl.  f.  ger.  Med.,  1S6S,  325. 
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of  the  cerebral  cortex,  and  lastly  upon  the  respiratory  center. 
With  large  doses  all  centers  are  rapidly  and  simultaneously 
paralyzed.' 

The  action  upon  the  heart  is  partly  through  the  nervous 
system,  and  later  upon  the  heart  itself,  causing  arrest  in  diastole, 
due  to  paralysis,  not  of  the  heart  muscle,  but  of  its  motor  ganglia. 
As  this  effect  follows  that  upon  the  central  nervous  system,  ar- 
rested respiration  may  be  restored  by  prompt  resort  to  artificial 
respiration  if  the  dose  taken  have  not  been  too  large.  ^ 

Potassium  cyanid  is  strongly  alkaline  itself,  and  this  reaction 
is  further  increased  in  the  commercial  article  by  the  presence 
of  the  carbonate  as  an  impurity.  It  therefore  has  a  corrosive 
as  well  as  a  truly  poisonous  action. 

Sjmaptoms.  —  Hydrocyanic  Acid. — By  Inhalation. — Coul- 
lon'  observed  that  "the  odor  of  the  acid  caused  one  to  fall 
unconscious  and  motionless."  Ittner*  suffered  from  "constric- 
tion of  the  chest,  interference  with  respiration,  vertigo,  lassitude, 
and  shuddering"  in  consequence  of  having  inhaled  the  vapor. 
Taylor  relates  the  case  of  a  lady  who  "was  immediately  seized 
with  dizziness,  stupor,  inability  to  stand,  and  faintness"  from 
inhalation  of  the  vapors  produced  by  spilling  a  quantity  of  the 
five-per-cent.  solution  upon  her  dress  while  standing  before  a 
fire.''  A  student,  engaged  in  preparing  the  acid  in  an  appa- 
ratus whose  joints  permitted  the  escape  of  the  vapor,  was  found, 
after  several  hours,  insensible,  with  closed  eyelids,  widely  di- 
lated pupils,  cold  limbs,  and  barely  perceptible  pulse.  The 
muscles  of  the  arms  and  legs  were  firmly  contracted,  the  pa- 
tient was  in  a  condition  of  profound  coma,  but  recovered  after 
several  hours. ° 

Persons  exposed  for  a  number  of  hours  to  an  atmosphere 
charged  with  vapor  of  the  acid  in  relatively  small  proportion 
suffer  for  some  days  from  disturbances  of  vision,  shooting  pains 
in  the  forehead,  pain  in  the  region  of  the  heart,  palpitation, 

'  Preyer:  Loc.  ci<.    Gr^hant:  C.  r.  xxxviii.,  127.    Lazarski:  Med.Jhrb., 

Soc.   de   biol.,    1890,    2   s.,   ii.,   125.  Wien,  1881,  141. 
Conn  and  Ansiaux:  Bull.  Ac.  r.  de  ^"Dissert,  s.  I'ac.  pruss.,"  Paris, 

m^d.  de  Belg.,   1893,  4  s.,  vii.,  942.  1808. 

Hyashi  and  Muto:   Arch.  f.  exp.  P.  *  Med.    Jahrb.    d.   (Est.    Staates, 

u.  P.,  1902,  xlviii.,  365.  1809,  ii.,  4. 

=  Preyer:    Loc.    cit.      Bohm    and  =  "Poisons,"   3d  Am.   ed.,   571. 

Kiue:  Arch.  f.  exp.P.  u.  P.,  1874,  ii.,  "Regnauld:     Ann.     d'hyg.,    etc., 

129.    HarnackandWitkowski:  7fc/d.,  1852,  xlvii.,  455. 
1879,    xi.,  19.     Loewi:    Ihid.,  1896, 
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difficult  respiration,  a  sense  of  constriction  and  irritation  of  the 
throat,  fits  of  weakness  and  somnolency,  fainting  spells,  vertigo, 
cough,  and  attacks  of  suffocation.  Operatives  also  who  are  ex- 
posed to  the  constant  inhalation  of  minute  quantities  of  the  vapor 
develop  a  form  of  chronic  poisoning. ^  In  Mittenzweig's  case 
a  condition  of  pronounced  neurasthenia  resulted. 

By  the  Stomach. — The  action  of  hydrocyanic  acid  when 
taken  by  the  stomach  varies  with  the  magnitude  of  the  dose,  the 
degree  of  concentration  having  little,  if  any,  influence.  When 
taken  in  quantities  above  the  medicinal  dose  but  still  below 
that  capable  of  causing  death  (n^x.  to  xx.  =  0.6  to  1.2  c.c. 
of  the  U.  S.  Ph.  acid),  it  causes  a  sense  of  constriction  of  the 
chest,  a  feeling  of  impending  suffocation,  irritation  of  the  throat, 
a  sense  of  heat  in  the  epigastrium,  dizziness,  impeded  locomotion, 
a  sense  of  constriction  and  heaviness  of  the  head,  and  in  some 
cases  nausea  or  a  craving  for  food.  Salivation  and  ulceration 
of  the  mouth  may  occur.  A  sample  of  blood  exhibits  the  pecu- 
Uarities  due  to  the  formation  of  cyanmethsemoglobin.^ 

When  small  poisonous  doses  are  taken,  the  patient  notices  the 
hot,  bitter  taste  of  the  acid  during  the  act  of  swallowing,  and 
almost  immediately  experiences  a  sense  of  constriction  of  the 
throat.  In  the  course  of  one  or  two  minutes  there  are  severe 
pains  and  pressure  in  the  head,  increasing  vertigo,  progressive 
confusion  of  intellect,  obscuration  of  vision,  and  insensibility, 
with  loss  of  muscular  power.  The  face  is  pale  and  bloated,  the 
finger  nails  are  blue  or  purple,  the  eyes,  prominent  and  glassy, 
are  directed  upward  or  have  a  rolling  motion,  and  the  mouth  is 
marked  with  froth.  The  patient  is  then  seized  with  convulsions 
of  a  tetanic  character,  with  the  jaws^  and  hands  firmly  clenched. 
The  pulse  is  quick,  the  respiration  is  slow  and '  stertorous,  and 
mucous  rales  are  heard  over  the  chest.  Vomiting  is  uncom- 
mon. If  it  occur  it  is  usually  the  beginning  of  recovery.  The 
vomited  matters,  as  well  as  the  breath,  have  the  odor  of  bitter 
almonds.  If  the  case  terminate  in  death  there  are  usually  strong 
tetanic  convulsions,  involuntary  evacuations  of  urine  and  faeces, 

'See   Martius:     Aerztl.    Int.-Bl.,  iv.,48.   Nolan:  J.Am.  M.Asso.,  1908, 

™2,  XIX.,  135.    Martin:  Friedreich's  1.,  365. 

•pi-  f.  ger.  Med.,   1888,   xxxix.,   3.  ^  See  test  S,  p.  823. 

Mittenzweig:     Ztschr.     t.     Med.-  'Tripe:    Brit.    Med.   J.,    1877,   i., 

beamte,    1888,    i.,    97.        Tatham:  11,     has    reported    an    exceptional 

™t.  M.   J.,    1884,   i.,    409.    Korit-  case  in  which  the  mouth  was  wide 

schoner:  Wien.  kl.  Wchnschr.,  1891,  open. 
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and  opisthotonus;  then  succeeds  a  condition  of  general  paralysis, 
and  death  from  asphyxia  follows.  When  recovery  occurs  it 
proceeds  gradually,  the  respiration  slowly  returning  to  the  nor- 
mal condition  within  a  few  hours  and  without  any  further 
complications.  "• 

With  large  doses  subjective  symptoms  may  be  entirely  ab- 
sent. In  less  than  a  minute  consciousness  is  suddenly  lost,  and 
the  patient  falls  to  the  ground  if  standing  or  sitting.  Then 
there  is  usually  a  short  convulsive  seizure,  during  which  in- 
voluntary evacutions  of  urine  and  faeces  frequently  occur. 
After  this  the  patient  lies  perfectly  still,  with  prominent,  glassy 
eyes,  jaws  firmly  clenched,  mouth  covered  with  foam,  face  at 
first  bloated,  afterward  pale  and  sunken,  pupils  dilated  and  in- 
sensible, surface  cold  and  clammy,  and  muscles  completely  re- 
laxed. The  pulse,  at  first  somewhat  more  frequent  than  normal, 
rapidly  becomes  weaker,  until  in  the  later  stages  it  is  impercepti- 
ble. The  respiration  is  spasmodic,  the  inspirations  are  short  and 
immediately  followed  by  a  protracted  and  very  deep  expiration, 
after  which  succeeds  a  pause  of  considerable  duration,  increas- 
ing as  the  case  progresses  to  a  fatal  termination.  Death  occurs 
during  one  of  the  pauses,  the  only  apparent  difference  in  the 
condition  of  the  patient  before  and  after  death  being  that  no 
succeeding  inspiration  occurs.  Recovery  even  from  large  doses 
of  hydrocyanic  acid  is,  when  it  occurs,  rapid  and  complete 
within  a  few  hours." 

The  symptoms  produced  by  oil  of  bitter  almoxds  are  the 
same  as  those  caused  by  prussic  acid  itself,  except  that  the  urine 
contains  excess  of  hippuric  acid.^ 

Potassium  Cyanid. — As  this  salt  is  strongly  alkahne  and 
frequently  contains  a  very  notable  proportion  of  potassium  car- 
bonate, it  produces  local  symptoms  besides  those  of  cyanic  poi- 
soning even  in  cases  of  short  duration.''  The  lips  and  mucous 
membrane  of  the  mouth  are  corroded,  reddened,  and  covered 
with  a  whitish  film,  and  there  is  burning  pain  in  the  throat  and 
stomach,      ^'omiting  occurs  in  cases  which  are  not  rapidly  fatal, 

'  For  a   graphic   account   of   the  -  See     Burman's     and     Shively's 

sensations  during  cyanic  poisoning  cases  above  cited. 

see   Arnold:   Am.   J.   M.    Sc,    1869,  =*  Lesser:   Vrtljschr.  f.  ger.  Med., 

Ivii.,     103.     Also    Nunneley:    Prov.  ISOS,  3  F.,  xv.,  294. 

M.   and   S.    J.,    184.5,  517.     Wilkes:  *  Indian   M.   Gaz.,   1902,   xxxvii., 

Lancet,  1904,  ii.,  10,58.  306,  death  in  6  to  7  min. 
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particularly  if  the  poison  be  taken  with  food  or  into  a  full 
stomach. 

In  non-fatal  cases  recovery  is  much  slower  than  from  hydro- 
cyanic acid.  In  an  exceptional  case  the  patient  gradually  re- 
gained consciousness  on  the  third  day,  and  was  not  discharged 
until  the  eleventh  day  after  the  poisoning.  ^ 

Are  certain  symptoms  and  appearances  necessarily  present 
if  death  has  been  due  to  cyanic  poisoning  ?  The  argument  has 
been  formerly  advanced  that  death  could  not  have  been  due 
to  a  cyanic  poisoning  because  the  conditions  were  such  that  some 
symptom,  alleged  to  be  characteristic,  could  not  have  been 
manifested. 

When  animals  are  poisoned  by  hydrocyanic  acid  the  inspira- 
tions are  deep  and  convulsive,  and  are  accompanied  by  a  loud 
cry.^  In  some  of  the  earlier  trials  for  poisoning  by  this  sub- 
stance the  defense  has  claimed  that  death  was  due  to  other 
causes  because  this  cry  had  not  been  uttered.  In  the  human 
subject  it  is  the  expiration  which  is  convulsively  forcible  and 
deep,  and  we  fail  to  find  in  medical  literature  a  distinct  descrip- 
tion of  such  a  cry  as  is  uttered  by  animals,^  except  in  two  in- 
stances: one  of  these  was  in  a  case,  referred  to  by  Taylor,*  of 
"a  man,  set.  twenty,"  who  "swallowed  about  two  ounces  of 
the  oil  of  bitter  almonds.  A  person  present  saw  him  fall  sud- 
denly while. in  the  act  of  swallowing,  he  made  a  loud  cry,  gave 
one  deep  expiration,  and  died."  Hunt^  reported  the  case  of  a 
child  of  three  years  who  was  poisoned  by  eating  bitter  almonds, 
but  recovered.  "The  mother  said  that  the  child  had  given  a 
cry  when  the  symptoms  began,  but  it  was  difficult  to  determine 
from  her  statement  whether  it  was  the  characteristic  cry  or  not." 

'Med.    chir.     Rundschau,     1867,  1878,     xv.,     57),     Carmichael     (M. 

195,    ex    Friedreich's     Bl.     f.     ger.  Times  and  Gazette,   1865,  i.,   647), 

Med.,  1868,  xix.,  452.  and   Baker   (Brit.   M.   J.,    ISSl,  ii,, 

^Preyer:  Op.  cit.  12)    heard   loud    tracheal   rales   ac- 

'  In  but  few  cases  is  any  noise  companying  the  acts  of  inspiration 

said  to  liave  emanated  from  the  pa-  and    expiration    in    patients    seen 

tient.     In  Hick's  case  (Lancet,  1845,  after   having   taken   potassium   cy- 

1.,  559)  a  "gasping  noise"  was  heard  anid.     In     Bishop's    case     (Lancet, 

at    first,    afterward     a     "moaning  1845,  315)  the  respiration  is  quali- 

noise."     In  Tardieu  and  Roussin's  fied  as  "hissing";  in  one  of  Shap- 

case    (Ann.    d'hyg.,     1868,     2     s.,  leigh's  cases  (Tr.  Coll.  Phys.,  Phila., 

XXIX.,  358)  the  patient  is  described  1869,  n.  s.,  iv.,  291)  a  "loud  mucous 

as  tailing  to  the  ground  "en  pous-  rattle"  was  heard. 
Bant  quelques  cris  sourds. "     Muel-  ''"Poisons,"   3d  Am.  ed.,   585. 

ler-Warnek    (Berl.    kl.    Wchnschr.,  ^  Med.  Times  and  Gaz.,  1878,  i.,  37. 
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In  both  of  these  cases  it  is  quite  possible  that  the  utterance  of 
the  cry  was  a  voluntary  act. 

Although  in  most  cases  of  cyanic  poisoning  there  are  violent 
tetanic  spasms,  many  instances  of  death,  unquestionably  due  to 
this  cause,  have  been  reported  in  which  no  convulsions  oc- 
curred. The  absence  of  convulsions  is  most  frequently  observed 
when  death  follows  rapidly  after  large  doses  have  been  taken.' 
On  the  other  hand,  a  man  who  died  in  a  few  minutes  from  the 
effects  of  a  large  dose  of  potassium  cyanid  had  general  convul- 
sions so  violent  as  to  throw  him  out  of  bed.^  The  fact  that  in 
many  instances  where  the  dead  body  is  found  the  face  bears  a 
calm  and  placid  expression  is  not  positive  proof  that  convulsive 
movements  did  not  occur  previous  to  death. ^  Even  in  the  ab- 
sence of  general  convulsions  the  mouth  is  tightly  closed  and 
opened  with  difficulty  in  most  instances.  Yet  cases  are  not 
wanting  in  which  the  mouth  was  wide  open.*  Usually  the  pu- 
pils are  widely  dilated.  But  Baker^  and  Osthoff"  have  reported 
cases  in  which  they  wei'e  contracted;  Thomson'  a  case  in  which 
they  were  at  first  a  little  contracted,  afterward  dilated;  and 
Armstrong^  one  in  which  the  pupils  became  dilated  only  after 
washing  out  the  stomach,  subsequently  they  became  contracted 
and  again  dilated  about  a  quarter  of  an  hour  before  death. 

Involuntary  evacuations  of  faeces  or  urine  or  of  both  have 
occurred  in  about  one-half  of  the  recorded  cases. 

The  odor  of  prussic  acid,  which  may  be  described  as  that  of 
bitter  almonds  or  of  peach  kernels,  is  almost  invariably  present 
in  the  breath,  and  sometimes  pervades  the  entire  room.    Yet 

•Pooley:    Lancet,    1845,    i.,    559.  'Ware:    Boston    M.    and   S.   J., 

Leithead:      Ibid.,     640.     Taylor:  1856.  Iv.,  387. 

"Pr.   and   Pr.    Med.  Jur.,"  2d  Am.  ^  Haskins:   Boston  M.  and  S.  J., 

ed.,  i.,  363;  Id.,  "Poisons,"  3d  Am.  1870,   Ixxxii.,   21.     Tripe:   Brit.  M. 

ed.,   571,    585.     Sewell:    Boston   M.  Jour.,   1877,  i.,   11.    Ellis:  Lancet, 

and    S.    Jour.,    1S48,    xxxvii.,    322.  1863,  ii.,  447. 

Hickman:    Lancet,     1866,    i.,    310.  =  Brit.  M.  Jour.,   1881,   ii.,    12— 

Thomas:      Ibid.,      1873,     ii.,     522.  M.,   38,   two  handfuls  of  bitter  al- 

Hinds:   M.   Times   and    Gaz.,    1850,  monds,  R. 

n.   s.,   i.,   482.     Harley:    Tr.    Path.  "Friedreich's    Bl.    f.    ger.    Med., 

Soc,      London,      1862,      xiii.,      95.  1881,    xxxii.,    194— M.,    36,    KCX, 

Christison:     Monthly     J.     M.     Sc,  D.  in  fifty  minutes. 

1850,  X.,  97.     Kelly:  Lancet,  1S79,  'Assoc.  M.  Jour.,  1856,  iv.,  1055 

ii.,    831.     Gr^hant:    C.    r.    Soc.    de  — F.,  46,  S.,  oil  bitter  almonds,  D. 

biol.,  1890,  2  s.,  ii.,  125.  in  one  hour. 

^Auer:  Friedreich's  Bl.  f.  ger.  M.,  'Austral.   M.   Jour.,   1880,  n.  s., 

1,S78,  xxix.,  436.  ii.,    202—3    yr.,    A.,    oil   bitter   al- 
monds, D.  in  two  and  a  half  hours. 
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when  very  small  lethal  doses  have  been  taken  it  may  be  absent.' 
The  odor  of  bitter  almonds  is  possessed  by  but  two  other  sub- 
stances: benzoic  aldehyd  (CeH5,C0B[),  which  is  the  chief  con- 
stituent of  oil  of  bitter  almonds,  and  nitrobenzene  (CeHjjNOj). 
The  latter  is  actively  poisonous,  and  although  the  symptoms 
which  it  provokes  in  many  respects  resemble  those  of  cyanic 
poisoning  in  character,  their  course  is  much  less  sudden  in  its 
onset  and  slower  in  development.  Indeed,  poisoning  by  "  arti- 
ficial oil  of  bitter  almonds"  has  been  confounded  with  cyanic 
poisoning.^  The  analytical  characters  of  the  three  substances 
are  quite  distinct. 

Treatment. — Although  in  the  majority  of  cyanic  poison- 
ings the  physician  arrives  too  late  to  be  of  service,  several  in- 
stances of  recovery  under  suitable  treatment  in  apparently 
hopeless  cases  have  been  reported  in  medical  literature.^ 

The  first  indication  is  to  wash  out  the  stomach  as  soon  as 
possible  with  water  containing  either  an  oxidizing  agent,  such 
as  potassium  permanganate  (0.3  per  cent.)'  or  hydrogen  per- 
oxid,^  or  a  mixture  of  ferrous  and  ferric  salts  (ferrous  sulfate, 
or  copperas,  and  ferric  chlorid)."  When  bitter  almondg  or  other 
kernels  containing  amygdalin  have  been  eaten  in  large  quantity, 
an  emetic  of  zinc  sulfate  by  the  mouth  or  of  apomorphin  hypoder- 
mically  should  be  given.  Inhalations  of  chlorin  or  of  ammonia 
have  been  frequently  recommended.  They  do  not  exert  any 
truly  antidotal  action,  and  can  serve  only  as  respiratory  stimu- 
lants. They  are  themselves  dangerous  if  incautiously  used,  and 
are  better  replaced  by  oxygen,^  artificial  respiration,  cold  affusion 
to  the  back  while  the  patient  is  in  a  warm  bath,  or  the  faradic 
current.  Hypodermics  of  ether,  or  camphor  dissolved  in  ether, 
or  strychnin,  or  whisky  are  indicated  to  combat  the  collapse. 

'Taylor:  London  M.   Gaz.,   1845,  Wchnschr.,   1885,  xxii.,   120,     Gilli- 

xxxvi.,    103— M.,    A.,    20    m.,    R.  brand:  Lancet,  1876, ii., 223.  Scholz: 

Lancet,  1845,  ii.,  656— M.,  19,  about  Wien.  med.  Wchnschr.,   1866,  xvi., 

2  grains,  S.,  D.  in  three  hours.  1529,  1548. 

'Maser:  Med.  Rec,  N.  Y.,  1884,  *Kossa:  Therap.  Monatsh.,  1892, 

XXV.,  711.    Pantlen:.Med.  Corr.-Bl.  vi.,     549;     Ung.     Arch.     f.     Med. 

d.  Wurt.  aerz.  Ver.,  1891,  xli.,  129.  1893,   ii.,   12;  CentbL  f.  med.  Wis- 

Niewerth:  Ztschr.  f.   Med.-Beamte,  sensch.,  1894,  xxxi.,  219. 
1907,  XX.,  825.  =Krohl:     Diss.,     Dorpat,      1891; 

'See    Shively's    and     Burman's  Arb.    d.    pharm.    Inst.    z.    Dorpat, 

cases.    Allen:    Int.  M.  Mag.,  Phila.,  1891,  vii.,   153. 

.1»93,  u.,  126.     Ord:    Lancet,   1886,  ''J.    and    J.    H.    Smith:    Lancet, 

''■,1174.    Carmichael:  M.  Times  and  1844,  ii.,  41. 

^az.,  1865,  i.,  647  (prussic  acid  and  "  Loysel:  J.  de.  m^d.  de  Bruxelles, 

chloroform).     Quintin:  Berl.  kl.  1884,  Ixxix.,   193. 
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Atropin  hypodermically  administered  was  considered  by 
Preyer'  as  the  physiological  antidote  of  hydrocyanic  acid,  but, 
although  his  experiments  have  shown  that  animals  already 
under  the  influence  of  atropin  are  more  or  less  protected  from 
the  action  of  hydrocyanic  acid,  the  use  of  atropin  in  cases  of 
poisoning  by  hydrocyanic  acid  does  not  seem  to  be  of  much 
benefit.^ 

The  hypodermic  injection  of  hydrogen  peroxid  has  been 
recommended  by  Krohl,^  with  the  purpose  of  oxidizing  hydro- 
cyanic acid  to  oxamid,  but  the  procedure  is  attended  with  dan- 
ger of  the  production  of  gas  embolism  in  the  lungs,  and  is  not  to 
be  recommended.  Kossa''  has  advocated  the  hypodermic  in- 
jection of  potassium  permanganate  to  oxidize  the  cyanic  poi- 
son to  a  cyanate.  But  while  such  oxidation  may,  and  probably 
does,  occur  in  the  stomach,  it  is  questionable  whether  it  does 
in  the  blood.'  AntaP  recommends  the  subcutaneous  injection 
of  20  to  30  c.c.  of  a  half-per-cent.  solution  of  cobaltous  nitrate 
and  at  the  same  time  the  administration  of  the  same  solution 
per  OS,  or  if  the  patient  cannot  swallow,  by  the  sound,  upon  the 
theory  that  the  comparatively  inert  cobalto-  or  cobalticyanid  is 
produced  even  from  absorbed  cyanids.  Although  this  antidote 
appears  practically  to  fulfill  the  theory  in  cases  which  are  not 
"foudroyant,"  and  in  which  any  antidote  has  time  to  act,  it 
must  not  be  forgotten  that  the  cobalt  salts  are  themselves  toxic,' 
and  it  is  claimed  by  Martin  and  O'Brien^  that  they  offer  no 

i"Die   Blausaure,"    Bonn,   1868,  1870;   Id.,   Arch.   f.   exp.  Path.  u. 

1870.     8ee  also:  Arch.  f.  exp.  Path.  Pharm.,     1875,    iii.,    381.     Tolmatr 

u.  Ph.,  1875,  iii.,  381;  and  Boehm:  scheff:      Hoppe-Seyler,      '•  Med.-ch. 

ibid.,  1874,  ii.,  l'2i).  Unt.,"    1S71,    285.     Wagner:   Diss. 

^For   experiments   upon   animals  Berlin,    1880.     Zillessen:    Ztsch.   f. 

relating  to  the  method  of  action  and  physiol.  Ch.,   1890-91,  xv.,  387. 

treatment    in    hydrocyanic    poison-  '  Arb.  d.  pharm.  Inst,  zu  Dorpat, 

ing    see     Antal:     Ungar.     Arch.     f.  1892,  vii.,  153. 

med.,     1894,     iii.,     117.     Becker:  *  Ungar.   Arch.  f.  Med.,  1893,  ii.. 

Diss.,       Berl.,     1893.       Gaethgens:  12;  1894,  iii.,  57. 

Hoppe-Seyler,   "Med.-chem.  Unt.,"  ■' See  Morphin,  p.  974. 

1868,    325.     Geppert:   Ztsch.   f.    kl.  "Ungar.    Arch.    f.    Med.,  1894, 

Med.,    1888-89,   xv.,   208,   307   (one  iii.,      117.      See     also:     Spenzer: 

plate).     Graant:    Tribune    m^d.,  Cleveland  M.  Gaz.,  1894-5,  x.,  353. 

Paris,  1889,  2  s.,  xxi.,  491;  Id.,  C.  Hubner:  Arch.  int.  de  pharmacod., 

rend.   soc.   d.   biol.,   Paris,    1890,    0  1901,  ix.,  339. 

s.,    xi.,    64.    Hoppe-Seyler:    "Med.-  '  Stuart:  J.  of  Anat.  and  Physiol., 

ch.      Unt.,"       1871,      258.      Knie  1883,  xvii.,  89. 

(Boehm):    Arch.    f.    exp.    Path.    u.  'Intercolon.    M.    J.    of    Austral., 

Pharm.,     1874,     ii.,     129.     Preyer:  1901,    vi.,     245;    Lancet,    1901,  ii., 

"Die     Blausaure,"      Berlin,      18(is,  497. 
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advantage  over  ferrous  sulfate,  whose  toxicity  is  a  negligible 
quantity.  Morphin^  and  alcohoP  have  also  been  suggested  as 
antidotes.  Unfortunately,  sodium  thiosulfate,  while  curative  to 
some  nitrils,^  is  not  so  to  hydrocyanic  acid  or  to  potassium 
cyanid,^  and  the  toxicity  of  the  corresponding  selenosulfate  pre- 
cludes its  use.^ 

Post-mortem  Appearances. — Rigor  mortis  usually  sets  in 
early,  and  persists  sometimes  for  days,  particularly  in  the 
lower  jaw.  As  in  sudden  death  from  any  cause,  putrefaction 
is  rather  more  rapid  than  usual."  The  face  is  usually  placid, 
sometimes  bloated,  the  eyes  are  prominent  and  glassy,  the  pupils 
dilated,  the  mouth  is  more  or  less  covered  with  foam.  The  color 
of  the  livores  (the  post-mortem  discolorations  of  the  skin)  in 
cases  of  rapid  death  from  the  cyanics  departs  from  the  usual 
gray-violet,  or  red- violet,  or  violet,  and  is  light  red,'  and  in  excep- 
tional cases  this  red  coloration  appears  only  some  days  after 
death.'  The  color  of  the  livores  depends  upon  that  of  the  blood, 
which  under  these  circumstances  is  arterial  throughout  from 
the  presence  of  oxyhsemoglobin,  accumulated  in  consequence 
of  the  impeded  oxygenation  of  the  tissues. °  The  red  color  is  also 
in  part  due  to  cyanmethsemoglobin,  and  the  blood  on  spectro- 
scopic examination  shows  the  spectrum  of  cyanmethsemoglobin,  a 
single  band  similar  to  that  of  (reduced)  haemoglobin,  but  somewhat 

'Heim:  Miinch.  med.  Wchnschr.,  Nicoletti    (Riv.    sper.    di    freniat., 

1896,  xliii.,  861.    Heymans  and  Van  1887,    xiii.,    med.    leg.,    26)    states 

de  Calseyde:  Bull.  Ac.  r.  de  m^d.  de  that  potassium  cyanid  in  sufficiently 

Belg.,  1901,  4  s.,  XV.,  31.     Thornton  concentrated  solution  causes  mum- 

and  Holder:  Ther.  Gaz.,  1898,  3  s.,  mifioation    of    the   tissues   by   pro- 

XIV.,  11.  longed  contact. 

=  Hunt:   Amer.    Med.,    1904,  vii.,  'Pantlen:     Med.     Corr.-Bl.     d. 

789.  Wiirt.  aerztl.   Ver.,  1891,  xli.,  129. 

'Seep.  117.  Strecker:    Ztschr.   f.    Med.-Beamte, 

'Heymans  and  Masoin:  Bull.  Ac.  1892,  v.,  211.     Lesser:    Vrtljsohr.  f. 

r.  de  m4d.  de  Belg.,  1896,  4  s.,  x.,  ger.  Med.,  1898,  3  F.,  xv.,  290;  xvi., 

470;  Arch.  int.  de  pharmacod.,  1897,  97.    Richter:  Ihid.,  1901,  3  F.,  xxii., 

111.,  359;   Ann.    de   I'Inst.   Pasteur,  264.     Niewerth:    Ztschr.    f.     Med.- 

1897,xi.,160.  Walkow:  Aroh.int.de  Beamte,    1907,    xx.,    830.     MuUer: 

pharmacod.,   1898,  iv.,   311.    Mori-  Ihid.,  p.  37. 

™™a:  Ihid.,  1900,  vii.,  273.  Meurice:  «  Richter  {hoc.  cit.)  points  out  that 

mC  P'  ^^'    Heymans:  Wien.  med.  the     ordinary    violet    livores    may 

?M      ■''■'  ^^^^'  '•'  2^09-  become  light  red  by  the  action   of 

JVleunce:  Arch.  int.  de  pharma-  cold,    and    does   not   consider   their 

'^™-' 1906,  xvi.,  468.  color    to    be    indicative    of    cyanic 

According     to     Brame     (C.     r.  poisoning  unless  all  are  light  red. 

AC.  be,  1881,    xcii.,    426),    hydro-  «  See  p.  806  and  Carbon  Monoxid, 

cyamc   acid   preserves    the  ■  bodies  p.  1129. 
ot  ammals  killed    by   large   doses. 
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more  faint  and  somewhat  broader. '  But  when  death  does  not 
result  promptly,  it  is  due  to  asphyxia,  and  the  blood  then  has  the 
characteristics  indicative  of  that  cause,  the  veins  everywhere 
being  distended  with  dark  blood,  usually  entirely  fluid,  but 
sometimes  containing  small  flocculent  coagula.  The  left  ven- 
tricle of  the  heart  is  usually  firmly  contracted  and  empty,  the 
right  heart  full  of  dark,  uncoagulated  blood.  The  larynx  and 
trachea  contain  a  bloody  foam,  and  the  lungs  are  highly  congested. 
The  stomach  frequently  presents  no  abnormal  appearance,  and 
may  be  paler  than  usual,  but  usually  it  is  red  from  the  presence 
of  cyanhaematin,  and  inflamed,  either  over  its  entire  extent  or  in 
patches,  and  its  blood  vessels  are  filled  with  fluid  blood.  This  is 
particularly  marked  when  potassium  cyanid  has  been  taken, 
when  the  injection  extends  to  the  duodenum,  and  ecchymoses 
are  frequently  present.^  One  of  the  most  distinctive  characters 
is  the  odor  of  bitter  almonds  or  peach  kernels.  This  may  fre- 
quently be  observed  before  any  incision  is  made,  sometimes  only 
on  opening  the  abdomen,  the  stomach,  the  pericardium,  or  the 
cranial  cavity.  In  some  cases  of  undoubted  cyanic  poisoning 
this  odor  has  not  been  detected,  and  it  is  also  present  after 
death  from  nitrobenzene.  The  inconstancy  of  the  presence  of 
the  odor  is  well  shown  by  two  of  Lesser's  cases'  in  which  a 
man  poisoned  his  child  and  himself  at  the  same  time  with  po- 
tassium cyanid;  both  died  in  a  few  minutes;  the  two  autopsies 
were  made  at  the  same  time,  three  days  after  death;  no  odor  was 
detected  in  the  cadaver  of  the  man,  while  all  the  organs  of  the 
child  smelled  strongly  of  hydrocyanic  acid.  Mittenzweig*  has 
reported  an  extreme  case  in  which  the  cyanic  vapor  given  off 
from  a  cadaver  during  an  autopsy  lasting  three  hours  was  suffi- 
ciently abundant  to  cause  the  serious  poisoning  of  the  operator. 
Analysis. — Owing  to  the  great  volatility  and  instability  of 
hydrocyanic  acid,  the  probability  of  its  detection  in  the  cadaver 
diminishes  rapidly  as  time  elapses,  particularly  if  the  conditions 
favoring  putrefaction  obtain.  The  analysis,  therefore,  should  be 
made  as  soon  as  practicable  after   death.     Not  only  is  hydro- 

'  See  tests  5,  6,  7,  pp.  823,  824.      x.,  f.  3;  PI.  xiv.,  f.  1;  PI.  xv.,  f.  3; 
Also:     Riohter:     Vrtljschr.     f.     ger.      PI.  xviii.,  ff.  8,  9,  10. 
Med.,  1901,  3  F.,  xxii.,  264.  =■  Vrtljschr.    f.    ger.    Med.,    1S98, 

^  For   colored    plates    see    Lesser:       3  F.,  xv.,  290. 
"Atl.    d.    ger.    Med.,"    PI.    ix.;    PI.  *  Ztschr.    f.    Med.-Beamte,    1888, 

(i),  101. 
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cyanic  acid  converted  into  thiocyanic  acid  durinu-  life,  but  it  also 
condenses  with  the  carbohydrates,  and,  during  putrefaction, 
is  hydrolyzed  to  ammonium  formate,  and  by  these  means  it 
escapes  detection.  The  statement  of  Ganassini'  that  this  poison 
is  practically  undetectable  in  viscera  is,  however,  controverted 
by  numerous  instances  in  which  its  presence  has  been  demon- 
strated weeks  after  death.  Thus  Reichardt  has  detected  it  after 
eight  weeks  of  putrefaction,^  and  Ludwig  after  four  months 
in  a  body  which  had  been  desiccated  by  lying  in  a  cellar  for  one 
hundred  and  fifteen  days  at  temperatures  varying  from  8°  to 
10°  C.  (46.4°  to  50°  F.).^  In  eight  cases  of  death  from  potas- 
sium cyanid  examined  by  Fagerlund,*  affirmative  results  were 
obtained  after  two,  eight,  ten,  thirteen,  and  sixteen  days  (during 
the  winter  in  Finland  in  the  last  two),  and  in  three  instances 
the  results  were  negative  after  nine,  twenty-seven,  and  twenty- 
eight  days.  Jollyman^  detected  the  acid  in  the  stomach  con- 
tents of  a  human  cadaver  six  months  after  death.  Struve "  de- 
detected  hydrocyanic  acid  by  distillation  in  putrefied  meat  to 
which  potassium  cyanid  had  been  added  18  months  before. 

After  death  from  cyanic  poisoning  hydrocyanic  acid  has 
been  detected  and  quantitatively  estimated  not  onh'  in  the 
stomach  contents,  but  also  in  the  blood,  liver,  spleen,  and  brain. 
In  the  kidneys  and  muscular  tissue  it  is  present  only  in  traces  or 
is  absent,  and  it  does  not  appear  in  the  urine.'  The  quantity 
remaining  in  the  body  after  death  may  be  quite  considerable, 
particularly  when  death  has  been  caused  rapidly  by  potassium 
cyanid  or  by  oil  of  bitter  almonds.  Thus  in  a  case  in  which 
death  by  potassium  cyanid  followed  the  ingestion  in  four  to  five 
minutes,  0.2  gm.  (3.2  grains)  of  anhydrous  acid  were  obtained 
on  analysis,  and  in  another  case,  reported  by  v.  Hofmann,'  7.24 
gra.  of  potassium  cyanid,  corresponding  to  3 . 2  gm.  (49 . 4  gr.)  of 

'Chem.  Centbl.,   1905,   ii.,   1037.  ^  lUd.,    1894,    3    F.,    viii.,    Sup- 
See  also:   de   Domenicis:    Ihid.,  p.  plhft.,  85. 

265.    Schumacher:  Ztschr.  f.  Unt.  d.  *  Chem.  Ztg.,  1905,  xxix.,  350. 

Nahr.- u.  Gen.-Mit.,  1902,  v.,  1099.  "Ztschr.    f.    anal.    Chem.,    1873, 

Brame:  C.  r.  Ac.  sc,  1881,  xcii.,  426.  xii.,  19. 

bokoloff:  Berichte,  Berl.,  1875,  ^iii.,  '  Bischoff:  Berichte,  Berlin,  1SS3, 

434.    Calvi  and  Malacarne:    Giorn.  xvi.,     1354.      Robert      ("  Intoxika- 

tarm.  chim.,  1907,  Ivi.,  5.  tionen,"  2te  Aufl.,  850)  states  that 

.'Arch.  f.   Pharm.,    1881,    3    R.,  he    detected    it    in    the  urine   only 

'"^■^  204.  once.     See  also:   Borone:   Giorn.  d. 

,_Zillner:  Vrtljschr.  f.  ger.  Med.,  r.  Ac.  di  med.  di  Torino,  1904,  4  s., 

1881,  n.  F.,  XXXV.,  193.  x.,  658. 
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hydrocyanic  acid  were  obtained  from  the  cadaver.  In  another 
case  in  which  death  from  oil  of  bitter  almonds  followed  in  a  few 
minutes,  0.4967  gm.  (7.68  grains)  were  separated.'  In^  a  case 
of  death  in  a  few  minutes  from  oil  of  bitter  almonds,  Redwood 
found  2 .  268  gm.  (35  grains)  of  anhydrous  acid  in  the  ten  drachms 
of  stomach  contents.^ 

If  any  of  the  vegetable  products  containing  amygdahn,  or 
other  cyanogenous  glucosid,  be  present  in  the  food  and  remain 
in  the  stomach  contents  after  death,  they  will  yield  hydrocyanic 
acid  on  analysis.  The  quantity,  however,  will  be  proportionate  to 
that  of  the  amygdaloid  vegetable  taken,  and  if  this  be  sufficient 
to  furnish  any  notable  quantity  of  prussic  acid,  the  death  will 
have  been  due  to  cyanic  poisoning  quite  as  truly  as  if  hydrocyanic 
acid  had  been  taken.  A  microscopic  examination  of  the  stomach 
contents  will  also  reveal  the  presence  of  the  vegetable  tissues. 

In  a  systematic  analysis  for  all  poisons  hydrocyanic  acid 
would  appear,  if  present,  either  free  or  in  combination,  except  as 
mercuric  eyanid,  in  the  first  distillates  obtained  in  the  search  for 
volatile  poisons  (see  page  153),  to  which  the  tests  described  below 
may  be  apphed.  This  method  should  not  be  followed,  however, 
when  the  circumstances  point  clearly  to  cyanic  poisoning,  as 
metallocyanids,  such  as  the  thiocyanates  normally  present  in 
the  body,  and  potassium  ferrocyanid  may  yield  free  hydrocyanic 
acid  on  distillation  with  a  mineral  acid.  The  clinical  history  of  a 
cyanic  poisoning,  the  odor  of  the  poison  in  most  cases  observable, 
and  the  appearance  of  the  blood  are  usually  sufficiently  marked 
to  warrant  a  special  examination  for  cyanic  poisons  and  their 
distinction  and  separation  from  non-poisonous  or  normal  cyano- 
gen compounds,  and  this  is  particularly  necessary  in  view  of  the 
existence  of  a  thiocyanate  in  the  saliva,  gastric  juice,  urine,  milk, 
etc.,^  and  the  frequent  presence  of  ferrocyanid  as  an  impurity  of 
potassium  eyanid. 

A  preliminary  examination  of  a  portion  of  the  material  is 
therefore  necessary  to  determine  whether  double  cyanids  are 
present  or  not.     To  this  end  a  portion  of  the  material,  liquefied 

'Frank:  Vrtljschr.  f.  ger.  Med.,  Horrocks:  Australas.  M.  Gaz., 
1S6S,   n.   F.,   ix.,    183.  1898,  xvii.,  25. 

n'h.  J.  and  Tr.,   18,56,  xv.,  377.  "See    Bruylants:    J.    d.    Pharm., 

See  also:  Ludwig  and  Mauthner:  1888,  5  s.,  xviii.,  104,  153;  abst. 
Wien.    med.    Bl.,    1880,    iii.,   1110.      J.    Ch.    Soc,    London,    1888,    liv., 

1324. 
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with  water  if  necessary,  is  dialyzed,  and  the  dialyzate  is  concen- 
trated by  evaporation  and  divided  into  two  parts,  both  of  which 
are  slightly  acidulated  with  hydrochloric  acid,  and  ferric  chlorid 
solution  is  added  to  one.  If  a  ferrocyanid  be  present  a  deep  blue 
precipitate  (Prussian  blue)  will  be  formed,  and  if  a  thiocyanate 
be  present  the  liquid  will  assume  a  deep  red  color,  which  is 
discharged  on  addition  of  mercuric  chlorid  solution  (see  Me- 
conic  Acid).  To  the  other  portion  of  the  concentrated  dialyzate, 
sodium  acetate  and  then  cupric  sulfate  solution  are  added,  when, 
it  a  ferrocyanid  be  present,  a  red-brown  precipitate  or  color  is 
produced. 

Occasionally  the  cyanids  of  mercury,  gold,  or  silver  must  be 
taken  into  account.  Mercuric  cyanid  is  a  mercurial  rather  than 
a  cyanic  poison. '  Special  methods,  necessary  when  it  is  supposed 
to  be  present,  have  been  previously  described  in  part.  To  ex- 
amine the  filtrate  from  Rose  and  Finkener's  method^  it  is  treated 
with  silver  nitrate  solution,  and  then  with  dilute  sulfuric  acid  in 
excess.  The  precipitate  is  partly  washed  by  decantation,  then 
heated  with  silver  nitrate  solution  (to  remove  zinc  cyanid  possi- 
bly present),  collected  upon  a  filter,  washed,  and  further  treated 
as  directed  on  p.  780.  Of  the  three  distillates  obtained  in  follow- 
ing the  Vitali  method  as  described  at  p.  781,  A  will  contain 
hydrocyanic  acid  originally  existing  as  such,  B  that  derived  from 
the  decomposition  of  potassium  cyanid,  etc.,  and  C  that  similarly 
representing  mercuric  cyanid.  To  these  severally  nitric  acid  is 
added  in  excess,  and  then  silver  nitrate  solution,  and  the  pre- 
cipitated silver  cyanid  is  treated  as  directed  on  p.  820.  The 
cyanids  of  silver  and  gold  are  only  of  interest  when  a  silvering 
or  gilding  solution,  which  always  contains  potassium  cyanid 
also,  has  been  taken.  In  that  event  the  quantitative  relations 
of  the  hydrocyanic  acid  found  in  the  distillate  and  the  silver  or 
gold  and  potassium  determined  in  the  residue  will  permit  of 
proper  distribution  of  the  acid. 

Two  conditions  are  possible:  either.  A,  the  prehminary  ex- 
amination has  shown  the  absence  of  double  cyanids;  or,  B,  they 
are  present. 

A.  In  the  absence  of  double  cyanids.  The  apparatus  used 
is^  the  same  as  that  shown  in  Fig.  2  (p.  154)  except  that  the 
Liebig's  condenser  is  to  be  connected  by  an  air-tight  joint  with 
'See  p.  740.  ^ See  p.  781. 
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a  small  tubulated  receiver,  from  the  tubulus  of  which  a  tube 
bent  twice  at  suitable  angles  is  in  air-tight  communication  with 
one  limb  of  a  bulbed  U-tube.  About  20  c.c.  of  a  strong  solution 
of  silver  nitrate  are  placed  in  the  receiver  and  U-tube.  The 
apparatus  having  been  mounted,  the  flask  A  is  disconnected, 
charged  with  the  substances  to  be  examined  and  sufficient  aque- 
ous solution  of  tartaric  acid  to  render  the  whole  distinctly  acid, 
and  immediately  replaced.  After  a  slow  current  of  carbon  dioxid 
has  been  established  through  the  apparatus,  the  flask  A,  which 
has  in  the  meantime  been  brought  into  an  oil  or  paraffin  bath, 
is  gradually  heated  and  the  distillation  continued  so  long  as  the 
drops  of  distillate  falling  into  the  silver  solution  produce  any 
precipitation. 

B.  //  double  cyanids  are  present.  The  same  apparatus  (with 
the  addition  of  a  thermometer)  and  process  are  used  as  in  A,  but 
in  place  of  tartaric  acid  solution,  sodium  bicarbonate  solution 
is  added  to  alkaline  reaction,  and  the  temperature  in  the  flask  is 
not  allowed  to  exceed  60°  (140°  F.),  at  which  carbon  dioxid  de- 
composes potassium  cyanid,  but  not  the  ferrocyanid.* 

Whether  A  or  B  has  been  followed,  the  hydrocyanic  acid  is 
quantitatively  determined  by  collecting  the  silver  cyanid  from 
the  receiver  and  U-tube  upon  a  weighed  filter,  washing,  dry- 
ing at  100°  (212°  F.),  and  weighing.  The  last  weight  obtained, 
minus  the  weight  of  the  filter,  and  multiplied  by  0.20194,  gives 
the  weight  of  hydrocyanic  acid  (HCN)  in  the  amount  of  material 
distilled.^ 

If  the  precipitate  of  silver  cyanid  be  not  perfectly  white,  sil- 
ver sulfid,  resulting  from  the  liberation  of  hydrogen  sulfid,  is 
probably  present,  or  metallic  silver  in  the  presence  of  reducing 
agents.  In  that  event  the  silver  cyanid  is  dissolved  from  the 
filter  with  ammonium  hydroxid,  the  filter  and  remaining  silver 
and  silver  sulfid  are  dried  at  100°  (212°  F.),  weighed,  and  this 
weight  is  used  in  the  above  calculation  in  place  of  that  of  the 
empty  filter.  The  silver  cyanid  is  regained  from  the  ammoniacal 
solution  by  addition  of  dilute  nitric  acid  to  faintly  acid  reaction, 

'  See   Jacquemin:   Ann.   d.   chim.  known    quantities    of    hydrocyanic 

et   de   phys.,    1876,    5   s.,    iv.,    135.  acid  are  added  to  oi-ganic  mixtures, 

Otto:     "Ausmitt.     d.     Gifte,"     6te  the   whole   of   the   acid   cannot  be 

Aufl.,  34.  recovered,  because  of  the  reactions 

^Quantitative  determinations  above  referred  to  which  it  undergoes, 
are  rarely  possible,  and  even  when 
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collection  and  washing  of  the  precipitate,  which  is  then  treated 
as  below. 

Having  determined  the  quantity,  the  filter  with  its  adherent 
precipitate  is  placed  in  a  flask,  moistened  with  water,  and  treated 
with  a  quantity  of  decinormal  hydrochloric  acid  solution  such 
that  0.74  c.c.  of  decinormal  acid  solution  (containing  3.64  gm. 
HCl  in  1,000  c.c.)  is  added  for  every  0.01  gm.  of  silver  cyanid 
found;  the  flask  is  then  immediately  corked,  strongly  agitated, 
and  set  aside  until  the  precipitate  of  silver  chlorid  has  subsided. 
The  clear  Uquid,  decanted  through  a  small  filter,  is  subjected 
to  the  following  tests : 

1.  Prussian  Blue  Test.^ — Render  a  portion  of  the  distillate 
alkaline  with  dilute  caustic  potash  solution,  add  a  few  drops  of 
K  solution  of  ferrous  sulfate  which  has  become  yellow  by  ex- 
posure to  air,  agitate,  and  let  stand  ten  minutes.  In  the  pres- 
ence of  a  sufficient  quantity  of  hydrocyanic  acid  a  dirty  greenish 
precipitate  will  have  formed.  Now  add  hydrochloric  acid  in 
slight  excess,  warm  slightly,  and,  having  noted  whether  any  blue 
or  green  color  is  immediately  formed,  examine  again  after  several 
hours'  standing.  In  the  presence  of  small  quantities  of  hydro- 
cyanic acid  the  liquid  is  colored  green,  and  only  deposits  Prus- 
sian blue  after  long  standing;  with  larger  quantities  the  liquid 
is  colored  blue,  and  immediately,  or  after  a  short  time,  deposits 
a  flocculent,  dark  blue  precipitate,  while  the  color  of  the  liquid 
gradually  changes  to  yellow.  The  test  is  not  to  be  considered 
affirmative  unless  a  precipitate  is  produced,  either  immediately 
or  after  standing. 

According  to  Link  and  Meckel,^  the  test  is  doubtful  with 
dilutions  beyond  1:50,000;  according  to  Wormley,^  it  is  sensitive 
up  to  a  dilution  of  1 :  25,000. 

2.  Thiocyanate  Test^ — Place  a  portion  of  the  distillate  in  a 
porcelain  capsule,  add  a  few  drops  of  a  dilute  solution  of  sodium 
hydroxid  and  a  few  drops  of  a  dilute  solution  of  yellow  ammo- 
nium sulfid;  evaporate  to  dryness  over  the  water-bath;  add  water; 
acidulate  with  hydrochloric  acid  and  then  add  two  or  three 
drops  of  dilute  ferric  chlorid  solution.  If  the  Hquid  contained 
hydrocyanic  acid  it  will  have  been  converted  by  this  treatment 

'Ittner,  1809.  '"Micro-Chem.    of   Poisons,"    2d 

'Zeitsch.  f.  an.  Ch.,  1878,  xvii.,      ed.,  183. 
*55.  "Liebig,  1847. 
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into  sodium  thiocyanate,  which,  with  the  ferric  salt,  gives  a  red 
color,  which  is^ discharged  on  addition  of  mercuric  chlorid  solution. 
Link  and  MockeP  consider  this  the  most  delicate  of  the  tests 
for  hydrocyanic  acid,  and  place  its  limit  at  1:4,000,000.  Worm- 
ley,'  on  the  other  hand,  places  its  delicacy  as  equal  to  that  of  the 
Prussian  blue  reaction:  1:25,000. 

3.  Guaiac  Test.^ — Moisten  a  piece  of  filter-paper  with  a 
freshly  prepared  three-per-cent.  alcoholic  solution  of  guaiac,  or 
very  dilute  alcoholic  solution  of  guaiaconic  acid,  dry,  moisten 
with  a  drop  of  a  0.05-per-cent.  solution  of  cupric  sulfate,  and 
then  with  a  drop  or  two  of  the  suspected  solution.  In  the 
presence  of  hydrocyanic  acid  a  beautiful  blue  color  is  produced. 
With  very  concentrated  solutions  the  blue  color  is  produced  by 
mere  exposure  to' the  vapor  which  they  emit;  with  highly  dilute 
solutions  a  larger  quantity  of  the  suspected  liquid  is  to  be 
brought  upon  the  paper  bj-  slow  dropping  from  a  pipette.  The 
paper  may  be  used  as  a  preliminary  test,  and  possibly  may  be 
useful  to  distinguish  whether  the  odor  of  bitter  almonds  in  the 
breath  is  due  to  a  cyanic  poison  or  to  nitrobenzene,  although  it 
did  not  prove  of  value  in  that  manner  in  the  hands  of  Bellini.' 

Although  this  reaction,  when  used  with  solutions,  is  very  deli- 
cate, its  limits  being  placed  by  Link  and  Mockel*  at  1:3,000,000, 
it  is-  only  of  confirmative  value,  as  it  is  produced  by  am- 
monia, volatile  ammoniacal  compounds,  by  hydrochloric  acid, 
tobacco  smoke,^  ozone,  chlorin,  and  oxidizing  agents  in  general, 
as  well  as  by  hydrocyanic  acid." 

4.  Nitroprussid  Test.'' — Add  a  few  drops  of  potassium  ni- 
trite solution  to  a  portion  of  the  distillate,  then  two  to  four  drops 
of  ferric  chlorid  solution,  and,  finally,  sufficient  dilute  sulfuric 
acid  to  cause  the  brown-yellow  color  to  just  turn  to  hght  yellow; 
heat  to  incipient  boiling,  cool,  add  a  few  drops  of  ammonium 
hydroxid  solution,  filter,  and  add  to  the  filtrate  a  drop  or  two  of 
a   very   dilute    colorless    ammonium    hydrosulfid    solution.    If 


'  Loc.  cit.  minating   gas   contain  hydrocyanic 

^  Schonbein,  1868.  acid. 

'Speriment.,        Firenze,        1S76,  "See  Hilger  and  Tamba:  Mitth. 

xxxviii.,  313,  a.  d.  ph.  Inst.  u.  Lab.  f.  ane.  Ch. 

*  Loc.  cit.  d.   Univ.   Erlangen,   1889,   Hft.  ii., 

^  According  to  Vogel  (Sitzber.  d.  286. 
Ak.     d.     Wissensch.     z.     Munchen,  '  Vortmann:    Ztsch.    f.    an.    Ch., 

1884,  286),  tobacco  smoke  and  illu-  1SS7,  xxvi.,  642. 
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hydrocyanic  acid  was  present  in  the  original  liquid  a  fine  violet 
color  is  produced,  which  passes  into  blue  in  a  few  minutes,  then 
into  green,  and  finally  to  yellow.  With  very  small  quantities 
the  color  is  at  first  bluish- green,  soon  passing  to  greenish- 
yellow.  The  hmit  of  the  reaction  is  placed  at  a  dilution  of 
1:312,500. 

,5.  Methcemoglobin  Test.^ — Human  or  mammalian  blood  is 
diluted  with  distilled  water  to  a  one  to  four-per-eent.  solution, 
filtered,  and  shaken  with  a  very  minute  crystal  of  jjotassium  ferri- 
ryanid  only  until  the  red  color  has  changed  to  yellow,  when  it  is 
poured  off  from  the  undissolved  salt.  The  solution  is  placed  in 
a  cell  with  parallel  sides  and  a  portion  of  the  neutralized  distil- 
late^ floated  upon  its  surface:  the  yellow  color  of  the  lower 
solution  changes  from  yellow  to  a  beautiful  bright  red.  The 
cell  is  best  placed  in  position  for  spectroscopic  examination  and 
the  spectrum  observed  before  and  during  the  reaction:  at  first 
the  methsemoglobin  band  in  the  red  is  observed,^  this  disap- 
pears as  the  red  color  appears,  as  the  cyanmethsemoglobin 
which  is  formed  does  not  possess  it.  According  to  Robert,*  the 
spectrum  of  cyanmethsemoglobin  is  very  similar  to  that  of  (re- 
duced) haemoglobin.  But  Richter  in  two  cases  failed  to  observe 
any  distinctive  cyanmethaemoglobin  band.' 

This  test  may  be  used  during  the  lifetime  of  the  patient  to 
establish  a  positive  diagnosis.  For  this  purpose  samples  of 
blood  are  taken  (by  slight  puncture  of  the  finger  tip  with  a 
needle  and  subsequent  pressure)  from  the  patient  and  from 
some  healthy  person,  and  received  in  test-tubes  containing  dis- 
tilled water  in  such  quantity  that  the  two  liquids  are  of  equal 
intensity  of  color.  To  each  a  freshly  prepared  one-per-cent.  so- 
lution of  potassium  ferricyanid  is  added  drop  by  drop.  On 
shaking  the  normal  blood  it  immediately  becomes  brown  and 
shows  the  methasmoglobin  band,  while  if  the  blood  contain  hydro- 
cyanic acid  in  not  too  small  amount  it  remains  red  with  the 
same  or  even  a  somewhat  greater  quantity  of  ferricyanid,  and 
only  exhibits  the  cyanmethsemoglobin  spectrum. 

,'Kobert:  "Ueber  Cyanmethamo-  methaemoglobin  solution  neutral  or 

globin,^  etc.,  Stuttgart,   1891,  also  at  most  very  faintly  acid. 

,,™»kationen,"    518.     See    also:  'See  spectrum  10,  Plate  ix.,   p. 

Wachholz:  Friedreich's   Bl.   f.   ger.  854,  Vol.  III. 

Med    1902,  liii.,  273.  *  Op.  cit.,  p.  193. 

<ihe   reaction    of    either    liquid  =  Prag.     med.     Wchnschr.,    1894, 

must  not  be  alkaline,  that  of  the  xix.,  105,  120,  132. 
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6.  Normal  blood  has  the  property  of  reducing  itself  with 
time,  which  does  not  occur  if  the  blood  contain  hydrocyanic 
acid.  If  two  samples  of  blood,  one  from  the  person  supposed  to 
have  been  poisoned  (taken  during  life  or  shortly  after  death  and 
not  exposed  to  the  air)  and  one  from  a  healthy  human  being,  be 
so  far  diluted  with  distilled  water  as  to  form  one-per-cent.  solu- 
tions, placed  in  air-tight  cells  with  parallel  walls  and  examined 
with  the  spectroscope,  both  will  show  the  oxyhaemoglobin  bands. 
The  two  cells  are  then  set  in  a  warm  place  in  the  dark  and  their 
color  and  spectra  observed  from  time  to  time.  In  from  six  to 
twenty-four  hours  the  normal  blood  becomes  darker  and  the 
oxyhaemoglobin  spectrum  is  replaced  by  that  of  (reduced)  haemo- 
globin.' If  the  blood  contain  hydrocyanic  acid  it  remains  bright 
red  and  still  shows  the  oxyhaemoglobin  bands. ^ 

7.  Hydrogen  Peroxid.^ — Two  cells  are  prepared  with  one- 
per-cent.  solutions  of  blood  as  in  No.  6,  and  dilute,  neutral  solu- 
tion of  hydrogen  peroxid  is  carefuUy  added  to  each  in  equal 
amounts.  If  the  blood  contain  hydrocyanic  acid  the  color 
changes  from  red  to  brown-red,  brown,  yellow,  and  finally  be- 
comes colorless.  At  the  same  time  the  oxyhaemoglobin  bands 
disappear  and  the  methaemoglobin  band  appears,  and  this  finally 
vanishes  also  without  the  appearance  of  any  further  band.  In 
the  absence  of  prussic  acid,  blood  decomposes  hydrogen  peroxid, 
but  retains  its  own  color  and  continues  to  exhibit  the  spectrum 
of  oxyhaemoglobin. 

It  is  essential  to  the  success  of  the  reaction  that  the  hydrogen 
peroxid  used  shall  be  strictly  neutral  and  that  it  shall  not  be 
added  in  too  large  amount,  else  solutions  of  normal  blood  will 
undergo  the  changes  described. 

Like  the  methaemoglobin  test,  this  reaction  may  be  applied 
during  the  life  of  the  patient,  if  a  spectroscope  and  the  reagent 
be  available. 

S.  Silver  Nitrate  Test. — In  the  process  of  separation  above 
described  this-  reaction  is  utilized.  When  applied  per  se  it  con- 
sists of  the  formation  of  a  white,  curdy  precipitate  on  the  addi- 
tion of  a  slight  excess  of  nitric  acid  and  silver  nitrate  solution. 
The  precipitate  is  soluble  in  solutions  of  ammonium  hydroxid 

'  Spectrum  No.  5,  PL  ix.,  p.  854,      K.  b.   Ak.  d.   Wissensch.  zu  Mun- 
Vol.  III.  Chen,  1868,  ii.,  591. 

^See    also    Buchner:    Sitzber.    d.  'Schonbein:     Zeitschr.    f.     Biol., 

1867,  iii.,  325. 
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and  of  alkaline  cyanids,  and  thiosulfates.  It  dissolves  in  hot 
nitric  acid,  but  deposits  on  cooling.  Its  solutions  in  concen- 
trated ammonium  hydroxid  deposit  crystalline  needles  on  evapo- 
ration.' When  dry  silver  cyanid  is  heated  in  a  reduction  tube 
with  a  little  iodin,  crystalline  needles  of  cyanogen  iodid  sublime. 

9.  Phenolphthaleln  Test? — If  an  alkaline  solution  of  phenol- 
phthalin  (triphenylmethane-o-carboxylic  acid)  and  a  solution  of 
cupric  sulfate  (1 : 2,000)  be  added  to  a  solution  containing  hydro- 
cyanic acid,  in  the  cold,  the  carboxylic  acid  is  converted  into  its 
lactone,  phenolphthalein,  which,  in  alkaline  reaction,  produces 
a  red  color.     Delicacy,  1 :  500,000. 

Other  tests  have  been  suggested:  With  starch  and  potas- 
sium iodid  (Schonbein);  with  cupric  sulfate  alone  (Lassaigne); 
with  picric  acid  (Braun);  with  cobaltous  chlorid  (Braun);  with 
mercurous  oxid  (Henry  and  Humbert),  and  with  uranic  nitrate 
(C.  Lea).  These  are,  however,  all  inferior  to  those  given  above, 
which  are  sufficient  to  characterize  hydrocyanic  acid  with 
certainty. 

OXALIC  ACID  AND  OXALATES. 

The  salt  obtained  by  the  evaporation  of  the  juice  of  Oxalis 
acetosella,  and  now  called  salt  of  sorrel  or  binoxalate  of  pot- 
ash, was  known  as  early  as  the  middle  of  the  seventeenth  cen- 
tury, as  Duclos  makes  mention  of  it  in  the  Memoirs  of  the  Acad- 
emy for  1668.  A  century  later  (1773)  oxalic  acid  was  obtained 
from  this  salt  by  Savary.  Subsequently  Scheele  showed  the 
oxalic  acid  obtained  from  sorrel  to  be  indentical  with  the  acid 
of  sugar  obtained  by  Bergmann  in  1776  by  the  action  of  nitric 
acid  on  sugar.' 

Oxalic  Acid — CjO^Hj,  2Aq. — 125.7 — is  prepared  indus- 
trially by  the  action  of  nitric  acid  upon  sugar  or  starch,  or  by 
the  action  of  an  alkaline  hydroxid  in  fusion  upon  sawdust.  It 
crystallizes  in  transparent  prisms,  which  effloresce  on  exposure 
to  air  and  lose  their  Aq.,  slowly  but  completely,  at  100°  (212° 
F.)  or  in  a  dry  vacuum.     It  fuses  at  98°  (208.4°  F.)  and  be- 

'  Silver  chlorid,  which  resembles  ^  Bergmann's  "Essays,"   Cullen's 

the  cyanid   in   appearance   and   in  Transl.,     London,     178S,     i.,     305. 

solubility  in  ammonium  hydroxid,  Scheele:     "Werke,"     Ed.     Hermb- 

crystallizes  in  octahedra.  stadt,    Berlin,   1793,  ii.,   369. 
.   '  Weehuizen:  Chem,  Centbl.,  1905, 
1.,  1191. 
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tween  110°  and  132°  (230°  to  269.6°  F.)  it  partly  sublimes  in  the 
■  anhydrous-  form  and  is  partly  decomposed.  At  a  higher  tempera^ 
ture  it  is  completely  decomposed  into  water  and  the  two  oxids 
of  carbon,  or  into  carbon  dioxid  and  formic  acid.  It  dissolves 
in  15.5  parts  of  water  at  10°  (50°  F.),  and  is  quite  soluble  in 
alcohol.     Its  solutions  are  strongly  acid  in  taste  and  reaction. 

Oxalic  acid  is  extensively  used  in  the  arts  in  dyeing  and 
calico  printing,  for  cleaning  leather,  in  straw  bleaching,  etc., 
and  in  the  household  for  whitening  woodwork,  scouring  brass 
and  copper,  removing  ink  stains  from  fabrics,  and  in  the  com- 
position of  certain  "liquid  blues." 

MoNOPOTASsic  Oxalate — KHCjO^ — 127.82 — also  known  as 
hydropotassic  oxalate,  or  binoxalate  of  potash,  exists  in  the  juices 
of  many  acid  plants,  such  as  sorrel  and  rhubarb,  and  in  many 
other  vegetables.  The  essential  'salt  of  lemon  or  salt  of  sorrel 
used  in  the  household  for  the  removal  of  ink  or  fruit  stains 
from  clothing,  etc.,  and  in  straw  bleaching,  is  a  mixture  of  this 
salt  with  the  "  quadroxalate,"  KHCzO^,  Il2C204  +  2Aq.  It 
is  a  white,  crystalline  salt,  closely  resembling  Epsom  salt  in 
appearance,  and  very  soluble  in  water,  forming  an  acid  solution; 
but  insoluble  in  alcohol. 

Calcium  Oxalate,  CaCoO^ — 127.69 — is  a  white,  crystaUine 
powder,  soluble  in  the  presence  of  sufficient  mineral  acid,  but 
insoluble  in  water,  in  alkaline  solutions,  or  in  those  owing  their 
acidity  to  acetic  acid.  This  salt  is  a  normal  constituent  in 
small  amount  (about  0.02  gm.  =yt  grain  in  twenty-four  hours) 
of  the  urine,  in  which  it  is  held  in  solution  by  the  acid  phos- 
phates. Under  certain  conditions  it  is  increased  in  amount 
(oxaluria)  and  is  deposited  from  the  urine  on  standing  in  "let- 
ter-envelope" or  "dumb-bell"  crystals,  sometimes  in  relatively 
large  octahedra.  Occasionally  it  forms  vesical  calculi  (mul- 
berry calculus).  Monopotassic  and  calcic  oxalates  occur  in 
sorrel,  spinach,  tomatoes,  asparagus,  tea,  rhubarb  (pie-plant), 
belladonna,  many  fungi,  both  edible  and  toxic,  and  a  number  of 
other  plants,  including  moulds  and  bacteria.  In  the  plant-cells, 
notably  of  the  leaves,  the  calcic  salt  frequently  forms  well-defined 
crystals,  called  raphides. 

Statistics    and    Origin.— The    earliest    case    of    oxalic-acid 
poisoning  of  which  we  find  record  occurred  in  England  in  1814,' 
•  Royston:  London  M.  S.  and  Phys.  Reposit.,  1814,  i.,  3S2. 
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and  five  other  cases  occurred  in  the  same  count rj-  during  the 
years  1815-19.'  Among  these  are  the  earhest  of  the  great 
number  of  instances  in  whicli  the  acid  was  taken  or  dispensed  in 
mistake  for  Epsom  salt. 

Poisoning  by  oxalic  acid  and  the  oxalates  is  of  very  rare 
occurrence  in  France,  while  in  Germany  and  the  United  States 
several  cases  occur  annually.  Briand^  gives  a  table  of  280 
poisonings  in  France  from  1825  to  1857;  Flandin^  one  of  200  cases, 
in  the  years  1841  to  1844;  and  Tardieu'*  one  of  79.3  criminal 
poisonings  1851  to  1871.  No  case  of  oxalic  acid  or  oxalate  poi- 
soning is  mentioned  in  any  of  these  tables.  In  England  the  fre- 
quency of  oxalic  poisonings  has  increased  in  recent  years.  The 
Pharmaceutical  Journal  in  the  single  year  1908  reports  81 
coroners'  inquests  in  cases  of  death  from  oxalic  acid  and  potas- 
sium binoxalate,  of  which  70  were  suicidal.  According  to  Tay- 
lor,^ there  were  527  poisonings,  in  which  the  nature  of  the  poison 
was  known,  during  the  years  1837-38,  of  which  19,  or  3.6  per 
cent.,  were  by  oxalic  acid.  According  to  the  Reports  of  the 
Register-General  of  Great  Britain,  there  were  in  the  year  1840  138 
suicides  by  poison,  of  which  2  were  by  oxalic  acid;  and  during  the 
years  1863  to  1867,  453  suicides  by  identified  poisons,  of  which 
58,  or  12.8  per  cent.,  were  by  oxalic  acid.  During  the  same 
years  (1863-67)  the  total  identified  poisonings  numbered  1,625, 
of  which  66,  or  4.06  per  cent.,  were  by  oxalic  acid.  In  the  years 
1871-80,  of  1,000  suicides  by  poison  in  England  and  Wales  159, 
or  15.9  per  cent.,  chose  oxalic  acid.  Lesser  reports  the  statistics 
of  poisonings  treated  in  the  large  Berlin  hospitals  in  1876-78. 
The  total  number  was  432,  and  19,  or  4.4  per  cent.,  were  by 
oxalic  poisons.'  Munzer'  gives  abstracts  of  the  appearances 
observed  in  13  autopsies  after  death  by  oxalic  poisoning  made  in 
Berlin  in  1885-86.  The  reports  of  the  New  York  City  Board  of 
Health  from  1866  to  1880  refer  to  16  oxalic  poisonings  in  a  total 
of  872. 

The  explanation  of  the  relative  frequency  of  oxahc  poisoning 
in  England  and  America  and  its  rarity  in  France  is  undoubtedly 

'Roberts:   Ibid.,   1815,   iii.,    380.  ^  «Xr.  des  poisons,"  1846,  p.  449. 

Johnson:    Ibid.,     1816,     vi.,     474.  *"  Etude    .     .     .    sur  I'empois.," 

Smith:  Ibid.,   1819,   xii.,    18.     Wil-  2eme  ed.,  164. 

liams:  Ibid.,  1819,  xi.,  20.     Cooper:  =  "Poisons,"  3d  Am.  ed.,  176 

Tracts  on  Med.  Jur."  (1818),  449.  "  "  Atl.  d.  ger.  Med.,"  p.  1. 

'"Man.  d.  m6d.  16s.,"  6eme  ed.,  'Diss.,  Berlin,  1887. 
1858,  p.  414. 
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in  the  common  domestic  use  of  oxalic  acid  and  salt  of  sorrel  as  a 
cleansing  agent  in  the  former,  and  the  non-prevalence  of  such 
use  in  the  latter.  The  great  majority  of  oxalic  poisonings  have 
been  either  accidental,  from  mistaking  the  acid  or  its  potassium 
salt  for  Epsom  salt  or  for  other  medicine,  or  suicidal;  and  a 
great  proportion  of  the  cases  have  occurred  in  domestic  ser- 
vants. A  child  was  killed  by  an  enema  of  oxalic  acid,  given  in 
mistake  for  boric  acid.'  In  five  instances  death  has  been  caused 
by  eating  a  large  quantity  of  sorrel  {Rumex  acetosa)?  In  one 
case  a  woman  died  in  three  days  from  oxalic  acid  used  in  mak- 
ing a  "lemonade."^  In  one  case  a  woman  took  an  ounce  of 
oxalic  acid  in  an  unsuccessful  attempt  to  produce  abortion.* 
Of  242  cases  which  we  find  reported  in  medical  literature  pre- 
vious to  1910,^  134  were  suicides,  of  whom  82  were  women,  and 
55  were  accidental.  In  one  instance  a  discharged  servant  took 
an  ounce  of  the  acid  in  a  pint  of  whisky,  more  to  annoy  her 
mistress  than  to  destroy  herself;®  in  another  it  was  not  deter- 
minable whether  a  woman  had  committed  suicide  or  had  been 
poisoned  by  her  husband.'  The  earliest  of  twelve  British 
cases  in  which  a  homicidal  intent  was  alleged  was  in  a  trial 
for  assault  in  1827,  referred  to  by  Christison,  in  which  it  was 
shown  that  the  defendant  had  previously  attempted  to  poison 
his  wife  with  oxalic  acid  in  gin.*  Taylor'  also  incidentally  al- 
ludes to  a  trial  for  murder  by  oxalic  acid  which  took  place  in  1832. 
The  same  author  refers  to  the  case  of  Reg.  v.  Dickman,  in  1845.'° 
Two  cases  are  reported  in  1857,  one,  that  of  Reg.  v.  Cochrane,"  in 
which  there  was  strong  evidence  that  a  woman  had  poisoned 

'rilippi:LoSperim.,1905,lix.,133.  'White:  Boston  M.  and  S.  Jour., 

^Suckling:  Lancet,  1886,  ii.,  227.  1870,  Ixxxii.,  57. 

Also  edit.,  Ibid.,  i.,  1229,  M.  S.,  D.  in  «  Erdtmann:  Med.  Rec,  1896,  1., 

CO.  30 hours.  Flemyng:  Lancet,  1896,  461. 

i.,  1642,  two  cases  F.  6J  and  5  years,  *  The  small  proportion  of  cases  so 

D.  in  18  and  20  hours.     Eichhorst:  reported  is  evidenced  by  the  fact 

Deut.  med.  Wchnschr.,  1899,  xxv.,  that  159  suicides  by  oxalic  poisons 

449,   M.    12,  D.  in  9  d.     Also  non-  occurred  in  ten  years  in  England, 

fatal  cases:  Schweizer:  Deut.    med.  and  that  not  one  of  the  81  cases 

Ztg.,     1902,     xxiii.,     825.    Baroux:  referred  to  on  p.  827  is  elsewhere 

Gaz.  d.  hop.,  1901,  Ixxiv.,  725,  nine  mentioned  in  medical  literature, 

cases.      Schulthess:     Corr.-Bl.     f.  i*  Dabbs:  Brit.  M.  Jour.,  1886,  i., 

Schweiz.  Aerzte,  1903,  xxxiii.,  617.  442. 

Michels:    Virch.-Hirsch   Jbt.,    1870,  '  Lancet,  1839-40,  ii.,  29. 

i.,  515,   fatal  poisoning  of  a  horse.  *  "Poisons,"  Amer.  ed.,  167. 

Yet  Lewin  (Deut.  med.  Wchnschr.,  "  "Poisons,"  2d  ed.,  310. 

1899,    XXV.,    485)    expresses    doubt  i°  "Poisons,"  3d  Am.  ed.,  224. 

of  the  toxicity  of  sorrel.  "  Ibid. 


OXALIC  ACID LETHAL    DOSE.  829 

her  two  children,  aged  four  and  six  years.  The  other  was  that 
of  a  woman  who  attempted  to  destroy  herself  and  child.  The 
latter  recovered,  but  the  woman  was  found  dead.'  Two  years 
later  the  result  was  the  reverse  in  another  case:^  an  infant  of 
twelve  days  succumbed;  its  mother  recovered  and  was  sentenced 
to  fifteen  years'  penal  servitude.  A  suspected  homicide  in  the 
same  year  is  reported  by  Skinner.'  In  1862  a  woman  was  tried 
for  the  murder  of  her  father  by  repeated  administration  of  salt 
of  sorrel.  The  verdict  of  "not  proven"  was  found,  as,  although 
it  was  shown  that  she  had  administered  the  poison,  an  interval 
of  fifteen  days  elapsed  between  her  last  opportunity  to  do  so  and 
the  fatal  termination.*  In  1866  a  woman  was  convicted  of  at- 
tempting to  forcibly  administer  oxalic  acid  in  solution  to  her  six- 
year-old  daughter.^  In  1869  a  coroner's  jury  found  a  verdict 
of  "willful  murder"  against  a  woman  who  had  destroyed  her 
child  and  attempted  suicide  with  salt  of  lemon. ^  In  1872  a 
woman  in  Liverpool  was  charged  with  attempting  to  poison  her 
brother  with  oxalic  acid.'  In  1877  an  alleged  attempt  to  poison 
with  salt  of  lemon  was  the  subject  of  a  trial  resulting  in  ac- 
quittal.* In  a  German  case  a  man  killed  his  bride  by  cutting 
her  throat,  having  previously  either  administered  to  her  or  wit- 
nessed her  taking  a  quantity  of  potassium  quadroxalate,  and 
after  her  death  made  a  feint  at  suicide  with  the  same  salt.' 

Lethal  Dose. — It  would  appear  from  an  examination  of  the 
reported  cases  in  which  the  dose  taken  is  numerically  stated, 
that  the  most  dangerous  quantity  is  from  15  to  30  gm.  (half  an 
ounce  to  an  ounce),  and  that  quantities  in  excess  of  these  are 
less  liable  to  cause  death.  Thus  of  49  cases  in  which  the  quan- 
tity taken  was  numerically  reported  it  was  15.5  gm.  (^5)  in  14 
cases,  with  6  deaths;  1  ounce  (30  gm.)  was  taken  in  18  cases, 
with  8   deaths;    while    in    the    3    instances    in    which    greater 

'Ph.  J.  and   Tr.,  1857-58,   xvii.,  "Ph.  J.  and  Tr.,   1869-70,  n.  s. 

384.  xi.,  369. 

.'  Reg.  V.  Marg.  Macdonald,  1859,  '  Case  of  Jane  Sutton,  Ibid.,  1872, 

Littlejohn:  Edinb.  M.  Jour.,   1861,  3   s.,   ii.,    675.     We   find   no   refer- 

™'i  13.  ence  to  the  further  disposal  of  either 

Brit.    M.    Jour.,    1860,    i.,    107,  of  these  two  cases. 
1»6.    See   also    Thudichum:    Ibid.,  ^  Ibid.,  1877-78,  3  s.,  viii.,  37. 

1**»M27.  "  Casper-Liman:  "Handb.  d.  ger. 

Reg.  V.  Mary  Struth,   Conway:  Med.,"   8te  Aufl.,   ii.,   543.     In  the 

5  p  ■  ^-  "^°"''-'  1862,  viii.,  93.  same   place   are   reports   of   several 

Reg.    V.    Morris,    Taylor:     Loc.  other  cases  which  contain  no  allu- 

'>  ^'^^-  sion  to  motive. 
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quantities  were  taken  (39,  46.5,  and  62.2  gm.)  the  persons  re- 
covered.' It  would  seem,  therefore,  that,  owing  to  the  early 
vomiting  provoked  by  the  poison  itself,  excessive  doses  are  less 
liable  to  prove  fatal  than  smaller  toxic  quantities.  Yet  in  some 
cases  in  which  death  has  occurred  shortly  after  the  ingestion  the 
dose  was  probably  large,  although  the  amount  is  not  definitely 
stated  in  the  reports.^  The  smallest  quantity  which  has  been 
alleged  to  have  proved  fatal  was  about  4  gm.  (J  of  gss.),  which 
is  said  to  have  caused  the  death  of  a  boy  of  sixteen  years. ^ 
Double  that  amount  (two  drachms  =  7. 8  gm.)  proved  fatal  in 
3  instances.'' 

Duration. — The  duration  of  a  case  of  oxalic  poisoning  is 
usually  short  if  it  terminate  in  death,  but  in  a  certain  class  of 
cases  the  victim  dies,  usually  suddenly,  after  an  illness  of  from 
2  to  14  days.  Of  86  fatal  cases  78  lasted  less  than  24  hours; 
in  12  the  victim  was  found  dead,  in  8  death  occurred  "soon,"  in 
7  in  less  than  10  minutes,  in  19  in  from  10  to  30  minutes,  in  11 
in  from  one-half  to  1  hour,  in  3  in  2  hours,  in  2  in  3  hours,  in 

1  in  4  hours,  in  2  in  5  hours,  in  2  in  6  hours,  in  2  in  9  hours, 
in  1  in  10  hours,  in  3  in  13  hours,  and  in  1  in  21  hours.  Of 
the  18  cases  of  longer  duration,  3  died  in  36  hours,  2  in  2  days, 

2  in  3  days,  4  in  5  days,  1  in  6  days,  1  in  7  days,  1  in  8  days, 
2  in  10  days,  and  1  in  14  days.  The  most  rapidly  fatal  case  was 
that  of  a  woman  of  43  years  who  took  from  one  to  two  ounces 
(31-62  gm.)  of  the  acid,  and  died  without  pain  and  in  collapse 
in  3  minutes.  "The  stomach  was  rotten"  and  contained  altered 
blood. ^  In  one  of  Munzer's  cases,  also  a  female  suicide  of  37 
j^ears,  death  occurred  in  5  minutes.^  In  3  instances  the  dura- 
tion was  about  10  minutes.''  The  most  protracted  case  was 
one  of  the  earliest  reported:  that  of  a  man  who  took  half  an 
ounce  (15.5  gm.)  of  the  acid  in  mistake  for  Epsom  salt.    He 

■Wharton     and     Still^:     "Med.  M.,  47,  S.   Ph.  J.  and  Tr.,  1877-78, 

Jur.,"     1st    ed.,    496— F.,     A.,     H  3     s.,     viii.,     1016— M.,     ad.,     S. 

drachms.     Johnson    (Silk):     Brit.  Cooper:  Lancet,  1883,  i.,  406. 

M.  Jour.,  1881,  i.,  640— M.,  30,  S.,  =  Ogilvie :•  Lancet,   1845,  ii.,  205. 

oiss.     Tapson:   London   M.    Gaz.,  ^  Ov.  cit,  p.  24,  Fall  11. 

1842,  xxxi.,  491— F.,  50,  S.,  5ij.  '  Herapath:     Med.     Times     and 

MVood:  Monthly  J.  M.  Sc,  1852,  Gaz.,    1868,    ii.,    456— F.,    ad.,   S., 

xiv.,    227.     Lesser:    "Atl.    d.    ger.  5vi.    (23    gm.).     Reincke:   Pharm. 

Med.,"  i.,  46,  49.  Ztg.,     1882,    xxvii.,    757— M.,    ad. 

=  Barker:  Assoc.  M.  J.,  1S55,  ii.,  Lesser:  "Atl.  d.  ger.  Med.,"  i.,  46, 

1073;  Lancet,  Dec.  1st,  1855.  49— F.,  38,  S.,  a  large  dose  of  salt 

*  Bayley:  Lancet,  1883,  i.,  406 —  of  sorrel  on  an  empty  stomach. 
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appeared  to  improve,  but  later  became  delirious  and  died  in  14 
days  after  the  accident.'  Another  man  fell  a  victim  to  the  same 
mistake  after  hngering  for  10  days.  The  dose  was  one  ounce 
(31  gm.).'  In  one  of  the  few  French  cases  a  woman  of  74  years 
died  from  the  effects  of  oxalic  acid  in  8  days,  with  symptoms 
resembhng  those  of  cholera.' 

Two  cases  are  reported  of  suicide  by  oxalic  acid  and  phos- 
phorus, in  both  of  which  death  by  the  acid  occurred  before  there 
was  time  for  the  development  of  phosphoric  symptoms."' 

Method  of  Action. — Oxalic  acid  acts  both  as  a  corrosive  and 
as  a  poison,  and  its  soluble  salts  are  no  less  toxic  than  the  acid 
itself.  The  action  of  absorbed  oxalates  depends  in  great  part 
upon  the  removal  of  calcium  compounds  by  the  formation  of . 
the  insoluble  calcium  oxalate,  and  the  local  action  of  the  quasi- 
foreign  material  so  produced.  As  the  calcium  salts  play  an 
important  part  in  the  coagulation  of  the  blood, ''  that  phe- 
nomenon is  hindered,  although  not  entirely  prevented  in  oxalic 
poisoning.'  The  acid  diminishes  the  alkahnity  of  the  blood. 
According  to  Wohler,'  Kobert  and  Kiissner,*  Gagiio,"  Pohl, '"  Wie- 
ner," and  Faust,'^  it  is  not  oxidized  in  the  economy,  with  formation 
of  carbonates,  as  are  the  other  vegetable  acids,  tartaric,  citric,  and 
mahc,  while  Piotrowsky  and  Buchheim,''  Giunti,'''  Marfori,'' 
Frankel,'^  Hildebrandt,'^  Lommel,'*  Salkowski,'"  Stradomski,-"' 

'Fraser:    Edinb.    M.    and    S.    J.,  "  Vietinghoff-Scheel:     Arch.     int. 

1818,   xiv.,    260.     Benjamin's    case  de  pharmacod.,  1901,  viii.,  22.5. 

of  pyloric  stenosis  and  death  in  four  '  Ztschr.     f.     Physiol.,     1824,     i., 

weeks  (note  8,  p.  836)  is  not  here  125. 

considered.  «  Virch.     Arch.,     1879,     Ixxviii., 

''Jackson:     Boston    M.    and    S.  209. 

Jour.,  1844,  XXX.,  17.  '  Arch.  f.  exp.  P.  u.  P.,  1887,  xxii., 

^Montagnon:   Lyon   m6d.,    1886,  235. 

li.,  45.  i»  Ibid.,  1896,  xxxvii.,  413. 

*  Miiller:    Pharm.    Jhrbt.,     1874,  "  Ibid.,  1899,  xlii.,  379. 

475,    death    in    3    hours.     Lesser:  ^^  Ibid.,  1900,  xliv.,  217. 

Vrtljschr.  f.  ger.  Med.,  1898,  3  F.,  "  Arch.   f.   physioL  Heilk.,  1857, 

xvi.,  66,  70;   Atl.  d.  ger.  Med.,  Ite  n.  F.,  i.,  124. 

Abt.,  140.  li  Virch.  Jbt.,  1897,  i.,  369. 

'  Green:  J.  of  Physiol.,  1887,  viii.,  "^  Ibid. 

354.  Ringer  and  Sainsbury:   Ibid.,  "Pharm.  Post,  1900,  xxxiii.,  109. 

1890,    xi.,    369;    1891,    xii.,     170.  "  Zts.    f.    physioL    Chem.,    1902, 

Hammarsten:    Ztschr.    f.    physioL  xxxv.,  141. 

Chem.,  1896-7,  xxii.,  333.    Arthus  '«  Deut.   Arch.  f.  kl.  Med.,  1899, 

and  Pag^s:  Arch,  de  physioL,  1890,  Ixiii.,  600. 

xxu.,    739.     Arthus:   Thfese,   Paris,  '"  Berl.     kl.     Wchnschr.,     1900, 

1890.    Loeb:    Virch.    Arch.,    1903,  xxxvii.,     434;     Ztschr.     f.    physiol. 

clxxiii.,    50.    Januschke:    Arch.    f.  Chem.,  1902,  xxxv.,  495. 

exp.  P.  u.  P.,  1909,  Ixi.,'  363.  ""  Virch.  Arch.,  1901,  olxm.,  404. 
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Autenrieth  and  Barth/  Klemperer  and  Tritschler,'  Backhoven' 
and  Luzzatto^  claim  that  it  is  so  oxidized  more  or  less  com- 
pletely. The  theory  of  Onsum/  that  the  cause  of  death  in  ox- 
alic poisoning  is  the  formation  of  thrombi  of  fibrinous  material 
containing  crystals  of  calcium  oxalate  in  the  pulmonary  arteries, 
has  been  controverted  by  Cyon.°  Oxalic  acid,  even  in  the  form  of 
its  neutral  salts,  causes  diminution  of  the  oxidations  of  the  econ- 
omy, as  is  evidenced  by  a  subnormal  temperature,  and  the  fall  of 
the  carbon  dioxid  content  of  the  blood  to  one-half  of  the  normal,' 
and  other  disturbances  of  metabolism,  involving  the  production  of 
indicanuria,*  and  the  appearance  in  the  urine  of  a  reducing  sub- 
stance which  is  not  sugar,  as  it  neither  ferments  nor  is  optically 
active,  and  which  may  be  a  conjugate  compound  of  glucuronic 
acid.'  The  blood  does  not  contain  carbon  monoxid,^"  which  is  an 
oxidation  product  of  oxalic  acid,  although  a  bright  red  color 
of  the  blood  has  been  observed."  The  red  corpuscles  are  de- 
stroyed by  oxalic  acid,  with  the  consequent  production  of  fatty 
degeneration  in  various  organs.'- 

The  withdrawal  of  calcium  salts  impedes  the  coagulation  of 
muscle  plasma,  as  well  as  that  of  the  blood.  Oxalates  behave  as 
muscular  poisons,  depressing  the  activitj'  of  the  muscle,  increas- 
ing the  duration  of  the  contraction  and  of  the  latent  period,  and 
diminishing  the  force  of  the  contraction.  By  continued  action 
there  is  loss  of  irritability  of  the  muscle  to  electrical  stimulation, 
preceded  by  violent  tetanic  contractions.  The  irritability  is 
partly  restored  by  calcium  salts.     The  same  depressing  action 

'  Ztschr.  f.  physiol.  Chem.,   1902,  Scheel:  hoc.  cit.    Scholtz :  Ztschr.  f . 

XXXV.,  327.  physiol.  Chem.,  1903,  xxxviii.,  513. 

^  Ztschr.  f.  kl.  Med.,   1902,  xliv.,  »  Kobert   and   Kiissner:  Loc.  cit. 

337.  Sarganeck:   Diss.   Berhn,   1883; 

Ubt.  f.  Thierchem,  1902,  xxxii.,  Schmidt's    Jhrb.,     1884,    ccii.,    18. 

362.                                       •  Meyer    and     Feitelberg:     Loc.    cit. 

■'Ztschr.  f.  physiol.  Chem.,  1902-  Xeuberg:    Diss.,     Berlin,    1887. 

3,  xxxvii.,  225.  Schaffer:   Munch,  med.  Wchnschr., 

=  Virch.  Arch.,  1863,  xxviii.,  233.  1889,  xxxvi.,  391.    Corbey:  Loc.  cil. 

Almfin:    Upsala    Liik.   Forh.,   1868,  Vietinghoff-Scheel:  Loc.  cit. 

Ixxxviii.,  265.  '»  Corbey:  Loc.  cit. 

"Arch.  f.  .\nat.  u.  Physiol.,  1866,  "  Rabuteau:   C.   r.   Soc.  de  bid., 

196.  1S7-1,  65.,  i.,  59.    Schmeichel:  Fried- 

'  Meyer  and  Feitelberg:   .\reh.   f.  reich's  Bl.  f.  ger.  Med.,  1882,  xxxiii., 

exp.    P.    u.    P.,    1883,    xvii.,    304.  121.     Gamier:  Ann.  d'hyg.,  1907, 4 

Harnack:  Ztschr.  f.  physiol.  Chem.,  s.,  vii.,  164. 

1900,  xxix.,  205.    Corbey:  Arch.  int.  "  Munk    and    Leyden:    Bed.  kl. 

de  pharmacod.,  1902,  x.,  293.  Wchnschr.,  1864,  i.,  482. 

'  Harnack:  Loc.  cit.     Vietinghoff- 
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is  exerted  upon  the  heart  muscle,  causing  diminution  of  blood 
pressure.'  The  oxalates  first  excite  the  bulbar  nervous  centers 
strongly,  and  later  cause  complete  paralysis  of  all  nerve  centers.^ 
The  calcium  oxalate  formed  is  deposited  in  the  convoluted  tubes 
and  interstitial  tissue  of  the  kidneys,  causing  nephritis  and 
oliguria  or  anuria.^  Crystalline  deposits  of  calcium  oxalate  have 
also  been  obtained  from  the  blood,  bile,  aqueous  humor,  and  pleu- 
ral and  pericardial  fluids.^  Zdarek^  found  oxalic  acid  to  be  the 
most  abundant  solid  constituent  of  the  fluid  of  a  pancreatic  cyst, 
0.1085  gm.  in  100  c.c.  BrouardeP  cites  a  case  in  which  it  was 
found  in  a  gastric  ulcer.  In  chronic  oxalic  poisoning  a  condition 
similar  to  rachitis  is  produced  by  loss  of  calcium  from  bone.' 
Neutral  oxalates  administered  by  the  mouth  to  birds  or  to  dogs 
fed  on  bones,  are  non-toxic  because  of  formation  of  calcium 
oxalate.*  Oxalic  acid  is  formed  in  the  animal  economy  as  a 
normal  product  of  metabolism,  possibly  by  oxidation  of  uric  acid, 
with  oxaluric  acid  as  an  intermediate  product."     It  also  results 


■  Koch:  Arch.  f.  exp.  P.  u.  P., 
1881,  xiv.,  153.  Neuberg:  Diss., 
Dorpat,  1883.  Ringer:  Practitioner, 
1885,  xxxiv.,  81.  Arthus  and  Pages: 
Loc.  cit.  Loew:  Mtlnch.  med.  Wchn- 
schr.,  1892,  xxxix.,  570.  Cavazzani: 
Arch.  ital.  de  bid.,  1892-3,  xviii., 
156.  Howell  and  Eaton:  J.  of 
Physiol,  1893,  xiv.,  219.  Howell: 
Ibid.,  1895,  XVI.,  476.  Locke:  Ibid., 
1894,  XV.,  119.     Corbey:  Loc.  cit. 

'Koch:  Diss.,  Dorpat,  1879. 
Cavazzani;  Kobert  and  Kussner; 
Corbey:  Loc.  cit. 

'Alm^n;  Kobert  and  Kussner; 
Vietinghoff-Scheel;  Corbey:  Loc.  cit. 
Frankel:  Ztschr.  f.  kl.  Med.,  1881, 
11.,  664.  Lesser:  Virch.  Arch.,  1881, 
Ixxxiii.,  218.  Murset:  Arch.  f.  exp. 
P-  u.  P.,  1885,  xix.,  310.  Russo- 
Gihberti:  Ztschr.  f.  anal.  Chem., 
1889,  xxviii.,  760  (abs.).  Neu- 
berger:  Arch.  f.  exp.  P.  u.  P.,  1890, 
xxvii.,  39.  White:  Tr.  Path.  Soc, 
London,  1896,  xlvii.,  312.  Antog- 
nini:  Giorn.  di  med.  leg.,  1897,  iv., 
168.  Kobert:  Centbl.  f.  inn.  Med., 
1902,  xxiii.,  1137.  Filippi:  Lo  Sper., 
1905,  hx.,  133. 

'  Vietinghoii-Scheel ;  Antognini : 
^oc  CT(.  Salkowski:  Pflfig.  Arch., 
1»5  v.,  335;  Berl.  kl.  Wchnschr., 
1900,  xxxvii.,  434. 
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=  Wien.  kl.  Wchnschr.,  1899,  xii., 
767. 

"Ann.  d'hyg.,  1894,  3  s.,  xxxii., 
334. 

'  Caspari:  Diss.,  Berlin,  1S95. 

*Uppmann:  AUg.  med.  Cent.- 
Ztg.,  1877,  xlvi.,  609.  Pteiffer: 
Arch.  d.  Pharm  1878,  3  R.,  xiii., 
544.  Krohl:  Arb.  d.  pharm.  Inst, 
zu  Dorpat,  1891,  vii.,  130.  Vieting- 
hoff-Scheel: Loc.  cit.  Decottignies: 
These,  Paris,  1902;  Jhbt.  f.  Thier- 
Chem.,  1902,  xxxii.,  125. 

'Salkowski:  Pflug.  Arch.,  1869, 
ii.,  356;  Berl.  kl.  Wchnschr.,  1900, 
xxxvii.,  434;  Ztschr.  f.  phy.siol. 
Chem.,  1900,  xxix.,  437;  1902,  xxxv., 
495;  Stldd.  Apoth.  Ztg.,  1901,  xli., 
228.  Auerbach:  Virch.  Arch.,  1879, 
Ixxvii.,  226.  Abeles:  Wien.  kl. 
Wchnschr.,  1892,  v.,  277,  296. 
Luthje:  Ztschr.  f.  kl.  Med.,  1898, 
xxxv.,  271.   Pierallini:  Virch.,  Arch., 

1900,  clx.,  173.  Lommel:  Deut. 
Arch.  f.  kl.  Med.,  1899,  Ixii.,  600. 
Cipollina:  Berl.  kl.  Wchnschr.,  1901, 
xxxviii.,  544.  Mohr  and  Salomon: 
Deut.  Arch.  f.  kl.  Med.,  1901,  Ixx., 
486.     Stradomsky:    Virch.    Arch., 

1901,  clxiii.,  404.  Autenrieth  and 
Barth:    Ztschr.    f.    physiol.    Chem., 

1902,  xxxv.,  327. 
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from  the  oxidation  of  phenols  in  mammals.'  The  normal  elimi- 
nation does  not  exceed  0.02  gm.  (0.3  gr.)  in  24  hours. 

Symptoms. — Oxalic  acid  is  both  a  corrosive  and  a  true 
poison,  one  or  the  other  action  predominating  according  to  the 
size  of  the  dose  and  the  degree  of  concentration  of  the  solution. 
If  it  be  taken  in  the  solid  form  or  in  concentrated  solution,  as  is 
usually  the  case,  the  symptoms  of  corrosion  are  the  first  to  ap- 
pear and  may  be  the  only  ones  observed.  But  if  the  poison  be 
taken  in  dilute  solution  the  symptoms  of  corrosion  may  be  en- 
tirely absent. 

In  a  typical  case  of  oxalic  poisoning,  the  dose  being  in  the 
neighborhood  of  15  gm.  (Bss.),  taken  in  concentrated  solution, 
the  patient  experiences  the  first  effects  either  immediately,  dur- 
ing the  act  of  swallowing,  or  within  a  few  moments.  In  but 
three  instances  does  the  report  convey  the  impression  that  from 
ten  minutes  to  half  an  hour  elapsed  before  the  manifestation  of 
symptoms,  and  in  those  it  seems  probable  that  the  interval  re- 
ferred to  is  that  preceding  the  observation  rather  than  that  pre- 
ceding the  sensations  of  the  patient.^ 

The  strongly  acid  taste  is  followed  by  a  sense  of  heat  in  the 
mouth,  throat,  and  stomach.  This  rapidly  increases  in  inten- 
sity until  it  becomes  a  violent,  burning  pain.  In  some  cases 
the  pain  is  accompanied  by  a  sense  of  constriction  of  the  throat 
and  of  impending  suffocation.  The  act  of  swallowing  is  per- 
formed with  difficulty,  and  later  the  voice  becomes  fainter  and 
husky,  and  sometimes  is  completely  extinguished.  Within  ten 
or  fifteen  minutes  violent  and  persistent  vomiting  begins  in  al- 
most every  case.  The  vomited  matters  are  most  frequently  of 
"a  coffee-ground"  character,  and  separate  on  standing  into  two 
layers:  the  upper  a  clear,  yellowish,  and  strongly  acid  hquid, 
the  lower  a  thick  red-brown  sediment  of  altered  blood.  Often 
the  vomited  matters  are  black  or  become  so  on  standing,  and 

'  Salkowski:  Pflug.  Arch.,  1872,  1864,  ii.,  265— F.,  50,  S.,  R.,  Si- 
v.,  335.  Tauber:  Ztschr.  f.  physiol.  (one-half  hour).  Didama's  case, 
Chem.,  1879,  ii.,  366;  Berl.  kl.  reported  by  Wharton  and  StilW, 
Wchnschr.,  1900,  xxxvii.,  434.  "Med.  Jur.,"  5th  ed.,  ii.,  436,  de- 
Mills:  Virch.  Arch.,  1885,  xcix.,  parts  in  so  many  respects  from  the 
305.  usual  course  of  an  oxalic  poisoning 

^Fraenkel:    Ztschr.    f.    kl.    Med.,  that,  in  the  absence  of  anything  be- 

1880-81,    ii.,    664— M.,    48,    S.,    R.  yond  the  mere  statement,  it  is  ques- 

(ten  minutes).     St.  Geo.  Hosp.  Rep.,  tionable  whether  the  substance  mis- 

1S77-78,  ix.,  19— M.,  51,  S.,  R.,  i^i.  taken    for    Epsom    salt   was   really 

(one-quarter  hour).     Ellis:   Lancet,  o.xalic  acid. 
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produce  a  black  stain  upon  a  board  floor.  Occasionally  true 
hamatemesis  is  observed.  When  the  acid  has  been  taken  in 
small  quantity  or  in  dilute  solution  the  vomit  may  be  colorless 
and  free  from  blood,  as  it  may  also  be  in  rapidly  fatal  cases, 
even  when  the  stomach  is  found  greatly  inflamed  at  the  au- 
topsy.^ In  some  cases  persistent  vomiting  and  pain,  and  later 
persistent  purging  of  a  bloody  material,  are  the  only  marked 
symptoms,  and  they  may  continue  with  or  without  intermission 
for  from  five  to  ten  days,  terminating  in  death  from  exhaustion. 

When  very  large  doses  are  taken  (30-60  gm.  =  5i.-5ij.), 
the  patient,  after  vomiting,  may  go  into  a  state  of  collapse,  and 
die  within  five  minutes.  The  lips,  mouth,  and  fauces  are, 
shortly  after  the  poison  has  been  taken  in  solution,  reddened, 
swollen,  and  painful.  Later  they  become  paler,  and  finally, 
sometimes  within  an  hour,  of  a  dirty,  ashen-white  hue,  either 
throughout  or  in  patches.  The  tonsils  and  uvula  are  much 
swollen,  and  there  is  severe  thirst. 

Soon  the  symptoms  due  to  the  truly  poisonous  action  of  the 
oxalate  are  added  to  those  caused  by  its  immediate  corrosive  ac- 
tion upon  the  alimentary  canal.  The  countenance  is  pale,  anx- 
ious, and  haggard,  the  upper  lip  trembling,  the  lower  jaw  re- 
laxed. The  surface  is  bathed  in  a  cold,  clammy  perspiration. 
The  fingers  are  semiflexed  and  rigid,  the  nails  blue.  The  eyes 
are  glazed  and  the  pupils  contracted.  There  is  sometimes 
persistent  hiccough.  The  pulse  is  small  and  thready,  some- 
times imperceptible.  There  is  general  numbness  and  a  sense  of 
tingling  and  cramps  in  the  upper  and  lower  extremities.  Ab- 
dominal pain  is  no  longer  complained  of,  although  the  abdomen 
may  remain  tender  to  pressure;  but  the  patient  suffers  violent 
lumbar  pains,  shooting  down  into  the  lower  extremities.  The 
respiration  is  quick  and  labored.  The  skin  in  some  cases  is 
marked  with  a  peculiar  exanthem  resembling  roseola.  The 
urine  is  at  first  diminished  in  quantity  and  may  be  completely 
suppressed  for  two  or  three  days.^  Later  the  quantity  rises  much 
beyond  the  normal;  its  specific  gravity  is  subnormal  through- 
out, and  the  ehmination  of  urea  and  of  chlorids,  at  first  defi- 

'Geoghegan:    Dublin    M.    Press,  to    4,000    c.c.    per    diem.     Pfeiffer: 

1846,  XV.,  209.  Deut.  Arch.  f.  kl.  Med.,   1907,  xc, 

^Fraenkel:     Loc.     cit.,     complete  595,  quantity  subnormal  first  seven 

anuria  2  days,  3d  day  30  c.c,  4th  day  days,    hypernormal    12th    to    16th 

110  c.c;  8th  to  20th  days  from  2,300  days. 
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cient,  is  afterward  greatly  increased.  Albumin  is  present  in 
considerable  quantity  and  the  sediment  contains  epithelium, 
granular  or  hyaline  casts,  and  calcium  oxalate,  both  crystalline 
and  amorphous.'  After  removal  of  albumin  the  urine  contains 
some  substance,  not  sugar,  capable  of  reducing  Fehhng's  solu- 
tion. The  elimination  of  oxalic  acid  by  the  urine  continues  for 
two  weeks  in  non-fatal  cases. ^  In  some  instances  there  have 
been  violent  spasms  of  a  tetanic  character,^  in  others  delirium.* 
In  some  cases  the  patient  has  rapidly  become  stupid,  somnolent, 
unconscious,  and  has  died  comatose.'  In  one  instance  the 
frequency  of  epileptic  seizures  to  which  the  patient  was  sub- 
ject was  much  increased. ° 

Prognosis. — So  far  as  can  be  judged  from  statistics,  the 
prognosis  as  to  the  final  result  is  unfavorable.  There  were 
132  deaths  in  242  reported  cases,  a  mortality  of  54.5  per  cent.' 
Nor  is  the  outlook  for  complete  recovery  in  non-fatal  cases  quite 
favorable  if  the  poisoning  have  been  at  all  serious.  The  cor- 
rosive power  of  oxalic  acid  is  inferior  to  that  of  the  mineral 
acids,  and  we  know  of  but  one  instance  in  which  the  secondary 
effects  were  the  indirect  cause  of  death  at  a  later  period,  as  so 
frequently  happens  with  the  mineral  corrosives.*  There  have 
been  several  cases  in  which  the  patient  has  come  under  observa- 
tion many  months  after  the  poisoning,  suffering  from  great  gas- 
tric irritability,  dyspepsia,  and  constriction  of  the  oesophagus. 
Probably  an  autopsy  in  such  cases  would  reveal  the  existence  of 
oesophageal,  cardiac,  or  pyloric  stricture  and  disorganization  of 
the  gastric  mucous  membrane.'  On  the  other  hand,  in  Silk's 
case, '"  there  were  no  signs  of  oesophageal  stricture  twenty-five  days 

'  Didier,  J.  d.  sc.  m6d.  de  Lille,  ii.,     41.     Eichhorst:     Deut.     med. 

1894,  i.,  497,  reports  a  non-fatal  case  Wchnschr.,  1899,  xxv.,  449. 

in  which  the  sediment  contained  no  "  ^cDaniell:    Montreal   M.   Jour., 

crystals.  1890-91,  xix.,  104. 

'  For   examinations   of   urine   see  '  The  coroners'  cases  referred  to  in 

Fraenkel:     Ztschr.     f.     kl.     Med.,  note  5,  p.  828,  not  included. 

1S80-81,  ii.,  664.     Sarganek:  Diss.,  ^  Benjamin:  Charity  Ann.,  1899, 

Berlin,    1883.      Didier:     hoc.    cit.  xxiv.,  242,  complete  pyloric  stenosis 

Hood:  Lancet,  1886,  i.,  347.  in  four  weeks,  gastro-enterostomy, 

'  Bourne:   Lancet,    1851,   i.,    329.  death.     Loewy:  Diss.,  Berlin,  1896, 

Hart:  Ibid.,  1898,  ii.,  875.  same  case. 

*  Jackson,   J.  B.  S.:     Boston    M.  "  See  Dancy:  Transylvania  J.  M., 

and  S.  Jour.,  1875,  n.  s.,  xvi.,  445.  1835,    viii.,    594.    O'Shea:    Lancet, 

Jackson,  C.  T.:  Ibid.,  1844,  xxx.^  17.  1845,  ii.,  293.     Didier:  Loc.  cit. 

'Perry:  Glasgow  M.  Jour.,  1870-  '"  Brit.  M.  J.,  1881,  i.,  640. 
71,   iii.,    120.     Tidy:   Lancet,   1872, 
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after  the  poisoning,  although  the  large  dose  of  one  and  one-half 
ounces  (47  gm.)  had  been  taken  in  solution;  and  in  Barham's  case 
of  a  woman  who  took  an  ounce  in  solution  (31  gm.),  no  second- 
ary effects  were  observable  when  she  was  seen  seven  years  later.  ^ 
Although  a  few  instances  are  recorded  in  which  patients  have 
been  discharged  from  hospital  in  two  or  three  days  after  a  seri- 
ous oxalic  poisoning,^  in  most  cases  the  renal  disturbance  con- 
tinues for  from  two  to  four  weeks,  and  in  some  instances  other 
symptoms,  such  as  local  anaesthesia,^  spasmodic  twitchings,'' 
vomiting,^  and  alteration  of  voice,"  persist  for  weeks.  A  man 
who  attempted  suicide  with  three  tablespoonfuls  of  oxalic  acid 
had  a  violent  attack  of  vomiting  and  haematemesis  in  the  sec- 
ond week,  and  only  recovered  a  month  later.'  A  woman  who 
attempted  suicide  by  injection  of  salt  of  lemon  into  the  vagina 
suffered  intense  purulent  vaginitis,  followed  by  stenosis,  for 
which  an  operation  was  required.* 

Elimination. — The  principal  channel  of  elimination  of  oxal- 
ates is  by  the  urine.  The  question  of  what  may  be  the 
proportion  of  an  administered  dose  so  eliminated  is  involved 
in  the  yet  undetermined  one  of  its  oxidation  or  non-oxidation 
in  the  body.'  Pohl,^"  after  administration  of  neutral  sodium 
oxalate  containing  11.2  and  25.46  mgm.  of  oxalic  acid  to  dogs, 
recovered  11.82  and  26.8  mgm  in  the  urine.  Faust,"  also  experi- 
menting on  dogs,  recovered  ninety-two  per  cent,  of  the  adminis- 
tered doses  in  the  urine.  But  little  light  is  obtained  upon  this 
question  by  analyses  in  human  cases,  as  very  large  proportions 
of  the  ingested  doses  are  removed  by  vomiting  or  by  lavage. 
Paulus,'^  in  anon-fatal  case,  in  which  15  gm.  were  taken,  but  mostly 
expelled  by  vomiting  and  lavage,  recovered  only  0.053  gm.  from 
the  urine.     Bischoff,^^  in  one  case  of  death  in  about  five  minutes, 

'Prov.  M.  and  S.  J.,  1847,  544.  '  Sleman:  Lancet,  1891,  i.,  192. 

'Gray:    Med.    Press    and    Circ,  spiering:  Arch.  f.  Gyn.,  1897,  liv., 

1882,  n.  s.,  xxiv.,   47— F.,   30,   A.,  72.     She  took  this  method  to  avoid 

3s3.  (15.6  gm.).     Tolafree:  Boston  failure  by  vomiting. 
M.  and  S.  Jour.,  1835,   xii.,  158—  »  See  p.  831. 

^.,  ad    A.,  3ij.(7.8  gm.).     Deane:  "Arch.    f.    exp.  P.   u.  P.,    1896, 

Ijov.  M.  and  S.  Jour.,  1851,  344 —  xxxvii.,  413.     The  excess  represents 

"■'22,  A.,  §i.  (31  gm.).  oxalic  acid  formed  in  the  body. 
,.„™rganek:     Schmidt's     Jahrb.,  "  Ibid.,  1900,  xliv.,  217. 

1884,  ecu.,  18,  Case  VI.  >=  Diss.,  Gottingen,  1897. 

Bourne:  Lancet,  1851,  i.,  329.  ■' Berichte,      Berlin,    1883,    xvi., 

barganek:  Loc.  cit.  1350,  also  Lesser:  Vrtljschr.  f.  ger. 

,„,.^''aa'ey:  Med.  Times,   London,  Med.,  1898,  3  F.,  xvi.,  66. 
1850,  n.  s.,  1.,  293 
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found  7.5  mgm.  in  40  c.c.  of  urine;  in  another  of  death  in  one 
hour  5.1  mgm.  in  109  c.c;  and  in  a  third,  of  death  in  three- 
fourths  of  an  hour,  16  mgm.  in  40  c.c.     The  doses  are  not  stated. 

Treatment. — The  first  indication  is  to  neutrahze  the  acid, 
without  formation  of  a  soluble  oxalate,  or  to  convert  a  soluble 
into  an  insoluble  oxalate.  For  this  purpose  compounds  of  cal- 
cium or  magnesium  should  be  given,  preferably  the  former,  as 
magnesium  oxalate  is  slowly  formed  and  is  not  so  insoluble  as 
the  calcium  compound.  The  best  preparation  for  the  purpose 
is  syrup  of  lime.  But  this  is  rarely  available  and  time  should 
not  be  wasted  in  searching  for  it.  The  most  serviceable  prep- 
aration is  calcium  carbonate  in  the  shape  of  finely  divided  (pre- 
cipitated) chalk,  suspended  in  a  small  quantitj^  of  water,  or  of 
chalk  mixture.  The  quantity  given  should  be  sufficient  not 
only  to  convert  all  oxalic  acid  present  into  calcium  oxalate,  but 
also  to  render  the  stomach  contents  neutral.  For  this  purpose 
50  gm.  of  chalk  will  suffice  for  a  dose  of  30  gm.  of  oxalic  acid. 
The  use  of  a  carbonate  is  attended  with  the  inconvenience  of 
the  liberation  of  gas  resulting  from  its  neutralization  of  the  acid, 
but  the  danger  from  this  cause  is  by  no  means  as  great  as  when 
the  mineral  acids  have  been  swallowed.  Of  the  other  available 
calcium  preparations,  lime-water  is  too  dilute  and  milk  of  Hme 
is  possibly  too  caustic.  The  antidote  should  be  given  with  the 
least  possible  delay,  and  after  a  few  minutes  the  stomach  should 
be  washed  out,  at  first  with  lime-water,  afterward  with  water. 
The  carbonates  of  potassium  and  sodium  are  useless,  as  the 
oxalates  of  those  metals  are  soluble  and  quite  as  poisonous, 
although  not  so  corrosive  as  the  acid.  Tendency  to  collapse  is  to 
be  combated  by  warmth  and  stimulants:  the  nephritic  symp- 
toms by  diuretics  and  abundance  of  liquid  (which  should  be 
avoided  until  the  stomach  has  been  washed  out),  and  the  acid- 
ism  by  the  administration  of  alkahes. 

Post-mortem  Appearances. — The  lips,  tongue,  mouth, 
and  oesophagus  are  of  an  opaque,  yellowish-white  color,  some- 
times marked  with  patches  of  a  reddish  hue.  The  stomach  is 
contracted  and  in  many  cases  contains  a  thick,  gelatinous,  red- 
dish-brown and  acid  liquid,  somewhat  similar  to  the  "coffee- 
ground"  material  vomited  during  life.  The  peritoneal  surface 
of  the  organ,  as  well  as  the  mesentery  and  the  greater  portion 
of  the  peritoneal  surface  of  the  intestines,  are  marked  by  blood 
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vessels  filled  with  dark,  fluid  blood.  The  mucous  surface  of  the 
stomach  is  strongly  corrugated,  and  in  most  cases  presents  a 
uniform  bright-red  color  in  the  elevations  and  depressions,  ex- 
cept in  so  far  as  it  may  have  been  changed  to  brown,  or  even 
black,  by  post-mortem  action.  In  some  cases  the  mucous  sur- 
face is  either  in  part  or  in  whole  pale,  opaque,  or  translucent, 
and  marked  with  a  coarse  ramiform  vascularity  of  the  submu- 
cous tissue.  Similar  appearances  are  observed  in  the  duode- 
num and  jejunum.  The  mucous  membrane,  when  it  remains, 
is  soft,  pulpy,  and  easily  detached.  Although  perforation  has 
been  observed,'  it  is  of  rare  occurrence,  and  probably  post-mor- 
tem. Crystals  of  oxalic  acid  or  of  monopotassic  oxalate  are  not 
frequently  found  in  the  stomach,  although  in  one  of  Strecker's 
cases^  a  large  amount  of  undissolved  oxalic  acid  remained  in 
the  stomach;  and  Lesser^  figures  the  stomach  of  a  patient 
who  died  within  ten  minutes,  which  is  almost  uniformly  pale, 
contracted,  and  plentifully  lined  with  crystals  of  monopotassic 
oxalate.  Microscopic  crystals  of  calcium  oxalate  are,  however, 
found  in  many  cases  in  the  stomach  and  intestines,  particularly 
when  death  has  followed  not  within  a  few  minutes,  but  in  the 
course  of  from  three  to  six  hours.  A  microscopic  examination 
of  the  kidneys  shows  the  presence  in  the  tubules,  and  sometimes 
in  the  tissue,  never  in  the  glomeruli,  of  crystals  of  calcium  oxalate. 
These  are  more  frequently  imperfect  octahedra,  needles,  dumb- 
bells, whetstone  crystals  or  plates' than  perfectly  formed  octa- 
hedra. The  latter,  however,  are  found  in  abundance  and  of 
varying  size  in  the  urine.  The  oxalate  deposits  are  distinguished 
from  those  consisting  of  carbonate  and  phosphate  which  are 
formed  in  poisoning  by  mercury,  bismuth,  and  aloin  by  not 
effervescing  when  moistened  by  acids,  and  by  not  staining  with 
haematoxylin.^  Apparently  these  deposits  may  be  formed  post- 
mortem, as  they  were  present  in  one  of  Lesser's  cases  in  which 
death  occurred  in  less  than  five  minutes.'     On  the  other  hand, 

'  Wood:  Monthly  J.  M.  Sc,  18.52,  '  "Atl.  d.'ger.  Med.,"  i.,  PI.  viii., 

XIV.,   227.    Littlejohn:    Edinb.    M.  f.    1.     See    also:   PI.    iv.,   f.  3;    PL 

Jour.,  1861,  vii.,   13.     Strassmann:  vi.,  f.  1;  PL  vii.,  B.  1,  2  and  3;  PL 

Munch,     med.     Wohnschr.,     1888,  xiv.,  f.  6. 

XXXV.,  279.   Braithwaite:    Brit.    M.  ■•  Neuberger:  Arch.  f.  exp.  P.  u.  P., 

J.,  1905,  i.,  183.  .  1890,  xxvii.,  39. 

Ztschr.   f.   Med.-Beamte,    1892,  =  Vrtlischr.    f.    ger.    Med.,    1898, 

v-.  211.                                        '  3  Y.,  XVI.,  68,  case  187. 
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they  may  be  absent  in  cases  of  longer  duration.'  In  the  case 
of  a  pregnant  woman  who  died  in  Ij  hours  they  were  present  in 
the  kidneys  of  the  fcetus.^ 

Analysis. — The  parts  to  be  examined  are  the  stomach  and 
intestines  and  their  contents,  the  liver,  kidneys,  and  urine;  also 
vomited  matters.  The  contents  of  the  stomach  and  vomit  are 
strongly  acid  in  reaction  unless  antidotes  have  been  adminis- 
tered, in  which  case  they  may  be  neutral  or  even  alkaline. 

In  the  systematic  analysis  oxalic  acid  is  to  be  looked  for  in 
the  ethylic  ether  extract  from  the  acid  aqueous  liquid  (see  page 
162).  If  oxalic  acid  or  oxalates  alone  are  to  be  sought  for,  the 
materials  are  to  be  treated  directly  as  below. 

It  must  be  remembered  that  the  acid  sought  may  be  present 
either  in  the  free  state,  in  combination  as  a  soluble  oxalate,  or, 
in  consequence  of  the  administration  of  antidotes,  as  the  insol- 
uble calcium  oxalate  or  the  very  sparingly  soluble  magnesium 
oxalate. 

The  substance  under  examination,  if  acid,  is  first  to  be  ex- 
tracted with  water,  the  solution  filtered,  the  filtrate  evaporated 
over  the  water-bath,  the  residue  extracted  with  alcohol,  the  fil- 
tered alcoholic  solution  evaporated,  and  the  residue  redissolved 
in  a  small  quantity  of  water.  The  solution  so  obtained  (No.  1) 
will  contain  any  free  oxalic  acid  which  may  have  been  present. 
The  material  left  undissolved  by  alcohol  in  the  preparation  of 
solution  No.  1  is  next  to  be'  extracted  with  alcohol  acidulated 
with  hydrochloric  acid,  the  solution  filtered  and  evaporated, 
and  the  residue  redissolved  in  a  small  quantity  of  water.  This 
solution  (No.  2)  will  contain  any  oxalic  acid  which  may  have 
been  present  in  the  form  of  a  soluble  oxalate.  Lastly,  the  ma- 
terial left  undissolved  by  water  and  alcohol  in  the  preparation 
of  solutions  Nos.  1  and  2  is  to  be  treated  with  a  sufiicient  quan- 
tity of  potassium  carbonate  (not  hydroxid)  to  render  it  dis- 
tinctly alkaline,  and  boiled  for  two  hours.  The  solution  is 
filtered  and  evaporated,  the  residue  extracted  with  alcohol  acid- 
ulated with  hydrochloric  acid,  the  solution  filtered  and  evapo- 
rated, and  the  residue  redissolved  in  water.  This  solution 
(No.  3)  will  contain  oxalic  acid,  if  it  were  present  in  the  form 
of  an  insoluble  oxalate. 

'Filippi:   Lo  Sperim.,    1905,   lix.,      Centbl.    f.    inn.    Med.,    1902,  xxiii., 
133,    death    in    24    hours.    Robert:      1137,  death  in  less  than  10  min. 

'  Lesser:  Loc.  cit.,  case  194. 
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The  TESTS  for  oxalic  acid  are  then  to  be  applied  to  portions 
of  the  three  solutions : 

1.  A  solution  of  a  calcium  salt  produces,  in  neutral  or  alka- 
line solutions,  a  white  precipitate  which  redissolves  in  hydro- 
chloric acid. 

2.  Silver  nitrate  solution  produces  a  white  precipitate  which 
dissolves  in  ammonium  hydroxid  solution  and  also  in  nitric 
acid.  If  the  Hquid  containing  the  precipitate  be  boiled  the  lat- 
ter does  not  darken.  If  the  precipitate  be  collected,  dried,  and 
heated  upon  a  strip  of  platinum  foil  it  explodes. 

3.  Lead  acetate  solution,  in  solutions  of  oxalates  which  are 
not  too  dilute,  produces  a  white  precipitate  which  is  soluble  in 
nitric  acid,  but  insoluble  in  acetic  acid. 

4.  Ferrous  phosphate  in  acid  solutions  forms  a  lemon-yellow 
liquid.'- 

The  urine,  contents  of  stomach,  and  vomited  matters 
should  also  be  examined  microscopically  for  crystals  of  calcium 
oxalate. 

The  detection  of  a  mere  trace  of  oxalic  acid  or  of  an  oxalate 
can  only  be  of  value  as  corroborative  evidence  in  a  case  of  sus- 
pected oxalic  poisoning,  owing  to  the  presence  of  oxalates  in 
articles  of  food,  in  medicines,  and  in  the  human  economy. 

For  analysis  of  the  urine  Salkowski's  method^  is  to  be  rec- 
ommended when  the  differentiation  between  the  three  forms 
above  referred  to  is  not  to  be  considered:  500  c.c.  of  the  unfil- 
tered  urine  are  concentrated  to  one-third,  cooled,  acidulated 
with  20  c.c.  of  hydrochloric  acid  (1.12)  and  agitated  three 
times  with  200  c.c.  of  a  mixture  of  nine  volumes  of  ether  and  one 
volume  of  alcohol.  The  ethereal  extracts  are  filtered  through 
a  filter  moistened  with  the  same  mixture,  and  the  filtrate  dis- 
tilled. The  alcoholic  residue  is  mixed  with  10  to  15  c.c.  of  water 
in  a  high-walled  capsule  and  concentrated  on  the  water-bath, 
with  addition  of  water  if  necessary,  until  the  liquid  clears  and  a 
resinous  material  separates.  The  cooled  liquid  is  diluted  with 
20  c.c.  of  water,  filtered  through  a  small  filter,  with  one  or  two 
washings  with  water,  rendered  slightly  alkaline  with  ammonia, 
treated  with  1  to  2  c.c.  of  ten-per-cent.  calcium  chlorid  solu- 

■Gunn:Ph.J.andTr.,1893-4,3s.,  ^  Ztschr.  f.  physiol.  Chem.,  1900, 

XXIV.,  408,  who  bases  a  oolorimetric      xxix.,  437. 
quantitative  process  upon   the   re- 
action. 
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tion,  rendered  acid  with  acetic  acid,  and  allowed  to  stand  24 
hours,  after  which  the  precipitated  calcium  oxalate  is  collected  on 
an  ash-free  filter,  washed,  dried,  ignited,  and  weighed  as  calcium 
oxid.  The  process  may  also  be  used  for  organs:  250  to  500  gm. 
of  the  hashed  organ  are  digested  with  water,  heated  to  boiling, 
collated,  expressed,  washed,  the  liquid  concentrated,  filtered 
again  if  necessary,  and  further  treated  like  the  concentrated 
urine  above,  with  the  difference,  however,  that  acetic  acid  should 
be  added  and  the  solution  filtered  from  any  fat  acids  which  may 
separate,  before  addition  of  the  calcium  salt. 

For  quantitative  determination,  the  purified  calcium  oxalate 
is  ignited  to  calcium  oxid  and  weighed:  56  parts  of  this  repre- 
sent 90  parts  of  anhydrous,  or  126  parts  of  crystalhzed  oxalic 
acid.  Quantitative  determinations  can  usually  be  made  in  rap- 
idly fatal  cases,  the  amount  remaining  in  the  alimentary  canal 
being  in  some  cases  reduced  to  mere  traces,  while  in  other  in- 
stances very  large  amounts  remain.  Thus  in  a  case  fatal  in  10 
minutes  Bischoff  separated  10.174  gm.  (157  gr.)  from  the 
stomach  and  intestines.  In  this  case  the  spleen  contained  the 
enormous  proportion  of  161.8  mgm.  in  83  gm.  of  tissue,  while 
600  gm.  of  liver  only  yielded  4.7  mgm.,  the  heart  only  3.3 
mgm.  from  200  gm.,  and  the  kidneys  none  at  all.  In  another 
case,  fatal  in  5  minutes,  the  stomach  and  intestines  contained 
2.2805  gm.,  the  liver  284.9  mgm.  in  770  gm.,  the  kidneys 
14.5  mgm.  in  290  gm.,  the  heart  20.5  mgm.  in  350  gm.,  the 
blood  43.5  mgm.  in  180  gm.,  the  urine  7.5  mgm.  in  40  gm., 
and  the  brain  and  muscles  none.  The  distribution  therefore 
varies  notably  under  fairly  like  conditions.' 

Oxalic  acid  is  slowly  decomposed  in  presence  of  putrefying 
material.^ 

TARTARIC  ACID. 

Although  poisonings  by  tartaric  acid  are  of  extreme  rarity, 

that  substance  has  been  of  forensic  interest  in  two  fatal  cases. 

In  one  (Affaire  Weber,  1847)   a  man  and  a  woman  were  found 

about  five  hours  after  having  been  seen  in  health,  the  latter 

dead,  the  former  almost  dead.     According  to  Devergie,  Bay- 

'  Berichte,     Berlin,      1SS3,     xvi.,  ^  Stradomski:  Virch.  Arch.,  1901, 

l:5;>0;  Vrtljschr.  f.  ger.  Med.,  ISOO,  clxiii.,  404.  Klemperer  and  Tritsch- 
3  F.,  XVI.,  68.  ler:  Ztschr.  f.  kl.  Med.,  1902,  xliv., 

337. 
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ard,  and  Bouchez,  tartaric  acid  was  the  cause  of  the  woman's 
death.  The  facts,  however,  upon  which  this  opinion  was 
based  were  shown  by  Orfila  to  be  insufficient  and  the  man 
was  discharged  after  an  elaborate  inquiry.'  In  one  EngHsh 
case  (Reg.  v.  Watkins,  1845)  a  druggist  was  tried  for  man- 
slaughter for  having  caused  the  death  of  a  man  of  twenty-four 
years,  by  giving  him  1  ounce  (31  gm.)  of  tartaric  acid  in  mis- 
take for  aperient  salts.     The  man  died  in  nine  days.^ 

One  other  case  of  alleged  tartaric  acid  poisoning  was  re- 
ported by  Trevithick,^  but  the  evidence  that  tartaric  acid  was 
the  cause  of  the  disorder  and  death  is  not  conclusive. 

Fatal  cases  of  poisoning  by  citric  acid  are  reported  by 
Kionka*  and  by  Kornfeld.'^ 

Monopotassic  tartrate,  C4H4OJHK,  or  cream  of  tartar, 
is  extensively  used  in  the  household,  in  the  manufacture  of  bak- 
ing powders,  and  as  a  medicine.  Sodiopotassic  tartrate, 
CjH^OjNaK,  or  Rochelle  salt  or  Seignette  salt,  is  a  product  of 
the  reaction  in  the  use  of  tartrate  baking  powders,  and  is  also 
used  as  a  medicine. 

Cream  of  tartar  has  proved  fatal  in  two  instances.  In  one, 
the  servant  of  an  empiric  took  over  four  ounces  (125  gm.)  while 
drunk  and  died  in  four  days.®  In  the  other,  which  was  the 
subject  of  a  trial  for  homicide  by  negligence  in  Germany,  a 
man,  mistaking  the  directions  of  an  empiric,  took  200  gm. 
(about  §viss.),  partly  dissolved  and  partly  suspended  in  water, 
and  died  in  twelve  hours.' 

Symptoms. — In  none  of  these  reports  is  any  detailed  ac- 
count of  symptoms  given.  In  Gill's  case  the  man  suffered  a 
burning  sensation,  as  if  "all  on  fire,"  sickness,  inflammation  of 
the  stomach  and  intestines,  and  vomiting  until  death,  which 
occurred  in  nine  days.  In  Tyson's  case  the  patient  became  very 
weak,  could  hardly  walk  in  the  evening,  on  the  second  day  after 
was  said  to  have  had  several  stools  during  the  night,  and  vomited 

'See     Devergie:     "M^d.     l^g.,"  '  Brit.  M.  Jour.,  1893,  i.,  1321. 

3eme   ed.,    iii.,    307;    Ann.    d'hyg.,  "  Aerztl.    Sachverst.    Ztg.,     1903, 

etc.,  1851,  xlvi.,  432;   1852,  xlvii.,  ix.,  4. 

383.    Orfila:     "Tox.    gto.,"    5eme  Friedreich's    Bl.    f.    ger.    Med., 

M.,  977;  Ann.  d'hyg.,   1852,  xlvii.,  1902,  liii.,  359.     Taken  to  provoke 

2n.„    .  abortion. 

Gill:  Lancet,  1845,  i.,  18;  Ph.  J.  "Tyson:  Lancet,  1837-.38,  i.,  162. 

and  Tr.,  1844-45,  iv.,  370.     Taylor:  'Roger:   Friedreich's    Bl.    f.    ger. 

I'oisons,"  3d  Am.  ed.,  239.  Med.,  1887,  xxviii.,  196. 
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almost  continuously.  There  was  pain  at  the  umbilicus  and 
great  thirst.  The  tongue  was  brown  and  dry,  and  the  pulse 
feeble.  The  legs  became  paralyzed  and  there  was  severe  lum- 
bar pain. 

Post-mortem  Appearances. — These  have  been  more  care- 
fully observed  in  Tyson's  and  Roger's  cases,  although  in  the 
latter  some  of  those  described  are  probably  due  to  disease.  The 
most  notable  appearances  are  in  the  stomach  and  intestines,  the 
gastric  mucous  membrane  in  Roger's  case  was  of  a  uniform 
dark,  black-red  color  over  the  entire  fundus,  which  changed  to 
a  coarse  network  upward  and  to  an  arrangement  of  parallel 
lines  toward  the  lesser  curvature.  Between  these  markings  the 
mucous  membrane  was  evenly  pale  red,  and  marked  with  a 
great  number  of  minute  punctiform  and  stellate,  bright  red 
spots.  The  duodenal  mucous  membrane  was  uniformly  pale 
red,  with  numerous  punctiform  bright  red  spots.  A  similar 
appearance  was  noted  in  the  small  intestine,  where  there  were 
also  numerous,  almost  microscopic  white  dots. 


ALKALOIDAL  POISONS. 

The  term  alkaloid  is  one  now  undergoing  modification  in 
the  light  of  increasing  knowledge  of  the  chemical  constitution  of 
the  vegetable  and  animal  bases.  In  the  wider  sense  all  organic 
nitrogenized  substances,  basic  in  character  and  capable  of  neu- 
tralizing acids  with  the  formation  of  salts  in  the  same  manner 
as  ammonia,  i.e.,  without  the  simultaneous  liberation  of  hydro- 
gen or  formation  of  water,  are  alkaloids.  Under  this  view  not 
only  are  the  vegetable  bases,  such  as  morphin,  strychnin,  etc., 
alkaloids,  but  many  animal  and  synthetic  substances,  such  as 
urea,  the  amins  (including  such  ptomains  as  putrescin  and 
cadaverin),  the  hydrazins,  etc.,  also  come  within  this  definition. 
But  as  those  vegetable  alkaloids  whose  chemical  constitution 
has  been  determined  either  completely  or  partially  have,  with  the 
exception  of  caffein  and  theobromin,  been  found  to  contain 
a  closed-chain  nucleus  having  one  nitrogen  atom,  and  conse- 
quently belong  to  the  second  of  the  two  principal  classes  of 
organic  compounds,  while  the  other  substances  above  mentioned 
belong  to  the  first,  the  present  tendency  among  chemists  is  to 
limit  the  application  of  the  term  alkaloid  to  basic  derivatives  of 
pyrrolidin  (C^H^N),  pyridin  (C5H5N)  and  quinolin  (C9H7N). 

The  number  of  vegetable  alkaloids  is  large,  and  among  them 
are  some  of  the  most  important  remedial  agents.  They  differ 
greatly  in  their  toxic  power,  some  being  actively  poisonous  in 
minute  doses,  others  comparatively  inert  even  when  taken  in 
large  amount.  Clearly  only  the  former  are  of  direct  interest  in 
this  work,  and  of  these  many  are  substances  difficultly  obtain- 
able, and  unknown  even  to  medical  practitioners.  Even  the 
rarest  of  these  may  become  of  forensic  interest,  but  the  space  at 
our  command  will  permit  of  the  consideration  only  of  such  as 
are  of  present  interest.^ 

'Information     concerning      the  Dupuy:  "Alcaloides, "  Bruxelles, 

rarer   alkaloids    will    be    found    in  1887-89.    Pictet:   "  La  constitution 

Ijuaresehi:    " Introduzione     alio  chimique  des  alcaloides    v^g^taux," 

studio degli  Alcaloidi," Torino,  1892.  Geneve  et  Bale  (Paris),  1888.    Huse- 
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The  alkaloids  are  either  volatile,  oily,  pungent  liquids  (coniin 
nicotin,  spartein)  containing  no  oxygen,  or  (the  greater  number) 
solid  and  generally  colorless  and  crystalline  bodies  composed  of 
carbon,  hydrogen,  nitrogen,  and  oxygen.  Both  fixed  and 
volatile  alkaloids  combine  with  acids  to  form  salts,  for  the  most 
part  crystalline,  which  bear  the  same  relation  to  the  free  alkaloid 
that  the  ammonium  salts  do  to  ammonia  gas.^  Most  of  the 
free  alkaloids  are  insoluble  or  difficultly  soluble  in  water,  but 
more  or  less  readily  soluble  in  alcohol,  ether,  benzene,  chloro- 
form, or  other  organic  liquids.  Their  salts,  on  the  contrary, 
are  for  the  most  part  soluble  in  water  or  in  alcohol,  particu- 
larly in  the  presence  of  free  acid,  but  are  insoluble,  with  few 
exceptions,  in  the  other  organic  liquids  referred  to.  Upon 
these  solubilities  the  methods  for  extracting  alkaloids  from 
complex  mixtures  are  founded  (see  pp.  155-164).  The  reaction 
of  the  free  bases  is  differently  manifested  according  as  litmus 
or  phenolphthalein  is  used  as  an  indicator;  toward  the  former 
they  are  all  alkaline  except  narcotin,  narcein,  piperin,  and  a  few 
rare  alkaloids,  which  are  neutral.  Toward  phenolphthalein  all 
alkaloids  except  atropin,  coniin,  homatropin,  hyoscin,  hyoscya- 
min,  and  nicotin  are  neutral,  and  solutions  of  their  salts  be- 
have as  if  the  acid  were  free.  Many  of  the  alkaloids  as  well  as 
their  salts  are  bitter,  some  intensely  so. 

Most  alkaloids  are  precipitated  from  solutions  of  their  salts 
by  the  mineral  bases  and  by  a  number  of  general  reagents,  smd 
many  of  them  give  more  or  less  characteristic  color  reactions 
with  acids  and  other  reagents  (see  pp.  165-176).  Their  be- 
havior toward  these,  along  with  their  physiological  action  (see 
pp.  196-198)  and  their  physical  properties,  serve  to  identify 
such  as  are  capable  of  identification  by  methods  at  present 
known. 


mann  and   Hilger:    "Die  Pflanzen-  "  With  due  respect  to  analogy  in 

stoffe,  "  2te  Aufl.,   Berlin,   1SS2-S-1.  nomenclature  the  name  of  the  alka- 

Kobert:    "Lehrbuch   der  Intoxika-  loid  in  combination  should  terini- 

tionen,  "  2te  Aufl.,  Stuttgart,  1902,  nate  in  ium  and  not  in  in  or  ia.    As 

1906.     Sohn:     "Dictionary    of    the  we   speak   of    ammonia,    NHj,   and 

-A-Ctive  Principles  of  Plants,"  Lon-  ammonium    chlorid,    NH^Cl,   so   we 

don,     1S94.     Roseoe-Schorlemmer's  should    refer   to   the   compound   of 

"Lehrb.  d.  org.  Chem., "  8tes  Bd.,  morphin  (or  morphia),  (CnHuXOs) 

Braunschweig,  1901.                .  and  hydrochloric  acid  as  morphium 

chlorid  (Ci.HjoNOj,  CI). 
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ACONITE   AND   ACONITIN. 

The  Roman  poets  used  the  word  aconitum  in  referring  to 
any  poisonous  plant;'  and  Theophrastus,^  Dioscorides,^  and 
Nicander*  describe  different  plants  under  the  name  olkovitov. 
But,  according  to  Fleming,^  all  of  these  plants,  as  well  as  those 
described  by  Pliny  and  other  early  writers,  belonged  to  genera 
other  than  Aconitum,  with  the  exception  of  the  second  of  Dios- 
corides'  species,  which  was  probably  A.  lycoctonum. 

Aconite  was  first  suggested  as  a  medicine  by  Storck  in  1762, 
since  which  time  several  species  have  been  used  (A.  lycocto- 
num, A.  ferox,  A.  anthora,  etc.)  and  found  to  vary  greatly  in 
strength.  The  species  at  present  in  use  is  A.  napellus,  popu- 
larly known  as  monkshood  or  wolfsbane.  Although  acontin 
exists  in  all  parts  of  the  plant,  the  root  contains  it  in  greatest 
abundance  and  is  the  part  from  which  the  extract  and  tincture, 
the  pharmaceutical  preparations  generally  used,  are  prepared. 

Aconitum  napellus,  according  to  the  recent  researches  of 
Dunstan  et  al.,^  contains  four  or  probably  five  alkaloids,  of 
which  three  are  more  abundantly  present  than  the  others. 

AcoNiN — CjsH^jNOg — a  colorless,  gum-like,  uncrystallizable, 
very  hygroscopic  solid,  which  is  very  soluble  in  water  or  alcohol, 
slightly  so  in  chloroform,  and  insoluble  in  ether  and  in  petro- 
leum ether.  Its  aqueous  solution  is  distinctly  alkaline  and 
dextrogyrous.  Its  salts  crystallize  with  difficulty,  and  their 
solutions  are  laevogyrous.  It  is  bitter  in  taste,  but  does  not 
produce  tinghng  of  the  tongue,  and  does  not  appear  to  be  poison- 
ous in  small  doses.  The  napellin  of  Hiibschmann  is  a  mixture 
consisting  chiefly  of  aconin. 

Benzo YL-AcoNiN  —  C25H40 (C6H5,CO) NOg —  ( =  isoaconitin,  or 
napellin  of  Dunstan) — a  nearly  colorless,  varnish-like,  amor- 
phous solid,  soluble  in  water,  stronglj''  alkaline  and  basic, 
forming  crystalline  salts.     It  is  easily  hydrolyzed  by  alkalies  or 

'Juvenal:  "Sat.,"  i.,  156.     Ovid:  "J.    Chem.    Soc,    London,    1891, 

..Metam.,"i.,  147.     Virgil:  "Geo.,"  lix.,  271;  1892,  Ixi.,  385,  395;  1893, 

"■.  152.  Ixiii.,    443,    491,    991,    994;     1894, 

/"Hist.  Plant.,"  ix.,  16,  Ed.  Bo-  Ixv.,    i.,    308,    Tr.    174,    176,    290; 

dffius,  Amst.,  1644,  p.  1130.  1895,   Ixvii.,   Tr.   459,   and   authors 

IV.,    77,     78,     Ed.     Saraoenus,  there    quoted.     Freund   and    Beck: 

J^rankf.,  1598,  p.  275.      '  Beriohte,    Berl.,    1894,   xxvii.,    433, 

*__AIex.,"  13,  42.  720.     Freund:    Ibid.,   1895,  xxviii.. 

An  inquiry  into    .    .    .   Aconi-  192,  2537. 
turn  napellus,"  London,  1845,  1. 
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by  superheated  water,  yielding  aconin  and  benzoic  acid.  Al- 
though poisonous,  its  toxic  power  is  much  inferior  to  that  of 
aconitin.  In  experiments  upon  animals  a  dose  of  benzoyl- 
aconin  thirty  times  as  great  as  the  lethal  dose  of  aconitin  was 
required  to  cause  death. 

The  picraconitin  of  Wright'  is  impure  benzoyl-aconin,  and 
the  atisin  of  Broughton^  is  identical  with  it. 

Aconitin — Acetylbenzoylaconin — C25H3a(CH3.CO)  (CeH5.C0)- 
NOg — Duquesnel's  aconitin — a  faintly  yellowish  soHd,  cry- 
stallizing in  transparent  prisms,  sometimes  a  centimeter  in 
length,^  which  fuse  at  188.5°  (367.3°  F.).  Its  solubility  in 
water  is  one  in  4431  at  22°  (71.6°  F.).  It  is  readily  soluble  in 
chloroform  and  in  benzene,  less  readily  in  alcohol  and  in  ether, 
and  hardly  at  all  in  petroleum  ether.  It  forms  crystalline  salts. 
Its  aurochlorid,  (C34H47NOiiHCl)AuCl3,  crystallizes  with  3  mol. 
Aq.,  f.  p.  135°  to  136°,  and  anhydrous,  f.  p.  145°.  It  contains  18.9 
or  19.9  per  cent,  of  gold.  Alcoholic  solutions  of  the  alkaloid  are 
dextrogyrous;  aqueous  solutions  of  its  salt  are  kevogyrous.  It  is 
easily  hydrolyzed  by  acids,  alkalies,  or  water  at  high  temperature, 
with  formation  of  aconin,  benzoic  acid,  and  acetic  acid.  The 
pure  alkaloid  gives  no  known  color  reactions.  The  toxic  power 
of  aconitin  is  very  high.  Cash^  found  the  lethal  dose  for  guinea- 
pigs,  administered  subcutaneously  in  solution  of  chlorid,  to  be 
only  0 .  000064  gm.  (0. 001  grain)  per  kilogram  of  body  weight;  and 
frogs  of  25  gm.  weight  are  killed  by  0 .  000032  gm.  (O".  0005  grain). 

PsEUDAcoNiTiN  —  Nepalin — V  eratroylaconin — CggH^gNOiz  — 
exists  in  very  small  quantity  or  not  at  all  in  A.  napellus,  but 
replaces  aconitin  in  A.  ferox  (Indian  or  Nepaul  aconite;  Him- 
alaya root).  It  crystaUizes  in  needles,  but  is  usually  obtained 
as  a  varnish.  It  fuses  at  210°  to  212°  (410°  to  414°  F.).  When 
hydrolyzed  it  yields  pseudaconin  and  veratic  acid.  It  is  highly 
poisonous.^ 

Japaconitin — C34H49NO11 — obtained  by  Dunstan  and  Read" 

'J.    Chem.    Soc,    London,    1877,  Wright:  I6id.,  1877,  xvi.,  143;  1878, 

XVI.,  143.  xxxiii.,  151,  318.     Boehm:  Arch.  f. 

^  Med.  Press  and  Circ,  1874,  n.  s.,  exp.  Path.  u.  Pharm.,  1873,  i.,  385. 

xvii.,  452.  6  J.  Chem.  Soc,  1900,  Ixxvii.,  45. 

^Tutton:    J.    Chem.    Soc,    1891,  See  also:  Paul  and  Kingzett:  Ph.  J. 

hx.,  288.  and    Tr.,    1877,    3    s.,    viii.,    173. 

^  Cash  and  Dunstan:  Phil.  Trans.,  Wright   arid   Luff:   J.   Chem.   Soc, 

1898,  cxc,  239.  1879,     xxxv.,     387,     399.     Lezius: 

^  Beckett  and  Wright:  J.  Chem.  Diss.,  Dorpat,  1890. 
Soc,    London,    1875,   xxviii.,    1265. 
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from  a  variety  of  Japanese  aconite,  differs  by  +  H,  from  aconitin, 
which  it  resembles  by  containing  acetyl  and  benzoyl  groups. 

Lycaconitin,  C27H34N205-)-2H20,  and  myoctonin,  C27H30- 
N208+5H2O,  are  amorphous,  very  poisonous  alkaloids,  obtained 
by  Dragendorff  and  Spohn'  from  A.  lycoctonum,  which  does  not 
contain  aconitin. 

Rosendahl,  in  a  valuable  contribution  to  the  chemistry  and 
toxicology  of  the  aconite  alkaloids,^  has  described  three  other 
alkaloids  obtained  from  the  northern  variety  of  the  same  species 
(A.  septentrionale) :  Lappaconitin,  Ca^H^gNjOg,  which  forms 
large  hexagonal  prisms,  colorless,  bitter,  fusing  at  205 . 1°  (401 . 2° 
F.);  soluble  in  330  parts  of  ether,  forming  a  strongly  fluores- 
cent solution.  On  hydrolysis  it  yields  a  crystalline  and  an 
amorphous  alkaloid,  and  a  crystalline  acid  which  gives  a  blue- 
violet  color  with  ferric  chlorid.  The  alkaloid  with  sulfovanadic 
acid,  gives  a  yellowish-red  color,  passing  to  emerald  green. 
Lethal  dose  for  cats  and  dogs  =  0.005  to  0.01  gm.  per  kilogram. 
Septenteionalin,  C31H48N2O9,  an  amorphous,  yellowish  pow- 
der, having  a  bitter  taste  and  producing  local  ansesthesia.  It 
fuses  at  128.9°  (264°  F.),  and  is  soluble  in  1.7  parts  of  alcohol, 
2.1  of  ether,  and  58  parts  of  water.  When  hydrolyzed  it  yields 
the  same  acid  as  lappaconitin  and  two  similar  alkaloids.  Lethal 
dose  for  cats  and  dogs  =  0.008  to  0.016  gm.  per  kilogram. 
Cynoctonin,  C3JH55N2O13,  an  amorphous,  very  hygroscopic, 
unstable  substance,  which  fuses  at  137°  (278.6°  F.).  With  con- 
centrated sulfuric  acid  it  gives  a  deep  red  color.  With  fuming 
nitric  acid,  evaporation,  and  addition  of  alcoholic  potash,  it  be- 
comes blood-reddish,  changing  to  red-brown.  Lethal  dose  for 
cats  =  0.03  gm.  per  kilogram. 

The  commercial  aconitines  differ  greatly  in  composition  and 
in  therapeutic  and  toxic  activity.  The  name  properly  applies 
only  to  the  crystalline  alkaloid  fusing  at  188°  to  189°  (370.4° 
to  372.2°  F.).  Of  seventeen  samples  of  French,  German,  and 
English  "aconitines"  examined  by  Dunstan  and  Carr^  only 
two  approached  this  standard  of  purity:  one,  an  English  product 

'Ph.   Ztschr.   f.   Russland,    1884,  Dorpat,  1884.    Ejnberg:  Diss.,  Dor- 

xxiu.,  313,  329,  345,  361,  377.     See  pat,  1887. 

also  van  der  Bellen:  Diss.,  Dorpat,  ^  ^.rb.  d.  pharm.  Inst.  z.  Dorpat, 

1890.    Dohrmann:    Diss.,     Dorpat,  1895,  xi.,  1-118. 

1*>»8.    Salamonovitz:     Diss.,     Dor-  'J.    Chem.    Soc,    London,    1893, 

pat,     1884.     Jacubowsky:      Diss.,  Ixiii.,  491. 
IV.-54 
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containing  about  three  per  cent,  of  benzoyl-aconin,  and  one 
a  German  preparation  which  was  almost  pure  aconitin.  The 
others, contained  from  "very  Httle"  to  seventy  per  cent.  The 
crystalhne  character  of  the  salts  is  no  guaranty  of  purity,  as  those 
of  benzoyl-aconin  and  aconin  are  also  crystalline.^ 

ACONITIC   POISONING. 

Statistics. — Matthiolus  relates  two  experiments  upon  crim- 
inals, one  at  Rome  in  1524,  the  other  at  Prague,  under  his  own 
direction,  in  1561,  in  both  of  which  one  of  the  two  subjects 
died  and  the  other  recovered  under  treatment.^  Wibmer  also 
cites  several  earty  accidental  poisonings  by  aconite;^  and  Val- 
entini*  reports  the  murder  of  a  man  by  his  wife  in  Copenhagen  in 
1657  by  "monk's  root"  or  "napellus." 

In  more  recent  times  aconitic  poisonings  are  of  rare  occurrence 
in  France  and  Germany,  although,  since  the  introduction  of 
"aconitin"  they  have  increased  in  number;  more  frequent  in 
England  and  in  the  United  States,  and  much  more  frequent  in 
India.  ^ 

Most  of  the  aconitic  poisonings  reported  in  medical  literature 
are  accidental:  159  out  of  191  by  aconite  and  its  preparations, 
and  19  out  of  26  by  "aconitin."  In  60  instances  the  tincture  or 
fluid  extract  was  taken  by  the  victim  either  without  medical 
advice  or  through  mistake  in  the  directions;  in  22  cases  the 
liniment,^  intended  for  external  use,  was  swallowed;  in  15  in- 
stances the  poisonings  were  caused  by  errors  of  pharmacists  in 
compounding  medicines.^     In  19   poisonings  the  root  itself  or 

'  Bus.scher    (BerL   kl.  Wchnschr.,  ers  of  India.     (See  Med.  Times  and 

1S80,  xvii.,  337,  356)  reported  three  Gaz.,  1882,  i.,  63.) 

poisonings,   one   fatal,   traceable   to  "  Linim.    aconiii,    Br.   Ph.,    1874: 

the  varying  activity  of  "aconitines."  20§    aconite  root  are  extracted  to 

^"Comment,      in      Dioscorides, "  produce  a  pint;  while  in  the  tinc- 

Ed.  Frankf.,   1598,   767-768.  ture  24 §  are  used  for  the  same  quan- 

'  "  Wirk.  d.  Arznmitt.  u.  Gifte, "  tity.     Not  official  in  the  U.  S.  Ph. 

i.,  2!)  'Once  a  druggist  used  the  0.05 

* ''Pandect,    med.-leg.,"   i.,    3,    c.  gm.  weight  in  compounding  a  pre- 

28;  Ed.  Frankf.,  1722,  p.  141.  scription     containing     aconitin     in 

^  The  chemical  examiner  for  Ben-  place  of  the  0 .  005  gm.  piece,  causing 

gal  reported  thirty-six  cases  in  the  the    death    of   the   patient    (Vidal: 

ten    years    1860-69.     According    to  These,  Lyon,  1893).     Two  men  died 

Irving,     aconite     (A.    ferox,     called  apparently  from  the  effects  of  pow- 

binh)  is  extensively  used,  as  well  as  dered   aconite   used   in   making  up 

dhatura,  arsenic,  opium,  hemp,  and  a   prescription  in   mistake  for  ipe- 

oleander  by  the  professional  poison-  cacuanha     (Boutmy    and    Gallard, 
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a  decoction  of  it  was  taken  in  mistake  for  some  other  root, 
usually  for  horseradish,  which  is  somewhat  similar  in  appear- 
ance.   The  mistake  is  most  frequently  made  in  the  winter  and 


Fig.  34.— Roots  of  Monkshood  and  Horseradish.     1  and  2,  Aconitum 
napellus;  3  and  4,  Horseradish  {Cochlearia  armoracia). 

Bitchy:  These,  Paris,  1881).  Six  344,  385).  Twelve  persons  were 
persons  were  poisoned,  three  fa-  poisoned,  three  fatally,  by  the  ex- 
tally,  by  "vin  de  quinquina,"  in  pressed  juice  of  aconite  root  in 
whose  preparation  tincture  of  aco-  mistake  for  cochlearia  (Ballardini: 
nite  was  used  in  mistake  for  tine-  Ann.  univ.  d.  Med.,  Milano,  1840, 
ture  of  cinchona  (Lhote  and  Vibert:  iii.,  635). 
Ann.  d  hyg.,  etc.,  1892,  3  s.,  xxvii., 
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early  spring,  when  the  leaves  are  absent.  The  distinctive 
characters  of  the  roots  of  Aconitum  napellus  and  horseradish  are 
well  described  by  Bently/  from  whose  paper  the  accompanying 
cut  is  taken  (Fig.  34).  The  leaves  and  flowers  have  also  been 
taken  by  children,  or  accidentally  used  in  salads,  or  given  in 
jest.  Six  were  non-fatal  poisonings  following  medicinal  ad- 
ministration. On  one  occasion  4  patients  in  a  hospital  were 
poisoned  and  2  died  in  consequence  of  the  administration  of 
a  stronger  preparation  than  had  been  previously  used,-  and  in 
another  case  a  woman  died  from  the  effects  of  a  "nitrate  of  aconi- 
tine"  of  greater  purity  than  samples  previously  used.^  The 
variation  in  the  purity  of  commercial  "aconitines"  was  also  the 
indirect  cause  of  the  death  of  Dr.  Meyer,  of  Winschoten,  who 
took  a  large  dose  of  a  prescription  containing  "  nitrate  of  aconi- 
tine"  which  had  caused  severe  symptoms  in  two  patients,  to 
prove  its  safety  He  died  in  five  hours.*  Another  instance  of 
self-poisoning  with  the  same  object,  but  under  different  circum- 
stances, was  that  of  an  herbalist  in  England,  also  in  1880,  who 
took  a  quantity  of  his  preparation  and  gave  some  to  his  servant, 
to  prove  its'  innocence.  Both  men  died.^  Toxic  effects  have 
also  resulted  from  the  use  of  the  homoeopathic  tincture,"  and 
from  administration  by  "medical  botanists'"  and  spiritualists.* 
The  external  application  of  the  liniment,"  or  tincture,'"  or  oint- 
ment containing  aconitin,'"^  or  even  contact  of  the  root  with  the 
skin  during  hot  weather,  ^^  or  inhalation  of  its  dust  while  pow- 
dering it,'^  have  caused  more  or  less  serious  poisoning. 


'  Ph.  J.  and  Tr.,  1856,  xv.,  449.  nalewski:     Ztsch.    f.    Med.-Beamte, 

^Pereyra    and    Perrin:     Gaz.     d.  1904,  xvii.,  469. 

hop.,  1839,  2  s.,  i.,  145.  'Ph.   J.   and  Tr.,   1873-74,  3  s., 

^Garaud:   Loire  m(5d.,    1892,   xi.,  iv.,  865. 

149.     Ducher:     Ibid.,     208.     Brou-  '  Channing:  Boston  M.  and  S.  J., 

ardel,  Crolas  and  Lepine:  Arch.  d.  1857,  Ivi.,  453. 

I'anth.  crim.,  1892,  vii.,  179.  "  Keene:    Boston   M.   and  S.  J., 

*Busscher:     Berl.     kl.     Wchn-  1872,  Ixxxvi.,  74. 

schr.,   1880,  xvii.,   337,   356.     Tres-  '» Larison:    Tr.    M.    Soc.    N.  J., 

ling:      Schmidt's      Jahrb.,       1881,  1874,   185.     Belcher:  Dublin  Q.  J. 

clxxxix.,       No.       2.         Husemann:  M.  Sc,  1862,  xxxiv.,  476. 

Phann.  Ztg.,   1880,  xxv.,  445,  453,  "  Bassot:    "Etude  m6d.-l^g.  sur 

459.  I'aconitine, "  Lyon,  1889,  p.  30. 

=  Ph.   J.   and  Tr.,   1880-81,   3  s.,  '=  [Sherwill]:  Med.  Times  and  Gaz., 

xi.,  423.  1882,  i.,  63. 

"Thompson:     Cine.     Lane,     and  "Isaacs:   N.   Y.   J.   of  M.,  1859, 

Clin.,   1874,  xvii.,   206;  Ph.  J.  and  3  s.,  vii.,  191. 
Tr.,   1873-74,   3  s.,  iv.,   598.     Kor- 
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According  to  Boutmy/  a  girl  was  destioyed  by  a  mixture  of 
aconitin  and  veratrin  taken  to  provoke  abortion. 

Of  the  27  SUICIDES  by  aconitic  poisoning  19  were  males, 
mostly  physicians  and  druggists,  and  8  females;  9  took  the 
tincture,  4  took  Fleming's  tincture,  5  the  root,  :i  '' aconitine," 
and  1  each  the  liniment,  an  aqueous  extract,  an  infusion,  and 
"neuraline."^  Of  the  suicides  by  aconitin  one  was  an  early  case 
in  which  the  product  taken  must  have  been  quite  impure,^  an- 
other was  the  case  of  an  analytical  chemist  who  took  eight 
grains  (0.5  gm.)  of  "  German  aconitine,"*  and  the  third"'  that  of  a 
woman  who  destroyed  herself  with  0.00175  gm.  (0.027  grain)  of 
pure  aconitin.  The  sudden  death  of  the  Baron  de  Reinach  in 
1893  was  supposed  to  have  been  caused  by  aconitin  taken  with 
suicidal  intent." 

Homicidal  aconitic  poisonings  are,  apparently,  of  rare  oc- 
currence. Excluding  the  ancient  case  above  referred  to  and 
certain  imperfectly  reported  Indian  poisonings,  we  find  mention 
of  but  nine  cases.  In  one  a  woman  in  Ireland  was  convicted  of 
the  murder  of  her  husband  by  mixing  "blue  rocket"  with 
greens  prepared  for  him.'  A  similar  case  is  referred  to  by 
Schauenstein  as  having  occurred  in  Austria.^  In  another  a  man 
was  convicted  of  the  murder  of  his  wife  by  aconite  in  New  York 
State  in  1853.°  The  death  of  a  woman  in  England  in  1863  appears 
to  have  been  due  to  aconite  criminally  administered,  although 
the  coroner's  jury  did  not  so  find.'"  In  1867  a  physician  in  Eng- 
land was  accused  of  the  murder  of  his  wife  by  aconite,  and  com- 
mitted suicide  by  hydrocyanic  acid."  In  1882  an  American 
physician,  resident  in  England,  was  convicted  of  the  murder  of  a 
relative  by  administration  of '  'aconitine. "  '^    A  number  of  patients 

'  Ann.  d'hyg.,  1880,  3  s.,  iv.,  207.  hegan:    Dublin    J.    M.,    1841,    xix., 

'According  to  Harley,  neuraline  403. 

is  a  preparation  of  aconite   mixed  *Masclika:   "Handb.,"  ii.,   535. 

with   chloroform   and    rose    water.  °Peo.    v.    Hendrickson:    "Report 

(See  Lancet,  1875,  ii.,  454.)  of  Trial, "  Barnes  and  Hevenor,  Al- 

'Bird:  Lancet,  1848,  i.,  14.  bany,  1853.     Swinburne:  M.  and  S. 

'Springmiihl:     Med.     Press     and  Reptr.,  Phila.,  1862,  vii.,  361.     See 

Circ,  1882,  n.  s.,  xxxiii.,  439.  also  "Detection"  below. 


.e,ne,    ex    Vidal:    TMse,  '"Case  of  Eliz.  Morris:  Ph.  J.  and 

Paris,  1893,  p.  64.  Tr.,  1863-64,  n.  s.,  v.,  379. 

'See      Brouardel,      Richardiere,  ''Ibid.,   1866-67,   n.   s.,  viii.,  93. 

Ogier,  Schutzenberger,  and  Villiers:  Case  of  Dr.  Warder. 

Ann.  d'hyg,  1893,  3  s.,  xxix.,  161-  ''  Reg.  v.  Lamson,    Centr.   Crim. 

198.  Crt.,  "  Sessions  Paper,"  xcv.,  pt.  569, 

'Reg. )).  McConkey,  1841.     Geog-  pp.    547-590.     Browne   and   Stew- 
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in  an  insane  asylum  in  Virginia  were  poisoned  by  "  aconitine" 
introduced  into  their  medicine  from  some  source  other  than  the 
asylum  dispensary,  in  1882.'  An  insane  woman  in  New  Hamp- 
shire attempted  to  destroy  her  two  children  and  did  destroy 
herself  with  aconite  in  1892..  Felletar^  reported  a  Hungarian 
case  in  which  a  woman  caused  the  death  of  her  husband  by  a 
watery  extract  of  the  root.  CareP  has  reported  a  Minnesota  case 
in  which  a  man  died  suddenly  from  poisoning  by  aconite  or 
aconitin,  apparently  administered  by  his  wife  and  a  farm  hand, 
and  refers  to  four  other  cases  investigated  by  him. 

Lethal  Dose. — The  lethal  dose  of  pure,  crystallized  aconi- 
tin is  very  small.  A  woman  of  thirty-seven  years  was  found 
dead  after  having  taken  0.00175  gm.  (-jy  grain)  of  Duquesnel's 
preparation.*  But  in  Veil's  case^  a  pharmacist  took  0.012  gm. 
(nearly  \  grain)  of  crystallized  aconitin  and  recovered. 

In  considering  the  lethal  dose  of  the  preparations  of  aconite 
regard  must  be  had  to  the  variations  in  strength  in  different 
pharmacopoeias,  and  to  the  possibility  that  in  the  preparation 
of  samples  which  have  been  taken  in  large  doses  without  caus- 
ing death  some  species  or  aconite  other  than  A.  napellus  (the 
only  one  recognized  in  the  United  States  and  British  pharma- 
copceias)  may  have  been  used.  Of  the  liquid  preparations  of 
the  root  100  c.c.  contain  the  active  principles  of  the  following 
quantities  (in  grams)  of  the  dry  drug-  Tincture,  Br.  Ph.,  12.5; 
tincture,  U.  S.  Ph.,  10  (  =  0.045  aconitin);  tincture,  Fleming's, 
66.6;  fluid  extract,U.  S.  Ph.,  0.4  aconitin;  liniment,  Br.  Ph.,  100.* 
Moreover,  the  proportion  of  aconitin  in  the  plant  varies  with  the 
season  at  which  it  is  collected. 

Although  the  maximum  medicinal  dose  is  usually  fixed  at 
0. 1  gm.  (gr.  iss.)  of  aconite,  the  smallest  quantity  which  we  can 
find  referred  to  as  having  caused  death  was  one-third  of  a  tea- 
art:  "Trials  for  Murder  by  Poison, "  =  St.  Paul  M.  J.,  1906,  viii.,  666. 
514-567.     Dupr6:     Westm.     Hosp.  ■*  Lacassagne:  Loc.  cjY. 
Rep.,    1885,  i.,    105;   Lancet,    1882,          =  France  m4d.,  1893,  xl.,  610. 
i.,    455.     Stevenson:    Guy's    Hosp.          °  It  is  also  not  certain  that  these 
Rep.,  1883    3  s.,  xxvi.,  307.                    proportions  have  been  adhered  to  in 
iPharm.   J.  and  Tr.,    1883,  3  s.,      the  preparation  of  a  given  "tinc- 
xiii.,  901.    Wormley:  "Micro-Ch.  of      ture,"etc.     Thus  in  Topham's  case 
Poisons,"  2d  ed.,  p.  618.    Peterson      (Lancet,  1851,  ii.,  56)  the  tincture 
and  Haines:  "Leg.  M.  and  Tox.,"      was  made  with  §iv.  of  aconite  and 
ii.,  460.                                                         one  pound  of  spirit  =  25 . 7  to  100  c.c. 

"  Pest,    med-chir.    Presse     1904 
xl.,  603. 
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spoonful  (  =  iixx.  =0.5  gm.  aconite)  of  the  U.  S.  Ph.  tincture. 
This  quantity  caused  the  death  of  a  sick  man  of  thirty-four 
years  in  eighteen  hours  after  having  been  given  him  in  mistake 
for  other  medicine.^  Roth^  has  reported  the  fatal  poisoning  of 
a  man  by  6  to  7  gm.  of  the  Ph.  Germanica  tincture  (ten  per  cent, 
aconite),  corresponding  to  0 . 6  to  0 . 7  gm.  of  aconite,  and  considers 
this  as  a  dose  more  than  sufficient  to  destroy  life.  One  death 
from  three  drachms  of  the  Br.  Ph.  tincture  (=  1 .  39  gm.  aconite)^ 
and  two  from  two  drachms  of  the  U.  S.  Ph.  tincture  (  =  2.95 
gm.  aconite)*  are  reported.  Falck"  gives  the  minimum  lethal 
dose  as  3. 75  gm.  of  the  tincture  (Ph.  Germ.?).  But  several  cases 
have  been  observed  in  which  persons  have  recovered  from  the 
effects  of  much  larger  doses.  In  two  instances  one  ounce  of  the 
U.  S.  Ph.  tincture  (=11.83  gm.  aconite)  failed  to  cause  death;" 
in  another  four  drachms  of  the  fluid  extract  (=14.79  gm.  aco- 
nite),' in  another  one  ounce  of  Fleming's  tincture  (=19.69  gm. 
aconite),^  in  another  one  ounce  of  the  liniment  (  =  29.57  gm. 
aconite), °  and  in  still  another  two  ounces  of  the  liniment  (  =  59 
gm.  aconite)'"  were  recovered  from. 

The  poisoning  of  Dr.  Male  in  1845  would  seem  to  indicate 
the  possibility  of  a  cumulative  action.  He  was  taking  the  tinc- 
ture in  five-drop  doses  for  rheumatism,  without  effect.  The 
day  after  having  taken  a  dose  of  ten  drops  he  was  seized  with 
the  symptoms  of  aconite  poisoning,  and  died  the  following  even- 

'  Waddell:     Cine.      Lancet     and  *  Jones:     Northwestern     Lancet, 

Clin.,  1875,  xvii.,  427.     In  the  re-  1SS4-85,     iv.,     83.     Edson:     Med. 

port  of  the  case  of  Reg.  v.  Noakes  Rec,  N.  Y.,  1890,  xxxviii.,  365. 

(Ph.  J.  and  Tr.,  1865-66,  n.  s.,  vii.,  =  "Lehrb.  d.  prakt.  Tox.,"  1880, 

243,  489,  527)   it  does  not  appear  234. 

whether    the     rr^xxx.     of    tincture  i^  Tuttle:  Boston  M.  and  S.  Jour., 

which  caused  the  death  of  a  man  of  1891,  cxxv.,  678,  M.  ad.,  A.     Cox: 

eighty  years,  suffering  from  disease  Phila.  M.  Times,   1872,  iii.,   74,  F., 

of  the  heart,  in  a  few  hours  was  the  65,  A.     In  Darby's  case  (M.  and  S. 

Br.  Ph.  tincture,  which  would  have  Reptr.,    Phila.,     1859,     i.,     399)     a 

corresponded  to  0 .  46  gm.  aconite,  or  liniment  containing   §i.  da  of  lau- 

Fleming's  tincture,  =2.46  gm.  aco-  danum,    tincture    of    aconite,    and 

nite.    Taylor:  ("Poisons,"  3d  Am.  olive  oil  was  swallowed  by  a  woman 

ed.,  722)  relates  that  " an  excise  ofE-  of  forty-nine  years,  who  recovered, 

cer  lost  his  life  by  merely  tasting  'Altenloh:  N.  Y.  M.  Jour.,  1893, 

ilemmg  s  tincture  of  aconite,  under  Ivii.,  358,  F.,  30,  S. 

the  supposition  that  it  was  flavored  «  Bradley:  Med.  Rec,  N.  Y.,  1SS7, 

spirit.       The  quantity  required  for  xxxii.,  155. 

an  excise  officer's  taste  is,  however,'  "Elliott:   Lancet,    1878,    ii.,    917, 

not  fixed.  p     21    A. 

'Vrtljschr.  f.  ger.  Med.,  1883,  n.  ''i°  O'Connor:    Dublin    J.    M.   Sc, 

J'.,^xxxix.,  76.  1857,  xxiii.,  224,  F.,  70,  A. 
;er:  Brit.  M.  J.,  1883,  ii.,  1067. 
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ing.  The  total  quantity  taken  during  four  days  was  eighty 
drops  (  =  0.3  aconite  if  the  Br.  Ph.,  or  1.64  gm.  if  Fleming's).' 

Duration. — The  usual  duration  of  a  fatal  aconitic  poisoning  is 
from  1  to  5  hours,  in  whatever  form  aconite  may  be  taken,  ex- 
cept that  in  the  two  cases  of  fatal  poisoning  by  the  leaves, 
death  occurred  in  20  and  24  hours.  ^  The  lethal  action  of  the 
root  is  practically  as  rapid  as  that  of  the  tincture:  the  average 
duration  of  sixteen  cases  of  death  from  the  tincture  was  4 
hours;  that  of  nine  instances  in  which  the  root  was  taken  was  4| 
houi"s.  Nor  is  the  average  duration  shorter  with  aconitin  than 
with  the  crude  drug,  so  far  as  can  be  learned  from  the  small 
number  of  fatal  cases  recorded:  In  Lacassagne's  case'  the 
woman  was  found  dead  3  hours  after  having  been  seen  well; 
in  another  case,  noticed  by  Vidal,^  a  man  died  in  an  hour  and 
a  quarter;  in  Garaud's  case,^  in  which  three  doses  were  taken 
during  one  hour,  death  followed  in  3  hours  and  5  minutes  after 
the  first;  Percy  John  died  in  4j  hours,®  Dr.  Meyer  in  5  hours,'  and 
Springmiihl's  patient  in  12  hours. ^  The  average  duration  of 
these  six  cases  is  4  hours  and  40  minutes.  In  the  meagre  ac- 
count of  the  Staunton  poisonings  it  is  stated  that  "within  10 
minutes  several  died,  two  died  after  2  hours,  and  another 
after  2  days."^  There  probably  existed  other  causes  of  death 
in  the  case  last  referred  to. 

The  most  rapidly  fatal  case  is  that  of  a  man  of  thirty-five 
years  who  accidentally  swallowed  an  unmentioned  quantity  of 
the  liniment  and  died  in  less  than  7  minutes."  A  man  died  in 
half  an  hour  after  having  taken  an  ounce  of  the  Br.  Ph.  tinc- 
ture." In  two  cases  the  same  tincture  caused  death  in  If 
hours,'-  and  in  one  the  liniment  was  fatal  in  an  hour. '^  The 
root,  eaten  in  mistake  for  horseradish,  killed  a  man  in  1  hour." 

Excluding  the  three  cases  above  referred  to,  the  most  pro- 

'  Prov.    M.    and    S.    Jour.,    1845,  '  Busscher:  Loc.  cit. 

535;  Ph.  J.  and  Tr.,  1845-46,  v.,  140.  '  Loc.  cU. 

=  Lancet,    1856,    i.,    715.     Willis,  "Ph. J.andTr.,18S3,3s.,xiii.,901. 

quoted    by    Wibmer:    "Wirkung,"  '»  Bennet:    Monthly    J.    M.   Sc, 

etc.,  i.,  29.  1852,  xv.,  69. 

'  Loc.  cit.  "  Ph.   J.   and  Tr.,  1873-74,  3  s., 

<  These,  Lyon,  1S93,  p.  59.  iv.,  218. 

=  Loire     m4d.,     1892,     xi.,     149.  '     ^' Sesiger:  Loc.  cit.    Taylor:  Guy's 

Ducher:      Ibid.,      208.      Brouardel,  Hosp.  Rep.,  1864,  3  s.,  x.,  187. 

Crolas,  and   Lupine:  Arch.  d.  I'an-  '^Ph.  J.  and  Tr.,  1878-79,  3  s., 

thr.  crim.,   1892,  vii.,   179.  ix.,  607. 

»  Reg.  V.  Lamson:  Loc.  cit.  >*  Ibid.,  1853,  xiii.,  294. 
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tracted  case  was  that  of  a  man  who  died  in  1 8  hours  after  hav- 
ing taken  iTRXx.  of  the  U.  S.  Ph.  tincture.'  In  Hatfield's  case^ 
a  man  of  sixty-four  years  died  in  13  hours  after  having  eaten 
of  the  root. 

In  non-fatal  cases  the  severe  symptoms  usually  disappear  in 
a  few  hours,  although  the  numbness  and  tingling  may  persist 
for  several  days.  Thus  a  girl  suffering  from  hysterical  coxalgia 
recovered  from  the  effects  of  five  granules  of  Duquesnel's  acon- 
itin,  but  the  tingling  persisted  in  both  legs  for  several  days, 
and  in  the  one  affected  for  15  days.^  Sometimes  headache, 
anorexia,  and  depression  of  spirits  remain  for  2  or  3  days. 

Method  of  Action. — Aconitin  produces  first  a  transitory 
stimulation  of  the  motor  centers  of  the  brain  and  cord,  and  of 
the  peripheral  nerve  terminations  of  the  sensory  and  secretory 
nerves.  The  dyspncEa  and  slowing  of  the  pulse  are  caused  partly 
by  stimulation  of  the  centripetal  fibers  of  the  vagus.  The  stimu- 
lation is  soon  followed  by  paralysis,  and  death  may  result  from 
arrest  of  respiration.  Its  action  upon  the  heart  is  first  stimu- 
latory of  the  motor  ganglia,  with  pulse  acceleration,  followed 
by  paralysis,  attended  with  stimulation  of  the  intracardial 
break  apparatus,  and  consequent  irregularity  and  slowing  of 
the  pulse,  and  fall  of  blood  pressure,  with  cardiac  peristalsis,  and 
arrest  in  diastole.  The  action  resembles  that  of  the  digitalis 
poisons,  except  that  the  ventricular  extensibiUty  is  diminished.* 
Aconitin  causes  diminution  of  body  temperature.* 

Symptoms. — The  first  effects  of  aconite  or  aconitin,  when 
taken  by  the  mouth,  are  usually  manifested  immediately,  or 
within  a  few  minutes.     In  some  instances,  however,  the  symp- 

'Waddell:  hoc.  cit.  Diss.,  Berlin,    1875.     Giulini:  Diss., 

'Med.    Times    and    Gaz.,     1857,  Erlangen,   1876.     Hogyes:   Arch.   f. 

.xiv.,  228.  exp.    P.    u.    P.,     ISSl,    xiv.,     113. 

'Arnozan:    J.    d.    m6d.    d.    Bor-  Laborde   and   Duquesnel:   "Aconits 

deaux,    ex     Vidal:     Tlifese,     Lyon,  etAconitine,"  Paris,  1883.    Mennike: 

1893.  Diss.,    Halle,    1883.     Wagner:   Diss. 

^VonPraag:  Vireh.  Arch.,  1854,  Dorpat,  1887.  Cohn:  Diss.,  Berlin, 
vu.,  438.  Achscharumow:  Arch.  f.  1888.  Durdufi:  Arch.f.exp.P.u.P., 
Anat.  u.  Physiol.,  1866,  255.  Wey-  1889,  xxv.,  451.  Lubbe:  Diss.,  Dor- 
land:  Diss.,  Giessen,  1869.  Bohm  pat,  1890.  Steckhan:  Diss.,  Kiel, 
u.  Wartmann:  Verh.  d.  Wiirtemb.  1891.  Matthews:  J.  of  exp.  Med., 
phys.-med.  Gesell.,  1872,  n.  F.,  iii.,  1897,  ii.,  593.  Rosendahl:  Arb.  d. 
62.  Bohm:  Arch.  f.  exp.,  P.  u.  P.,  pharm.  Inst,  zu  Dorpat,  1S95,  xi- 
1873,  i,,  385.  Ewers:  Diss.,  Dorpat,  xii.,  1.  Spineau:  Arch.  int.  de 
1873.  Gr^hantand  Duquesnel:  C.r.  pharmacod.,  1902,  x.,  281. 
Ac.  sc,  1871,  Ixxiii.,  209.  Guillaud:  =  Hogyes:  Arch.  f.  exp.  P.  u.  P., 
Inese,    Montpelier,    1875.      Lewin:  1881,  xiv.,  128. 
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toms  have  been  delayed.  An  alcoholic  took  an  ounce  of  the  U. 
8.  Ph.  tincture  by  mistake  at  10:30;  at  10:50  he  felt  sick,  and 
vomited  at  11:15  for  the  first  time.'  A  woman  took  between 
0.0025  and  0.005  gm.  of  "aconitin"  for  violent  neuralgia,  and 
only  commenced  to  experience  nausea  and  vertigo  an  hour  later.^ 
A  physician  took  about  2  gm.  of  the  "  alcoolature  "  during  three- 
quarters  of  an  hour,  and  in  two  hours  was  attacked  with  faint- 
ness  and  vertigo.^  A  woman  took  three  drachms  of  the  U.  S. 
Ph.  tincture  in  mistake  on  going  to  bed,  and  awoke  three  and  a 
half  hours  later  with  general  distress  and  tinghng.*  In  the 
single  case  of  hypodermic  administration  which  we  find  re- 
corded, in  which  0.002  gm.  (0.03  gr.)  were  injected  in  mistake 
for  morphin,  the  patient  immediately  experienced  a  sensation  of 
burning  and  prickling  at  the  seat  of  injection,  and  the  usual 
tingling,  etc.,  beginning  at  the  lips,  in  a  quarter  of  an  hour.' 
In  one  non-fatal  poisoning  by  external  application  of  the  tinc- 
tures of  opium  and  aconite  the  symptoms  began  to  appear  in  half 
an  hour." 

A  peculiar  tingling  or  prickling  sensation,  or  formication,  is 
felt,  first  at  the  lips,  then  in  the  tongue  and  mouth,  and  is  ac- 
companied by  a  feeling  of  numbness,  both  sensations  extending 
until  the  entire  surface,  particularly  that  of  the  extremities,  is 
affected.  There  is  a  horrible  strangling  or  clutching  sensation 
in  the  throat,  deglutition  is  difficult,  and,  later,  attempts  to 
swallow  provoke  spasms  which  may  be  violent  and  hydrophobic 
in  character.  The  teeth  feel  as  if  loose,  the  throat  feels  dry,  and 
there  are  sensations  of  swelling  or  enlargement  of  the  face  and 
forehead,  headache,  and  twitching  of  the  facial  muscles,  and 
sometimes  lachrymation.  There  is  a  sense  of  sinking  or  pain, 
which  in  some  instances  is  quite  violent,  in  the  epigastrium.' 
Nausea  is  felt  early,  is  accompanied  by  salivation,  and  is  rap- " 
idly  followed  by  the  most  violent  and  persistent  retching  and 
vomiting.  The  act  of  vomiting  is  a  convulsive  spasm  of  the 
abdominal  muscles  and  diaphragm,  by  which  the  fluid  is,  as  it 

'  Tuttle:  Boston  M.  and  S.  Jour.  =  Franceschini:       These,      Paris, 

1891,  cxxv.,  678.  1S75. 

^  Chandelux,  in  Basset:  Op.  cit.,  "  Keene:  Boston  M.  and  S,  Jour., 

p.  45.  1S72,  Ixxxvi.,  74. 

^  Morel- La  vallee:     France     m6d.,  'Leigh:    Edinb.    >I.    J.,    1894-5, 

1887,  xxiv.,  753.  xl.,    638,    describes   the   sensations, 

■'  Carlton:     Boston     M.     and     S.  experienced  by  himself. 
Jour.,  1879,  ci.,  544. 
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were,  "jerked  out."  After  a  very  brief  period  of  cardiac  stimu- 
lation, the  pulse  soon  becomes  slower,  more  feeble,  irregular,  and 
dicrotic,  then  flickering  and  finally  imperceptible.  There  is 
great  weakness,  and  slight  exertion  provokes  syncope,  and  in 
some  instances  cardiac  pain.  There  is  marked  dyspna-a,  and 
the  respiration  is  usually  shallow  and  hurried,  or  slow  and  ir- 
regular. Complete  apparent  cessation  of  the  respiratory  and 
cardiac  actions  have  been  observed  in  cases  which  have  recovered 
under  treatment.'  The  patient  is  greatly  prostrated,  weak, 
in  fear  of  death,  restless,  with  pale  face,  blue  Hps,  and  surface 
covered  with  cold  perspiration.  The  extremities  are  cold,  some- 
times paralyzed,  and  sometimes  affected  with  lancinating  pains 
in  the  joints.  There  are  chills  and  a  subnormal  temperature. 
The  eyes  are  staring,  glistening,  and  the  pupils  usually  dilate, 
with  more  or  less  complete  loss  of  sight  or  diplopia.  In 
some  instances  there  are  hallucinations,  sleep  is  interrupted  by 
dreams,  or  the  patient  may  become  violently  maniacal.^  In 
some  instances  there  has  been  copious  purging,  the  stools  being 
passed  unconsciously  and  involuntarily.^  Death  is  usually  from 
syncope.  In  most  instances  the  patient  is  perfectly  conscious  to 
the  last;  but  in  some  there  is  unconsciousness;*  or  the  patient 
may  become  comatose;^  or  convulsions,  even  of  great  violence," 
with  trismus'  and  other  tetanic  manifestations,*  and  cramps  in  the 
extremities'  have  been  observed.  The  urine  is  retained  in 
most  cases,  although  in  Garaud's  case'"  micturition  and  de- 
fecation were  abundant;  and  in  Stewart's  case''  there  was  great 

'Meldon:  M.  Pr.  and  Circ,  1878,  «Wood:  Austral.  M.  J.,   1879,  n. 

n.  s.,  XXV.,   232.     Richardson:   M.  s.,     i.,     283.     Busscher:     Berl.     kl. 

Times  and  Gaz.,  1869,  ii.,  709.  Wchnschr.,    1880,    xvii.,    337,    356. 

'  Barnett:  Med.  Rec,  N.  Y.,  1887,  Springmilhl:       hoc.       cit.        Clark: 

xxxii.,  761.     Valentine:   N.   Y.   M.  Maryland  M.  J.,  1882-83,  ix.,  423. 

J.,  1888,  xlviii.,  659.     Jones:  North-  Seager:    Brit.    M.    Jour.,    1883,    ii., 

western  Lancet,  1884-85,  iv.,  83.  1067.     Bradley:  Loc.  cit. 

^ Jones:   Loc.    cit.     Altenloh:    N.  'Busscher:       Loc.       cit.        Veil: 

Y.  M.  J.,   1893,   Ivii.,   358.     Wad-  France   mM.,    1893,   xL,    610.     Al- 

dell:  Loc.  cit.     Garaud:  Loc.  cit.  tenloh:  Loc.  cit.    Baker:  Am.  Pract. 

.  *Topham:  Lancet,   1851,  ii.,   56.  and  News,  1887,  n.  s.,  iv.,  122. 
Brick:  J.  Am.  M.  Assoc,  1887,  viii.,  »  Springmuhl:  Loc.  cit. 

567.    Tuttle:    Boston    M.    and    S.  »  Veil:     Loc.     cit.      Franceschim: 

Jour.,  1891,  cxxv.,  678.     Robinson:  Loc.  cit. 
md.,  1892,  cxxvii.,  192.  '°  Loc.  cit. 

'  Bradley:    Med.    Rec,     N.    Y.,  "  M.  and  S.  Reptr.,  Phila.,  1886, 

1887,    xxxii.,     155.      Valentine:  liv.,  583. 
Loc.  cit.  Springmuhl:  M.  Press  and 
Circ,  1882,  n.  s.,  xxxiii.,  439. 
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incontinence  of  urine.     A  peculiar  plaintive  cry,  not  loud  but 
prolonged,  is  sometimes  uttered.' 

Among  other  unusual  manifestations  the  following  have 
been  observed:  In  Dr.  Meyer's  patient  there  was  no  vertigo 
and  no  tingling  sensation,  and  Dr.  Meyer  himself,  who  took 
aconitin  nitrate  on  a  full  stomach  and  died  in  five  hours,  did 
not  vomit. ^  Altenloh's  patient,^  who  took  four  drachms  of  the 
fluid  extract  and  recovered,  did  not  vomit  at  any  time;  and 
Morell-Lavallee's  patient,^  who  also  recovered  from  the  effects 
of  a  large  dose,  neither  vomited  nor  experienced  nausea,  but 
suffered  a  sensation  of  epigastric  pressure  {barre  epigastrique). 
Although  the  respiration  is -usually  shallow  and  hurried,  Brad- 
ley,^ Valentine,'  McWhannell,*  and  Thach"  have  reported  cases 
in  which  it  was  slow  and  stertorous.  In  the  case  of  a  man  who 
died  from  the  effects  of  the  tincture,  taken  by  mistake,  the  pulse 
was  described  as  "rapid  and  bounding"  three-quarters  of  an 
hour  after  the  poison  had  been  taken.  °  Although  consciousness 
is  usually  perfect,  in  Topham's  case'  the  patient  was  entirely  un- 
conscious when  seen  by  the  physician,  only  spoke  intelligently 
twice,  and  after  recovery  had  no  remembrance  of  anything 
which  had  occurred  for  two  hours  previous  to  the  time  when 
she  was  seen.  In  two  instances  the  patients  became  very  sleepy, 
the  condition  amounting  to  profound  stupor  in  a  physician  who 
had  himself  taken  an  overdose.*'  There  are  rarely  intermis- 
sions in  the  symptoms,  but  in  a  woman  who  recovered  from  the 
effects  of  two  ounces  of  the  U.  S.  Ph.  tincture,  the  respiration 
had  stopped  and  all  hope  was  given  up,  when  suddenly  the  pulse 
could  be  felt  and  rapidly  climbed  up  to  40;  very  soon  the  cheeks 
became  flushed  and  the  extremities  warm,  but  in  half  an  hour 
the  pallor  returned  and  the  pulse  began  to  fail.  The  improve- 
ment is  attributed  to  the  remedies  applied.'  A  dilated  condition 
of  the  pupils  is  not  constant;  instances  are  reported  in  which 
they  were  contracted."     In  McWhannell's  case"  they  only  be- 

'Topham:    Loc.    cit.      Garaud:  »  Baker  (T.  H.):  Z/OC.  C(<.     Baker 

Loc.  cit.  (F.  G.) :  Brit.  M.  Jour.,  1882,  ii.,  1039. 

^  Buaseher:  Loc.  cit.  "O'Brien:     Med.    Rec,    N.    Y., 

'  Loc.  cit.  1879,  XV.,  128. 

*  Brit.  M.  Jour.,   1890,  ii.,  791.  "Topham:    Loc.    cit.     Robinson: 

'^  Nashville   J.   M.    and   S.,    1891,  M.  and  S.  Reptr.,  Phila.,  1885,  liii., 

Ixx.,  49.  192.     Carlton:    Boston   M.   and  S. 

"Eade:  Lancet,  1882,  i.,  478.  Jour.,  1879,  ci.,  544. 

'  Loc.  cit.  11  Loc.  cit. 
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came  dilated  immediately  before  death.  In  Thach's  case'  they 
contracted  and  dilated  alternately.  In  Dr.  Meyer's  patient,^ 
and  in  a  girl  of  sixteen  years,  they  were  at  first  contracted  and 
afterward  widely  dilated,^  in  the  latter  case  remaining  so  for 
twelve  hours.  In  Isaacs'  case  of  poisoning  by  inhalation  of  the 
dust  aphonia  was  a  prominent  symptom,  and  persisted  for  two 
weeks.'' 

In  England  a  few  fatal  poisonings  have  resulted  from  the 
swallowing  of  the  "compound  liniment  of  belladonna  and  aconite" 
by  mistake,  in  which  the  aconitic  action  was  dominant.^ 

Treatment. — The  stomach  is  to  be  washed  out  as  soon  as 
possible,  preferably  with  water  containing  a  solution  of  iodin  in 
potassium  iodid  {Liquor,  iodi  compositus),  which  forms  a  crys- 
talline, insoluble  compound  with  aconitin.  In  the  absence  of 
the  necessary  instruments  an  emetic  of  zinc  sulfate  or  of  apomor- 
phin  may  be  given,  notwithstanding  the  tendency  to  emesis 
caused  by  aconite.  Respiration  is  to  be  maintained  artificially 
if  necessary.  Diffusible  stimulants,  ether,  ammonia,  brandy, 
etc.,  should  be  given  by  hypodermic  or  intravenous  injection  or 
by  enemata.  Digitalis,  strychnin,  and  atropin  have  been  given 
hypodermically  to  counteract  the  cardiac  effects  of  aconitin,  and 
amyl  nitrite  by  inhalation  to  control  the  spasms.  The  diminu- 
tion of  temperature  is  opposed  by  warmth  externally  applied 
(hot  bottles,  hot  baths) . 

Post-mortem  Appearances. — These  are  in  no  way  char- 
acteristic. If  the  autopsy  be  made  soon  after  death  the  pupils 
are  found  widely  dilated. °  The  gastric  mucous  membrane  is 
reddened,  hypersemic,  and  marked  with  spots  or  islands  of  more 
intense  injection  of  the  vessels.  The  duodenum  and  small  intes- 
tine present  similar  appearances.     There  is  also  marked  conges- 

^Loc.cU.  aconite  and  Tr.  bellad.,  D.  25  min. 

'  Busscher:  Loc.  cit.  Coles    (Virg.    M.    Mthly.,    1875,    ii., 

'Larison:    Tr.    M.    Soc,    N.    J.,  461)   reports  a   non-fatal   poisoning 

1874,  185.  from  a  similar  mixture.     The  deaths 

*  N.  Y.  J.  of  M.,  1859,  3  s.,  vii.,  of  two  men  by  a  mixture  of  aconite 

191-  and  lobelia   are  reported  in  Ph.  J. 

=  Simpson:  Brit.  M.  J.,   1882,  i.,  and   Tr.,    1880-81,    3    s.,    xi ,    423. 

|''4,  M.,  ad.,  §i.     Richardson: /6id.,  Several  deaths  also  occur  annually 

1885,  1.,  327,  M.,  65,  60  gm.,  D.  in  in  England  from  swallowing  "A.  B. 

71  hrs.     Lipscomb:  Ibid.,   1888,   i.,  C.    liniment"    (aconite,    belladonna 

694,  F.,  17,  30  gm.,  D.  in  1  hr.  40.  and  chloroform). 

Jones:  Lancet,  1888,  ii.,  313,  F.,  75,  ^  In  the  Lamson  case    sixty-four 

15  gm.,  R.    Hamilton:   Edinb.   M.  hours  after  death. 
i;  1881-82,  xxvii.,  443,  F.,  19,  Tr. 
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tion  of  the  liver,  spleen,  kidneys,  lungs,  and  brain.  The  right 
ventricle  contains  much  dark  fluid  blood.  In  the  pericardium, 
peritoneum,  and  meninges  are  numerous  punctiform  or  small  ex- 
travasations of  blood,  which  are  also  found  in  the  cerebral  sub- 
stance. There  are  effusions  in  the  pericardium  and  in  the  ven- 
tricles of  the  brain. 

Detection. — In  the  exceptional  cases  in  which  portions  of 
the  plant  have  been  taken,  these  may  be  recognized  in  the  stom- 
ach contents.  In  a  systematic  analysis  aconitin,  if  present,  will 
be  extracted  by  benzene  from  the  alkaline  aqueous  solution  (see 
p.  163),  and,  under  favorable  conditions,  is  left  as  a  crystalline 
residue.  The  aqueous  solution  should  not  be  heated,  as  aconitin 
is  thus  readily  hydrolyzed.  It  is  preferable  to  evaporate  under 
diminished  pressure,  and  to  use  only  acetic  acid  and  sodium 
carbonate  in  strictly  necessary  quantity  in  effecting  the  reaction. 

Aconitin  does  not  produce  any  color  reaction,  nor  is  there 
any  special  chemical  test  by  which  it  can  be  identified.  The 
color  reactions  described  in  older  works  are  not  produced  by 
aconitin  itself,  but  by  impurities  which  sometimes  accompany 
it  in  the  commercial  samples.  It  forms  precipitates,  however, 
with  several  of  the  general  reagents  (see  pp.  165  et  seq.),  notably 
with  iodin  in  potassium  iodid,  with  which  0.005  mgm.  still 
forms  a  crystalline  precipitate,  and  with  potassium  iodhydrar- 
gyrate,  bromin  water,  phosphomolybdic  acid,  etc'  With  Vitali's 
reaction  pseudaconitin  gives  a  red-purple  color,  but  aconitin 
does  not.^  Mecke,^  from  a  cadaver  and  from  old  urine,  extracted 
by  ether  from  alkaline  solution  a  base  which  behaved  toward 
general  reagents  and  the  older  color  reactions  like  impure  aconitin. 

The  most  sensitive  reagents  for  aconitin  are  the  human 
tongue  and  the  mouse  or  frog.  Minute  quantities,  placed  upon 
the  tongue,  produce  the  peculiar  tingling  or  prickling  sensation; 
or  cause  the  death  of  frogs  or  mice  when  injected  hypodermi- 
cally.  A  cardiographic  tracing  of  the  heart's  action  of  a  frog 
after  poisoning  by  aconitin  shows  a  distinct  tetanization  of  the 
heart  muscle,  followed  by  a  peculiar  peristaltic  action  and  final 
arrest  in  diastole.* 

'  See  Jiirgens,  Diss.,  St.  Petersb.,  *  Albanese:   Arch.   ital.   de  bioL, 

1885.  1900,   xxxiii.,  454.     See  further  in 

^  See  p.  SS8,  and  Vitali:  "Chim.  this  connection  and  concerning  the 

toss., "  p.  382.  toxicology    of    aconite   in   general: 

'  Zts.  f.  off.  Chem.,  1899,  v.,  204;  Stevenson  and  Dupr^:  Lamson  case, 

abst.  J.  Ch.  Sec,  1900,  Ixxviii.,  120.  loc.    cit.     Wagner:    Diss.,    Dorpat, 
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In  the  present  condition  of  our  knowledge  the  most  that  the 
toxicologist  may  say  in  most  cases  is  that  the  conditions  observed 
are  tlie  same  as  would  exist  if  aconitin  were  present.  The 
lethal  dose  being  very  small,  and  this  being  disseminated  through 
the  body  and  in  large  part  removed  by  vomiting  and  ehmination, 
chemical  tests  usually  fail.  Under  favorable  conditions,  how- 
ever, when  notable  amounts  of  aconite  or  aconitin  have  been 
taken  by  the  mouth,  its  characterizing  action  upon  the  human 
tongue  and  upon  the  frog  may  be  recognized,  as  they  were  with 
extracts  from  the  stomach  contents,  vomit,  and  organs  by  Steven- 
son in  the  Lamson  case,^  and  by  Mallet  in  the  stomachs  of  three 
of  the  six  victims  of  the  Staunton  poisonings.-  The  recognition 
of  these  two  properties,  however,  while  indicating  the  very  great 
probability  of  the  presence  of  aconitin,  do  not  constitute  a 
demonstration,  even  when  strengthened  by  affirmative  results 
of  the  general  reactions.  In  Carel's  case,^  however,  in  which  a 
dose  vastly  in  excess  of  that  required  to  accomplish  the  purpose 
of  the  poisoner  must  have  been  administered,  the  identification 
of  aconitin  was  absolute.  A  quantity  of  aconitin  equal  to  three 
lethal  doses,  4.8  mgm.  (  =  xt  gi'^in),  was  separated  from  the 
cadaver,  and  weighed  after  purification.  It  was  identified 
not  only  by  its  physiological  action  and  general  reactions,  but 
also  by  its  crystalline  form  and  fusing  point,  the  demonstration  of 
the  benzoyl  radical,  and  the  crystalline  form,  fusing  point,  and 
gold  content  of  its  chloraurate.  It  is  rare,  however,  that  the 
criminal  is  so  considerate  of  the  toxicologist.*  A  notable  degree 
of  resistance  to  decomposition  in  the  presence  of  putrefying 
material  by  aconitin  was  also  shown  in  Carol's  cases,  as  the 
presence  of  the  alkaloid  was  demonstrated  in  one  cadaver  after 
a  burial  of  323  days  and  in  another  after  385  days. 

THE  ATROPA  GROUP. 

This  group  includes  the  mydriatic  alkaloids:  Atropin,  hyoscya- 
min,  and  hyoscin,  and  the  plants  which  contain  them:     Atropa 

1887.     Adelheim:     Diss.,     Dorpat,  1891.     Lhote     and     Vibert:     Ann. 

10O.    Jurgens:   Diss.,    St.   Peterb.,  d'hyg.,  1892,  3  s.,  xxvii.,  344,  385. 

1885.  Ewers:  Diss.,  Dorpat,   1873.  Reichard:Pharin.  Cent.-Halle,  1905, 

hteckhan:  Diss.,  Kiel,  1891.     Vidal:  xlvi.,  479. 

A^i  ^y°"'  1^9-3-    Bassot:  "Etude  '  Lancet,  1882,  i.,  455.     See  also 

fid.-Ug.  s.  I'Emp.  p.  I'Aconitine, "  note  12,  p.  853. 

J-yon,  1889.     Laborde  and  Duques-  ^  See  note  1,  p.  854. 

m'j  ^"'""its  et  Aconitines, "  Paris,  =  St.  Paul  Med.  J.,  1906,  viii.,  666. 

i»M.      Cassarini:      Thise,      Paris,  *  See  Ipsen's  case,  Atropin,  p.  884. 
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belladonna  (deadly  nightshade);  Scopolia  japonica  (Japanese 
belladonna),  S.  carniolica,  S.  Hlardnackiana,  Hyoscyamus  niger 
(henbane),  Datura  stramonium  (thorn-apple),  and  Duboisia 
Hopwoodii,  D.  myoporoides,  and  Mandragora  officinale  (man- 
drake). 

Atrofi^  =  Tropin  tropate  —  C17H33NO3  or  C7HuN(CH3). 
OOC.CH(CsH5).CH20H— was  discovered  by  Mein  in  1831  and 
independently  by  Geiger  and  Hesse  in  1833  in  belladonna. 
The  alkaloid  described  by  the  latter  under  the  name  daiurin, 
and  obtained  from  datura,  is,  when  pure,  identical  with  atro- 
pin.  Commercial  samples  of  "daturine"  are  often  mixtures  of 
atropin  and  hyoscyamin,  and  sometimes  contain  the  latter  alka- 
loid only.  Atropin  exists  in  atropa  and  in  datura,  but  not  in 
the  other  plants  above  mentioned. 

Atropin  crystallizes  in  prisms  or  silky  needles,  f.  p.  115.5°, 
odorless,  but  having  a  persistent  disagreeable,  bitter,  and  Some- 
what metallic  taste.  It  dissolves  in  300  parts  of  cold  water 
and  in  58  of  boiling  water,  in  3  parts  of  chloroform,  30  of  cold 
and  6  of  boiling  ethylic  ether,  and  in  40  of  benzene.  It  dissolves 
in  almost  any  proportion  in  alcohol,  and  is  also  very  soluble  in 
amylic  alcohol.  It  dissolves  in  glycerol,  but  very  sparingly  in 
petroleum  ether  or  in  carbon  bisulfid.  Benzene  extracts  it  from 
alkaline  solutions.  Its  solutions  are  alkaline  and,  contrary  to 
the  action  of  most  alkaloids,  redden  phenolphthalein.  It  is 
readily  decomposed  by  strong  acids  and  by  alkalies  other  than 
ammonia  into  tropin,  C7Hi2N(CH3)  and  tropic  acid,  C5H5CH- 
[CH20H]C00H.  It  may  be  obtained  synthetically  from  the 
same  substances,  and  is  one  of  the  class  of  tropeins  formed  by  the 
union  of  tropin  with  acids.'  Its  chloraurate,  (Cj7H23N03HCl)- 
AuClj,  usually  precipitates  as  an  oil,  but  separates  as  a  lusterless 
powder  f"rom  hot  water  acidulated  with  hydrochloric  acid.  F.  p., 
135°  to  137°.     Au,  31.33  per  cent. 

Natural  atropin  is  optically  inactive,^  the  racemic  form  of 
hyoscyamin.^  Ladenburg  and  Hundt  *  have,  however,  produced 
two  synthetic   atropins:  dextro-atropin,  whose  rotary  power  is 

'  See  Ladenburg:  Ann.  d.  chem.,  '  Ladenburg:  Loc.  cit.     Gadamer: 

1883,  ccxvii.,   74-149.     Willstatter:  Arch.    d.    Pharm.,    1901,    ccxxxix., 

Berichte.      Berlin,      1895,     xxviii.,  294,  663.     Amenomiya:  Ibid.,  1902, 

3273;  1898,  xxxi.,  1535,  2498.  ccxL,  498. 

"The  slight  tevorotation  of  com-  *  Berichte,  Berl.,  1889, xxii., 2590. 
mercial  atropin  sulfate  is  due  to  the 
presence  of  hyoscyamin. 
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[a]  =+10.02,°  and  Icevo-atropin,    whose  rotary  power   is    [a]  = 
-9.22°.' 

Atropin  is  used  medicinally  as  the  free  alkaloid  and  as  the 
sulfate. 

Homatropin,  Ci,eH2iN03,  is  a  tropein  obtained  by  heating 
together  tropin  and  oxytoluic  acid.  It  crystallizes  in  prisms 
which,  although  sparingly  soluble  in  water,  are  hygroscopic. 
It  dissolves  readily  in  ether  and  in  cliloroform.  It  is  somewhat 
less  poisonous  than  atropin  and  its  bromid  has  been  used  in 
ophthalmic  practice.  Twenty  cases  of  non-fatal  accidental 
poisoning  from  its  use  have  been  reported. 

Apoatropin  {Atropamin?) ,  Ci^HjiNOj,  is  a  non-mydriatic 
base,  derived  from  atropin  by  the  action  of  nitric  acid. 

Hyoscyamin,  C17H23NO3,  is  an  optical  isomere  of  atropin. 
It  crystalhzes  in  needles  (from  benzene)  or  in  plates  (from  chloro- 
form) or  is  amorphous  (from  ethylic  ether  or  amylic  alcohol). 
It  is  difficultly  soluble  in  cold  water,  more  readily  in  hot 
water  (particularly  if  impure) ;  readily  soluble  in  alcohol,  ethylic 
ether,  amyhc  alcohol,  chloroform,  and  benzene.  Its  solutions 
are  alkahne  to  phenolphthalein  as  well  as  to  litmus.  It  is  laevogy- 
rous  [a] J,  =  —20.3.  Its  chloraurate  has  the  same  composition 
as  that  of  atropin,  from  which  it  differs  in  its  higher  f.  p.,  162°, 
and  in  forming  shining  golden-yellow  plates.  Duboisin  is  either 
a  mixture  of  hyoscyamin  and  hyoscin,  or  the  latter  alone. 

Hyoscyamin  exists  in  all  of  the  plants  above  mentioned  and 
also  in  traces  in  Lactuca  sativa  (lettuce).  It  is  readily  con- 
verted into  atropin  by  heat  approaching  its  temperature  of 
fusion  (108°  C),  or  by  heating  with  dilute  alkalies.  Conse- 
quently when,  in  the  extraction  of  the  alkaloids,  heat  is  applied 
after  the  liberation  of  the  bases  by  alkalies  hyoscyamin,  if  pres- 
ent, is  converted  into  atropin. 

ScopoLAMiN,  C17II21NO4  {Sikeranin,  Hyoscin),  exists  in 
Scopolia  japonica,  belladonna,  stramonium,  and  hyoscyamus. 
It  is  amorphous  and  semifluid,  but  forms  crystalline  salts,  of 
which  the  hydrobromid  and  hydrochlorid  have  been  used  in 
medicine.  It  is  difficultly  soluble  in  water,  but  soluble  in  alcohol, 
ether,  chloroform,  and  benzene,  and  is  extracted  from  alkaline 
solutions  by  the  last-named  solvent.  Its  chloraurate  (Ci^Hji- 
NO^.HCl),  AuClj  crystallizes  in  wide  yellow  prisms,  f.  p.  198° 

'  For  the  reactions  of  atropin,  etc.,  s6e  pp.  884,  et  seq. 
IV.-55 
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to  199°.  Au  =  30.65  per  cent.  On  hydrolysis  it  splits  to  tropic 
acid  and  scopolin,  or  oscin,  CgHijNOj,  to  which  it  bears  the  same 
relation  as  atropin  bears  to  tropin.  It  is  therefore  a  scopolein^ 
as  atropin  is  a  tropein. 

A  combination  of  scopolamin  and  morphin  is  used  hypoder- 
mically  as  a  general  anesthetic.  Twelve  deaths  have  been 
caused  thereby  in  about  1,200  cases,  a  mortality  much  greater 
than  that  with  chloroform  or  ether.- 

Besides  the  above,  the  following  bases  have  been  obtained 
but  imperfectly  studied:  pseudo-hyoscyamin,  from  Duboisia 
myoporoides;  isomeric  with  atropin;  helladonin,  C17H21NO2, 
from  belladonna;  stramonin,  from  stramonium;  and  mandra- 
gorin,  isomeric  with  atropin,  from  mandrake. 

Atropic  Poisoning. 

Statistics. — Accidental  and  usually  non-fatal  intoxications 
by  the  atropic  poisons  are  of  quite  frequent  occurrence;  suicidal 
or  homicidal  poisonings  by  them  are  very  rare.  The  following 
tabulation  of  cases  which  we  have  found  reported  in  medicallit- 
erature  will  indicate  the  relative  frequency  of  poisonings  by  the 
members  of  this  group : 


Cause 
uncer- 
tain. 3 


Ac-  Sui- 


cidents.    cides.     cides. 

I 


Homi- 


Total. 


Fatal. 


Non- 
fatal. 


I 

Belladonna 65  299  1     9     |     6  379  38  281 

Datura 72  |   176  [     3         12  265  28  212 

Hyoscyamus 23  27  14  53  6  48 

Atropin 2S  239  28          8  303  22  260 


Hyoscyamin 5iO|0  5  0  5 

Scopolamin 30  2  0  32  1  31 


'Duboisin" ;  !     30     |     0 

Homatropin I  20  0 


379 

38 

265 

28 

53 

6 

303 

22 

5 

0 

32 

1 

30 

0 

20 

0 

30 
20 


The  great  majority  of  "  accidental"  poisonings  by  belladonna 
have  resulted  from  taking  the  pharmacopoeial  preparations,  the 
extract,  tincture,  fluid  extract,  or  liniment  internally,  either  in 
mistake  for  another  medicine  or  by  "error"  on  the  part  of  the 

'  See  p.  864;  also  Schiller:  Arch.  f.  mann:  Ther.  d.  Gegenw.,  1903,  xliv., 

exp.  P.  u.  P.,  1897,  xxxviii.,  71.  202;  Munch,  med.  Wchnschr.,  1905, 

"  Korff:  Milnch.  med.  Wchnschr.,  lii.,  810.     Mourans:  Semaine  m^d., 

1901,  xlviii.,  1169;  1902,  xlix.,  1133,  1905,  xxv.,  529. 

1408.     Bios:     Beitr.     z.     Id.     chir.  •    ^  Including  cases  reported  in  jour- 

(Bruns),   1902,  xxxv.,    ')()'■,.     Koch-  nals  inaccessible  to  us. 
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druggist.  Many  cases,  several  of  which  have  proved  fatal/ 
have  resulted  from  eating  the  berries,  the  plant  being  frequently 
cultivated  in  gardens.  In  1846  a  fruit  peddler  in  London,  who 
was  also  an  herbalist,  and  therefore  considered  by  the  magis- 
trate as  cognizant  of  the  poisonous  qualities  of  belladonna  ber- 
ries, was  committed  on  a  charge  of  "wilful  murder"  for  having 
sold  them  as  food  and  thus  caused  the  poisoning  of  several  per- 
sons, of  whom  two  died.^  Gauttier  de  Claubry^  has  left  an  ac- 
count of  the  poisoning  of  a  detachment  of  150  soldiers  by  bella- 
donna berries;  and  it  seems  probable  that  the  poisoning  of  the 
army  of  Antony  in  Parthia,  related  by  Plutarch,  was  caused  by 
belladonna  or  datura.*  In  one  instance  a  woman  and  her  two 
daughters  were  seriously  poisoned  by  a  proprietary  medicine 
containing  belladonna.^  This  was  a  "brustthee."  Proprietary 
asthma  cures  usually  contain  stramonium  and  belladonna 
leaves.  A  poisoning  by  "Himrod's  powder"  (lobelia,  stra- 
monium, etc.)  is  reported  by  Thorpe,"  and  another  by  an  "  opium 
cure"  by  Philpot.' 

The  external  application  of  belladonna  plaster  or  ointment 
has  in  several  instances  been  followed  by  serious  poisoning,  and 
the  death  of  an  infant  was  in  all  probability  caused  by  such  an 
application  to  the  mother's  breast.*  A  few  cases,  two  of  which 
were  fatal,'  resulted  from  the  use  of  belladonna  enemata  or  sup- 
positories. Almost  all  the  accidental  stramonium  poisonings 
have  resulted  from  eating  the  seeds  or  other  parts  of  the  com- 
mon Jimson,  or  Jamestown  weed,^"  either  by  children  or  in  mis- 
take for  caraway  seeds,  greens,  sage,  or  "dried  herbs."     Acci- 

'McNab:   Brit.   M.   Jour.,    1882,  Imbert-Gourbeyre:   "Reeherches   s. 

u.,    679.    Lancet,     1846,    ii.,     251.  1.  solanum  d.  anciens, "  Paris,  1884, 

Abel:  Tr.  M.  Soc.  N.  Jersey,  1874,  117. 

182.    Bauer:  Med.  Corr.-Bl.  Wurt.  *  Friedreich's    BI.    f.    ger.   Med., 

aerztl.  Ver.,  1873,  xliii.,  113.     Ro-  1887,  xxxviii.,  130. 

senberger:   Oesterr.   med.  Wchn-  <>  Lancet,  1888,  i.,  973. 

schr.,   1843,    565.    Otto:   Vrtlisohr.  '  Tr.  S.  Carolina  M.  Assoc,  1882, 

f-  ger.  Med.,   1866,   n.  F.,  v.,"  157.  xxxii.,  127. 

lb.  J.  and  Tr.,  1858-59,  xviii.,  235,  «  Goodwin:    M.    and    S.    Reptr., 

243.    Kucera:     Klin.-ther.     Wchn-  Phila.,  1871,  xxiv.,  346. 

schr.,  1909,  xvi.,  345.  "  Mavel:     Gaz.     d.     hop.,     1854, 

'Ph.  J.  and  Tr.,  1846,  vi.,  174.  xxvii.,    399.     Scharf:    Wchnschr. 

/J-    gfe.    d.    med.,    etc.,    1813,  f.  d.  ges.  Heilk.,  1845,  101. 

xlvui.,  355.    Dethier,   Bull.   Ac.   r.  "  This  name  is  given  to  the  plant 

de  m^d.  de  Belg.,  1898,  4s.,  xii.,  827,  from  the  poisoning  of  a  detachment 

refers  to  the  similar   poisoning   of  of  British  soldiers,  who  ate  of  the 

several  persons  in  Belgmm  in  1888.  weed  and  "turned  up  natural  fools 

!5ee  also  note  10.  upon  it  for  several  days"  (Beverley: 

'Plutarch:  "Vit.  Ant."  See  also  Hist,  of  Va.,  1722,  p.  121). 
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dents  from  the  alkaloids  have  been  almost  exclusively  medicinal 
chiefly  non-fatal,  poisonings  arising  in  eye  practice  from  the 
use  of  atropin  or  of  "duboisin"  as  mydriatics.  In  not  a  few, 
solutions  intended  for  such  use  have  been  swallowed  in  mistake 
for  other  medicine.  In  some  twenty  non-fatal  cases  toxic  symp- 
toms followed  hypodermic  injections  of  atropin. 

Seeley'  has  reported  an  instance  in  which  fifteen  young 
ladies  in  a  broading-school  exhibited  the  symptoms  of  atropic 
poisoning  after  eating  turkey,  and  suggests  as  a  cause  that 
the  bird  had  probably  fed  upon  mydriatics;  in  the  absence 
of  proof  of  such  being  actually  the  cause  it  is  quite  as  probable 
that  these  poisonings  were  caused  by  ptomatropins.  A  similar 
origin  of  atropic  poisoning,  which  terminated  fatally,  after  in- 
dulgence in  rabbit  pie  was  claimed  by  the  defense  in  a  criminal 
trial.2 

Only  three  of  the  nine  attempts  at  suicide  by  belladonna  were 
successful,  one  that  of  a  dissipated  young  man  of  twenty-five 
years,  who  destroyed  himself  with  "  pommade  belladonnee;"^  an- 
other that  of  a  young  woman  who  killed  herself  with  the  lini- 
ment;'' and  the  third  that  of  a  man  of  sixty  years  who  ate  bella- 
donna berries.*  Of  the  27  persons  who  attempted  suicide  by 
atropin  15  were  men  and  12  women,  while  one  case  was  a  double 
suicide.  All  but  5  recovered:  a  man  of  sixty  years  who  died  in  15 
hours  after  having  taken  six  grains  (0.39  gm.)  of  the  sulfate;' 
another  man  who  died  in  12  hours  from  a  dose  supposed  to  have 
been  gr.  ij.;'  another  man  of  seventy-four  years  who  died  in  20 
hours;*  still  another  man  who  died  in  8+  hours  from  the  effects  of 
a  combination  of  atropin  and  morphin;°  and  a  woman  who  swal- 
lowed a  similar  combination.'"  A  woman  to  whom  scopolamin 
was  administered  medicinally,  intentionally  took  the  whole 
quantity  of  the  solution.  She  recovered,  and  afterward  de- 
stroyed  herself  by  suspension."     Korn,"  and  StoUe'^  reported 

'  Med.  Rec,  N.  Y.,  1894,  xlv.,  14.  «  Kanders:  Wien.  med.  Wchn- 

"Reg.   V.   Sprague,    1865;   Ph.    J.  schr.,  1881,  xxxi.,  1253. 

and  Tr.,  1865,  n.  s.,  vii.,  72.  »  Brunetifere:      Arch,     d'anthrop. 

^  Diday:  Lyon  m6d.,  1869,  ii.,  547.  crim.,  1907,  xxii.,  168. 

"Pharm.  J.,  1908,  4  s,  xxvii.,  309.  ■"  Zenner:    N.    Engl.  M.  Mthly., 

=  Kratter:  Vrtlischr.  f.  ger.  Med.,  1898,  xvi.,  469. 

1886,  n.  F.,  xliv.,  73.  ■•  Githens:  Therap.  Gaz.,  Detroit, 

"PoUak:      Wien.      med.     Presse,  1887,  3  s.,  iii.,  811. 

1870,  xi.,  565.  >=  Therap.  Mntsh.,  1891,  v.,  648. 

'Taylor:  "Poisons,"  3d  Am.  ed.,  "' Alg.  Ztschr.  f.  Psychiat.,  1900, 

732.  Ivii.,  151. 
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cases  of  mentally  incapacitated  persons  who  recovered  after 
having  swallowed  0.01  and  0.015  gm.  of  hyoscin,  respectively.  Of 
the  3  suicides  who  took  datura  2  were  Hindus,  one  of  whom 
died  ia  about  7^  hours.' 

Of  the  6  homicidal  poisonings  by  belladonna,  3  occurred 
in  Germany,^  and  2  in  the  United  States.^  In  one  of  the  Ger-' 
man  cases,  a  woman  was  accused  of  an  attempt  to  murder  her 
husband,  who  had  exhibited  the  symptoms  of  atropic  poisoning. 
Although  belladonna  seeds  were  found  in  the  soup  and  vomit, 
the  woman  was  acquitted,  there  being  strong  ground  for  the 
belief  that  the  man  had  poisoned  himself  in  order  to  accuse  the 
defendant.  In  another  a  woman  removed  her  husband  by  re- 
peated administrations  of  pounded  belladonna  root  mixed  with 
his  food.  In  the  third  a  woman  administered  infusion  of  bella- 
donnaroot,  usually  in  coffee,  over  a  period  of  about  eleven  months, 
apparently  for  the  purpose  of  affecting  him  mentally  rather  than 
physically.  The  more  recent  of  the  American  cases  was  an  un- 
successful attempt  in  which  belladonna  leaves  were  mixed  with 
coffee.  In  an  earlier  one,  also  an  unsuccessful  attempt,  four 
distinct  acts  of  administration  were  alleged,  and,  after  two  mis- 
trials, the  defendant  was  convicted. 

Of  the  homicidal  poisonings  by  stramonium,  one  was  an 
attempt  to  murder  a  priest  in  Dantzig  by  an  unknown  person 
who  sent  him  a  bottle  of  poisoned  wine.^  A  servant  in  Ger- 
many confessed  that  she  had  been  hired  by  her  mistress  to  mix 
seeds  of  stramonium  and  hyoscyamus  with  the  food  of  the 
latter's  husband,  who  died  in  14J  hours,  having  manifested  the 
usual  symptoms,  and  in  whose  stomach  and  intestines  the  seeds 
were  found.  Both  women  were  convicted.'  An  Austrian 
woman  was  convicted  in  1870  of  an  attempt  to  murder  her  hus- 
band by  administration  of  a  decoction  of  stramonium  leaves  in 
coffee."  A  young  man  in  Mississippi  died  from  the  effects  of 
datura,  administered,  it  was   alleged,  by  a  negro  and  negress. 

'  Allan:  Lancet,  1847,  298.  ■*  J.  de  chim.  med.,  etc.,   1847,  3 

'  Buchner:    Friedreich's     Bl.     f.  s.,  iii.,  201. 

ger.  Med.,  1887,  xxxviii.,  134,  136.  =  Vrtljschr.     f.     ger.    Med.,    1858, 

MuUer:  Ibid.,  1895,  xlv.,  93.  xiv.,  139. 

'Nichols:  Phila.  M.  Times,  1882-  "  Hashek:     Wien.     med.     Presse, 

83,  xiii.,  859.    Peo.   v.    Northrup,  1870,  xi.,  859,  883,  912,   932,  987, 

Westchester  Co.,  N.  Y.,  1868.     Lee:  1007,1063.     The  defense  appears  to 

Quart.  J.  Psych.  Med.,  1868,  ii.,  28.  have  claimed  that  the_  poison  was 

The  sixth  is  the  case  of  the  peddler  given  in  jest  and  not  with  intent  to 

above  mentioned.  kiU. 
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It  is  said  that  the  poisonous  quality  of  stramonium  is  well 
known  to  the  Southern  negroes.'  The  fifth  case  may  be  taken 
as  the  type  of  poisonings  for  the  purpose  of  robbery,  which 
appear  to  be  of  frequent  occurrence  in  India.  ^  A  Hindu  and 
his  wife  set  up  a  feast  at  which  they  dosed  their  seven  guests 
with  datura  and  robbed  them  when  they  had  become  insensible.^ 
Formerly  the  datura  was  popularly  reputed  in  Europe  to  possess 
an  aphrodisiac  action,  and  Schauenstein*  reports  a  fatal  case  of 
such  administration. 

The  four  homicidal  hyoscyamus  poisonings  were  German.  In 
1850  a  man  died  from  the  effects  of  henbane  administered  by  his 
wife  and  son-in-law.  The  seeds  were  found  in  the  cadaver,  ex- 
humed 2f  years  after  death.'  In  1859  another  woman  was  tried 
for  husband  murder  by  henbane,  and  acquitted.*  The  other  two 
cases  are  referred  to  by  Sonnenschien.' 

Besides  the  case  of  Reg.  v.  Sprague,  above  referred  to,  one 
other  homicide  by  atropin  is  reported  in  England:  Reg.  v. 
Steele,  1872,  in  which  a  hospital  nurse  was  acquitted  upon  a 
trial  for  the  murder  of  the  senior  surgeon  by  atropin,  given  in 
milk,  from  lack  of  evidence  connecting  her  with  the  adminis- 
tration.* A  sixteen-year-old  boy  was  also  acquitted,  for  the 
same  reason,  in  Germany  in  1890,  of  an  attempt  to  poison  his 

'  Mallet:    N.    Orl.    J.    M.,     1868,  poisoning,    of  which   ten  were  fatal 

xxi.,  550.  (Tr.  Med.  Chir.,  Soc.  Edinb.,  1896-7, 

^  Matthiolus  and  others  relate  in-  n.    s.,   xvi.,    33).     Xoc   (Loc.  cit. 

stances   in    which    belladonna    root  and  Lenoir  {Ibid.,    1908,    xi.,    167) 

was      administered      by      practical  refer  to  the  frequent  criminal  use 

jokers,    and    to    facilitate   robbery,  of   powdered  datura  seeds  by  the 

etc.,   in   Europe   in   the   fourteenth  prisoners  at   the   penal  institutions 

century.     See  Gmelin:  "  Geschichte  of  New  Caledonia.    Four  of  Lenoir's 

d.    Pflanzengifte, "     Nurnb.,     1803,  five   cases   were  homicidal.     Nacke 

527,   note.     Edginton:    Birmingham  (Arch.f.krim.    Anthrop.,  1906, xxv., 

M.  Rev.,  1872,  i.,  204.  373)    states  that  a   poison  used  to 

2  Tyrrell,  S.  M.:  Madras  Q.  J.  M.  facilitate  robbery  by  the  Siberian 

Sc,  1867,  xxi.,  167.     See  also:  Ban-  gypsies  contains  datura  and 

erjee:  Ind.  M.  Gaz.,  Calcutta,  1885,  hyoscyamus. 

XX.,  209.     Irving:  Ind.    Annals   M.  *  Maschka:  "  Handb.d.ger.Med.," 

Sc,    1864,    xvii.;    Med.    Times   and  ii.,  640. 

Gaz.,  1882,  i.,  63.    Cheever's  "Med.  =  Gossow:  Vrtljschr.  f.  ger.  Med., 

Jur.forIndia,"Calc.,1870.     Gribble  1856,  x.,  216. 
and  Hehir:  "Med.  Jur.  for  India,"  «  MoUer:  Ibid.,  1860,  xviii.,  78. 

Madras,    1892.     Mehta:    Indian    M.  '"  Handb.  d.  ger.  Chem.,"  1869, 

Gaz.,  1904,    xxxix.,    20.     Gimlette:  pp.  185,  186. 

Brit.  Med.  J.,  1907,  i.,  1138.     Noc:  'Taylor:  "Poisons,"  3d  Am.  ed., 

Ann.  d'hyg.et   de  m^d.  colon.,  1903,  733.    Ph.  J.  and  Tr.,  1871-72,  3  s., 

vi.,  327.    Bedford,   in  Punjab,    saw  ii.,    596,    617,    636.     Calvert:   Med. 

in    one    year    66    cases    of    datura  Times  and  Gaz.,  1872,  i.,  598. 
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parents,  and  grandmother,  and  a  servant.'  Marie  Jeanneret 
was  a  nurse  in  an  establishment  at  Lausanne,  who,  in  the  years 
1867  to  1869,  poisoned  nine  persons,  of  whom  five,  a  man  and 
four  women,  died.  The  agent  which  she  used  was  the  solution 
of  atropin  used  as  a  coUyrium,  although  she  also  tried  morphin 
and  antimony.^  Bentzen  reported  an  attempt  on  the  part  of  a 
woman's  lover  to  poison  her  and  her  two-year-old  child,  she 
being,  at  the  time  pregnant,  by  the  administration  of  an  atropin 
solution  which  she  had  received  from  an  ophthalmic  surgeon. 
The  dose  administered  was  considered  by  the  medical  faculty 
of  Christiania  as  being  sufficient  to  cause  serious  poisoning  but 
hardly  death.^  Schauenstein''  refers  to  the  Fall  Simere,  in 
Vienna  in  1878,  in  which  atropin  was  given  to  a  maid-servant  in 
a  liqueur  to  stupefy  her  in  order  to  facilitate  robbery.  A  woman 
was  convicted  at  Innsbruck,  Austria,  in  1905  of  having  in  1901 
caused  the  death  of  an  aged  woman  by  atropin.  It  appears  that 
the  intent  was  not  to  cause  death  but  to  facilitate  the  fraudulent 
acquisition  of  property  by  causing  the  deceased  to  appear  to  be 
mentally  incompetent.^  In  the  Aff.  Bianchini,  in  France  in 
1900,  the  defendant  was  convicted  of  an  attempt  to  poison  her 
husband  by  repeated  doses  of  atropin  added  to  his  medicine." 

In  two  American  cases  it  was  supposed  that  the  medical  poi- 
soners had  administered  atropin  and  afterward  morphin  with 
the  object  of  preventing  the  contraction  of  the  pupils  and  other- 
wise masking  the  symptoms  of  morphin  poisoning.^ 

Suicide  by  atropin  has  been  seldom  attempted,  and  very  rarely 
successfully.  Of  27  cases,  15  men,  11  women,  and  1  double, 
only  five  terminated  fatally.  Most  of  the  subjects  were  phy- 
sicians, druggists,  or  nurses.  The  accidental  cases,  of  which  only 
14  in  239  were  fatal,  include  a  great  number  of  mild  medicinal 
poisonings  and  others  resulting  from  patients  swallowing  collyria 
in  mistake  for  other  medicines.     A  few  have  been  caused  by 

■Rauscher:    Friedreich's     Bl.    f.  497,    ex    Schmidt's    Jahrb.,     1885, 

ger.,  Med.,  1891,  xlii.,  400.  ccviii.,  131. 

^"Proc^s  criminel   centre   Marie  *  Maschka:  "Handb.d.ger. Med.," 

Jeanneret,  huit  empoisonnements, "  ii.,  651. 

Lausanne,    1869.     (The   ninth   was  °  Ipsen:    Vrtljschr.   f.   ger.   Med., 

that  of  a  young  girl  to  whom  she  1906,  xxxi.,  308.    See  also  p.  884. 
gave    atropin    in    candy.)     Chate-  "  Brouardel,     Ogier    and    Vibert: 

lain:  J.  d.  m^d.  ment.,  Paris,  1869,  Ann.  d'hyg.,  1900,  3  s.,  xliii.,  9. 
K.,  113-120.  '  Ruth-Medlicott  case,   Saunders: 

'Norsk.  Mag.  t.  Lag.,  1885,  xv.,  Mich.    Univ.    M.    J.,    1872-73,    641. 

Peo.  V.  Buchanan,  New  York,  1894. 
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pharmacists'  errors;  two  were  subjects  of  prosecution  of  physi- 
cians for  "homicide  by  imprudence"/  and  in  one  instance  two 
young  women  were  seriously  poisoned  by  a  "  bright-eye  "  prepara- 
tion.2 

Duration. — Fatal  cases  of  atropic  poisoning  usually  termi- 
nate within  24  hours.  .  The  average  duration  of  17  poisonings 
by  belladonna  was  15  hours,  leaving  out  of  the  calculation  2 
cases,  one  that  of  a  man  who  is  said  to  have  survived  7  days,' 
the  other  that  of  a  suicide  who  died  in  "3  or  4  days,"^  the  re- 
ports of  which  are  not  sufficiently  full  to  exclude  the  possibility 
of  other  causes  of  death.  Death  has  occurred  in  3^,^  6/  and 
7'  hours  in  the  most  rapidly  fatal  cases,  and  in  17  (2  cases),* 
18,°  21,^"  and  29^'  hours  in  the  most  prolonged. 

The  average  duration  of  12  fatal  poisonings  by  datura  was 
13  hours.  The  extremes  were  6,^^  7  to  1\  hours^^  as  the  shortest 
and  24  hours^*  as  the  longest. 

So  far  as  can  be  judged  from  the  small  number  of  fatal  cases 
in  which  the  duration  has  been  reported,  atropin  differs  from 
other  alkaloids  in  being  slower  in  its  action  than  the  crude 
drugs  from  which  it  is  obtained.  The  fact  is,  however,  proba- 
bly more  apparent  than  real.  The  average  duration  of  13  cases 
was  20.4  hours;  the  extremes  being  10^^^^  and  48^"  hours.  Green- 
way  has  reported  the  case  of  a  man  of  forty-five  years  who 
died  in  3^  days  from  the  effects  of  half  a  grain  of  the  sulfate." 

'  Pouchet:  Ann.  d'hyg.,  1889,  3  s.,  ">  Otto:    Vrtljschr.  f.  ger.   Med., 

xxi.,  139,  Aff.  F.  and    B.     Brouar-  1866,  n.  F.,  v.,  157. 
del,   Ogier  and  Vibert:  Ihid.,   1900,  "  Ph.  J.,  1S46,  vi.,  174. 

3  s.,  xliii.,  20,  Aff.  Andr6.  '■''  Mamlock:     Aerztl.     Sachverst. 

2  Brinkmann:    Ztschr.    f.    Med.-  Ztg.,  1903,  ix.,  158,  quoting  Heim, 

Beamte,  1895,  viii.,  497.  1836.     Child. 

=  Bayard    and    Chevallier:    Ann.  '^Droste:    Ztschr.  f.  d.  Staats- 

d'hyg.,  1847,  xxxviii.,  413.  arznk.,  1837,  xxxiii.,   129,    F.,    63, 

'  Diday:  Lyon  m^d.,  1869,  ii.,  547.  A.,     decoction    of    seeds.       Allan: 

'Molyneux:     Lancet,     1869,     ii..  Lancet,  ii.,  1847,  298,  M.  (Hindu), 

327,   M.,   16,   A.,    3ij.  extract;  also  45,  S.,  plant. 
Taylor:  Brit.  M.  J.,  1869,  ii.,  555.  "  Duffin:  London  M.  Gaz.,  1834- 

» Tanner:    Brit.    M.    J.,    1886,   i.,  35,  xv.,  194,  F.,  2+,  A.,  about  100 

589,  F.,  16,  A.  (?),  liniment.  seeds. 

'  Hudson:   Austral.    M.   J.,    1861,  "  Boston  M.  and  S.  Jour.,  1869, 

VI.,  54,  M.,  47,  A.,  §ss.  liniment,  Ixxix.,  148;  M.,  3,  A.,  IJ  gr. 

'  Jackson:  Lancet,   1S4S,  ii.,  318,  '« Zenner:    J.    Nerv.    and    Ment. 

M.,   75,   A.,   gr.   iv.-v.    (?)   extract.  Dis.,  1903,  xxx.,  555,  F.,  79,  gr.  x., 

MacNab:     Bnt.    M.    J.,     1SS2,    ii.,  extract.     Dunlap:   Am.  Pract.  and 

579,  M.,  5,  A.,  berries.  News,  Louisv.,  1887,  n.  s.,  iii.,  230, 

'  Mitchell:    Canada   Pract.,    1883,  F.,  yV  gr.,  death  in  41  hrs. 
vin.,  225,  M.,  53,  A.,  herb.  "  Brit.  M.  Jour.,  1878,  ii.,  515. 
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Lethal  Dose. — The  smallest  quantity  of  atropin  which  has 
been  known  to  cause  death  was  0.0004  gm.  (about  gr.  0.006). 
This  quantity,  dropped  into  the  eye  of  a  child  of  four  years  dur- 
ing four  days,  caused  its  death,  after  characteristic  symptoms. 
The  child  had  previously  manifested  great  sensitiveness  to 
atropin.'  The  smallest  dose  reported  to  have  caused  the  death 
of  an  adult  was  0.003  gm.  (-jV  gr.)  administered  hypodermic- 
ally  in  mistake  for  strychnin.^  Jaenicke^  has  reported  the  death 
of  a  woman  of  fifty-seven  years  from  the  effects  of  from  0 .  005  to 
0.007  gm.  (yV  to  xV  g^O  of  the  sulfate  taken  in  solution  during 
the  night.  In  Dunlap's  case,  above  cited,  the  dose  was  0 .  004  gm. 
(tV  gr-)i  and  in  Greenway's  case^  it  was  0.065  gm.  (1  gr.).  But 
very  much  larger  doses  have  been  recovered  from.  TraVers^  has 
reported  the  recovery  of  a  woman  who  had  swallowed  0 .  226  gm. 
31  gr.)  in  solution;  Bucquoy"  that  of  two  suicides  who  took  0. 25 
gm.  (3.9  gr.)  each;  Kernig'  that  of  a  girl  of  fourteen  years  who 
took  about  0.26  gm.  (4  gr.)  in  mistake  for  quinin;  Borden* 
that  of  a  man  who  attempted  suicide  by  swallowing  an  injec- 
tion, prescribed  for  gonorrhoea,  containing  one  drachm  of  zinc 
sulfate  and  0.324  gm.  (5  gr.)  of  atropin  sulfate;  and  Macchia- 
veUi°  that  of  a  man  who  attempted  suicide  with  the  enormous 
dose  of  0.5  gm.  (7.7  gr.)  of  the  sulfate.  Instances  of  recovery 
after  having  taken '0.065  gm.  (1  gr.)  have  been  quite  numerous. 
The  amounts  of  the  lethal  and  maximum  medicinal  doses  con- 
stituted an  important  factor  in  a  prosecution  for  homicide  by 
negligence,  reported  by  Pouchet,'"  in  which  a  man  died  from  the 
effects  of  0.045  gm.  (0.7  gr.). 

We  find  but  four  fatal  poisonings  by  belladonna  in  which 
the  doses  have  been  accurately  reported.     These  were  3.7  c.c. 


'  Burrenich:  Ann.  et  bull.,   Soc.  « Alabama    M.    and    S.    Age, 

mM.  de  Gand.,  1891,  288.  1893-94,  vi.,  413.     Goddard:Med. 

''Fabris,  quoted  by  Modica:  Gazz.  Times,    1898,    xxvi.,    365,    another 

d.  osp.,  1898,  xix.,  683.  recovery  from  5  grains. 

'  Deut.  Arch,  f .  klin.  Med.,  1877,  »  Gazz.  med.  it.  lomb.,  1880,  8  s., 

XX.,  617.  ii.,    339.     Meyer:   Corr.-Bl.   f.  Sch- 

'Loccit.  weiz.   Aerzte,    1905,   xxxv.,    548,   a 

^  Brit.  M.  J.,  1889,  i.,  1051.  druggist  failed  to  kill  himself  with 

Gaz.  d.  hop.,  1878,  li.,  43.  the  same  quantity,  although  stomach 

ot.  _  Pet.      med.       Wchnschr.,  lavage    was    not   performed   for  21 


1883   vm.,  238.     See  also  Macken-      hours. 

2ie:  Uncm.  Lancet  and  Obs.,  1878,  "  Ann.    d'hyg.,   etc.,    1889,   3   s., 

'^-.l^S-  xxi.,  139. 
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(fl.  oi.)'  and  14.8  c.c.  (fl.  Bss.)^  of  the  British  Pharmacopoeia 
liniment;  7.77  gm.  (5ij-)  of  the  British  Pharmacopceia  ex- 
tract/ and  7.65  gm.  of  the  crude  drug.^  Persons  have  recov- 
ered after  having  taken  15.6  gm.  (§ss.)  of  the  extract,^  14.8  c.c. 
(fi.  Bss.)  of  the  tincture,*  and  19.6  c.c.  (fl.  Si.)  of  the  liniment.' 

No  sufficient  statistics  are  available  to  serve  as  a  basis  for 
even  an  approximate  estimate  of  the  lethal  dose  of  stramo- 
nium, beyond  the  statements  that  a  man  of  twentj'-seven  years 
recovered  from  the  effects  of  71  c.c.  (half  a  gill)  of  the  tincture,' 
and  a  child  of  two  and  a  quarter  years  died  after  having  swal- 
lowed about  sixteen  grains  (1.04  gm.)  of  the  seeds. ^ 

The  lethal  doses  of  homatropin,  hyoscyamus,  hyoscyamin, 
and  scopolamine"  for  man  are  undetermined. 

Method  of  Action. — The  susceptibility  of  different  species 
of  animals  to  the  atropic  poisons  is  by  no  means  equal.  Man, 
particularly  in  early  age,  is  more  susceptible  than  the  lower 
animals.  The  cat  comes  next.  The  herbivora,  notably  rabbits, 
are  so  little  susceptible  that  they  may  feed  upon  the  atropic 
plants  with  impunity. ^^ 

Atropin  and  hyoscyamin  act  upon  the  eye,  the  heart,  the  sec- 
retory glands,  the  unstriped  muscular  fibers,  and  the  .central 
nervous  system,  the  actions  of  the  two  alkaloids  being  practically 
identical. 

The  well-known  action  of  atropin  upon  the  eye  is  manifested 
by  dilatation  of  the  pupil,  to  almost  complete  disappearance  of 
the  iris  with  large  doses,  paralysis  of  the  accommodation,  and 
a  slight  prominence  of  the  eyeball.  The  first  two  manifestations 
are  caused  by  paralysis  of  the  peripheral  endings  of  the  motor 

'  Beddoe:   Lancet,    1870,   ii.,   83,  ^  Girdlestone:     Austral.     M.     J., 

F.,  66,  A.  1S70,  XV.,  204,  F.,  ad.,  S. 

2  Hudson:   Austral.   M.   J.,    1861,  '  WUliams:  Ibid.,   1879,  n.  s.,  i., 

vi.,  54,  M.,  47,  A.  590,  M.,  48,  S.  A(?).     Wood:  Brit. 

'  Molyneux:  Taylor,  loc.  cii.  M.  Jour.,  1885,  i.,  377,  F.  ad.,  A. 

"  Bull.  g6n.  d.  tWrap.,   1832,  i.,  « Williams:    N.    England    J.    M. 

102.     In  this  case  the  pharmacist  and  S.,  1823,  xii.,  253. 

dispensed  2  "gros"  in  mistake  for  2  »  Duffin:  London  M.  Gaz.,  1834- 

" grains"  (0.106  gm.).  35,  xv.,  194. 

^Castaldi:  Gaz.  mM.  d.  I'Orient,  "Ely,    New   York    M.   J.,   1906, 

Constant.,   1860,  iv.,   79,   102,   117,  Ixxxiv.,  799,  has  reported  a  death 

child,     A.     (in     liniment).     DufBn:  following   the    administration   of  \ 

Brit.  M.  J.,   1881,  i.,   639,  M.,   2\,  grain  of  morphin  and  ^^  grain  of 

A.    (in   liniment).     Oliver:    Lancet,  scopolamin  as  an  anesthetic. 

ISOl,  ii.,  029,  M.,  43,  A.  "  Lewin:  Deut.  med.  Wchnschr., 

1S99,  XXV.,  37. 
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oculi  nerve/  the  first  in  the  iris,  the  second  in  the  cihary  muscle. 
When  atropin  in  very  dilute  solution  is  instilled  into  the  conjunc- 
tival sac,  its  action  is  local  and  confined  to  that  eye.  The  effects 
of  atropin  upon  the  eye  persist  for  several  days,  while  those 
of  homatropin  and  hyoscin  (scopolamin),  which  are  similar  in 
kind,  disappear  within  48  hours.  In  eyes  disposed  to  glaucoma, 
and  in  normal  eyes  to  a  much  less  degree,  the  globe  is  hardened, 
and  the  intraocular  pressure  is  increased.  The  human  eye  and 
that  of  the  cat  are  very  susceptible  to  the  action  of  atropin,  those 
of  rabbits  are  less  so,  those  of  frogs  still  less  so,  and  those  of 
birds  do  not  respond." 

Small  doses  of  atropin,  and  larger  doses  in  the  initial  stage 
of  their  action,  cause  paralysis  of  the  inhibitory  innervation 
of  the  heart,  and  consequently  increased  blood  pressure,  and 
greatly  accelerated  pulse.  Large  doses  cause  paralysis  of  the 
heart  muscle,  and  its  arrest  in  diastole.^ 

Atropin  diminishes  or  completely  arrests  the  secretory  activ- 
ity of  the  glands,  notably  the  salivary,  by  its  direct  action  on 
the  gland  cells.*  The  quantity  of  urine  is  also  diminished.^ 
The  activity  of  the  mammary  gland  is,  however,  not  affected." 

The  action  of  atropin  in  small  doses  upon  the  intestine  is 
to  increase  the  peristaltic  movements,  but  with  larger  doses  these 
are  completely  arrested  by  paralysis  of  the  nerve  terminations 
of  the  vagus  and  the  ganglia  of  the  sympathetic,  as  well  as  of 

'The  myosis  caused  by  morphin  xvii.,  1.     Krehl  u.  Romberg:  Arch. 

is  ot  central,  not  peripheral  origin.  f.  exp.  P.  u.  P.,  1892,  xxx.,  49,  85. 

^Schmiedeberg:  Arb.   d.  physiol.  Handler:   Ibid.,    1894,    xxxiv.,    398. 

Anst.    zu    Leipzig,    1870-71,     131.  Esselmont:  Ibid.,  1901,  xlvi.,  204. 

Hogyes:  Arch.  f.  exp.  P.  u.  P.,  1883,  *  Schmiedeberg;   Bezold  u.    Bloe- 

xvi.,   101.     Limbourg:   Ibid.,    1892,  baum:     Loc.     cit.     Keuchel:     Diss., 

XXX.,  97.     Meyer: /bid.,  1893,  xxxii.,  Dorpat,    1868.     Haidenhain:  Pfliig. 

103.    Silex:  Therap.  Mntsh.,   1894,  Arch.,  1872,  v.,  78.     Provost:  C.  r. 

viii.,  10.     Bumke:  "Z.  Kenntn.  d.  Ac.  sc,  1877,  Ixxxv.,  630.     Eckhard 

Irisbeweg.,"  Berlin,  1902-4.    Fuchs:  loc.    cit.,    p.     44.     Gottlieb:     Arch. 

"Messung    d.    PupiUengr., "    Wien,  exp.   P.    u.   P.,    1894,    xxxiii.,    269. 

1903.    Bach    u.    Meyer:     Arch.     f.  Tschirwinsky :  Ibid.,  p.  161.     Spiro: 

Ophth.,     1904,     lix.,     332.     Fejer:  /Kd.,  1897,  xxxviii.,  113.     Schwarz: 

Bed.  kl.  Wchnschr.,  1904,  xli.,  855.  Ibid.,    1900,    xliii.,    15.     Matthews: 

'Schmiedeberg:  Loc.  cif.     Bezold  Amer.    J.    of    Physiol.,     1901.,    iv., 

u.  Bloebaum:  Unt.  d.  physiol.  Lab.  482.     Henri  and  Malloizel:  C.  r.  Soc. 

zu  Wurtzb.,   1867,   i.,    3.     Kohler:  de  biol.,  1902,  liv.,  467. 

Arch.  f.   exp.   P.    u.   P.,    1873,    i.,  =  Thompson:    Arch.    f.    Anat.    u. 

280.    Eckhard:    Beitr.    z.    An.    u.  Physiol.,    1894,    117.     Walti:  Arch. 

Phys.,    1877,    viii.,    1.     v.    Anrep:  f.  exp.  P.  u.  P.,  1895,  xxxvi,,  441. 

Pflug.    Arch.,     1880,     xxi.,     185.  ^Plauchu  and  Garm:  Lyon  mgd., 

Muller:Diss.,  Dorpat,  1891.    Dehio:  1908,  cxi.,  164. 
St.   Pet.    med.    Wchnschr.,     1892, 


876  TOXICOLOGY WITTHAUS. 

the  involuntary  muscular  fibers.  The  unstriped  muscle  in 
other  situations,  the  blood  vessels,  lungs,  stomach,  bladder,  etc., 
are  similarly  affected.^ 

The  action  of  the  atropic  poisons  upon  the  central  nervous 
system  appears  to  be  limited  to  the  cerebral  cortex,  which  they 
at  first  stimulate,  producing  the  symptoms  of  violent  excitement 
of  the  first  stage.  Subsequently,  with  the  appearance  of  somno- 
lence and  coma  the  excitability  is  greatly  diminished.^  As  to 
an  action  on  the  respiratory  center  in  the  medulla,  and  conse- 
quently upon  respiration,  the  consideration  of  which  is  funda- 
mental to  the  much  discussed  question  of  the  value  of  atropin 
and  morphin  as  mutual  antidotes  to  each  other,^  authors  are  by 
no  means  in  agreement.  According  to  some,  atropin  acts  as 
a  powerful  respiratory  stimulant,*  while  others  declare  it  to  be 
a  depressant.^  That  view  which  is  most  consistent  with  the 
observed  symptoms  in  a  typical  fatal  case  in  the  human  sub- 
ject is  the  one  expressed  by  LobP  (and  others):  "The  respira- 
tory center,  after  a  long  period  of  stimulation,  is  paralyzed, 
and  in  most  cases  this  is  the  cause  of  death. " 

According  to  Bohland,''  in  atropic  poisoning  the  number  of 
leucocytes  in  the  blood  is  diminished;  according  to  Doyon  and 
Kareff,*  the  coagulability  of  the  blood  is  impaired;  and  according 
to  Mayet°  and  Hedonj^"  there  is  destruction  of  leucocytes. 

Sjmiptoms. — The  symptoms  produced  by  the  individual 
members  of  this  group  of  poisons  resemble  each  other  closely. 
The  action  takes  place  in  two  stages:  first,  a  period  of  delirium, 
and  second  a  period  of  coma,  the  former  merging  into  the  latter, 

'  Schmiedeberg:  Loc.  cit.     Brown-  Arch.  f.  exp.  P.  u.  P.,  1892,  xxx., 

Sequard:   Arch,    de   physiol.    norm.  385.     Wood     and     Cerna:     J.     of 

et   path.,    1870,    iii.,    434.     Schutz:  Physiol.,  1892,  xiii.,  870.     Levison: 

Arch.  f.  exp.  P.  u.  P.,   1886,  xxi.,  Berl.    kl.    Wchnschr.,    1894,    xxxi., 

346.     Jacobj:     Ibid.,     1891,     xxix.,  891.     Orlowski:  Diss.,  Dorpat,  1891. 

204.     Pick:   Ibid.,    1808,    xlii.,    418.  *  Stalberg:  Am.  J.  M.  Sc,  1904, 

Piotrowski:  Pfliig.  Arch.,  1894,  Iv.,  n.     s.,     cxxvii.,     517.     Unverrieht: 

240.     Dixon     and     Brodie:     J.     of  Berl.   kl.   Wchnschr.,   1896,  xxxiii., 

Physiol.,  1903,  xxix.,  161.  533,  560. 

2  Albertoni:  Arch.  f.  exp,  P.  u.  P.,  «  Wien.  kl.  Wchnschr.,  1905,xviii., 

1882,  XV.,  258.  SSS.     Ely:  Yale  M.  J.,  1903,  x.,  119. 

^  See  p.  974.  '  Centbl.  f.  inn.  Med.,  1899,  xx., 

*  Bezold  u.  Bloebaum:    Loc.    cit.  361. 

Heubach:  Berl.  kl.  Wchnschr.,  1S78,  »  C.  r.  Soc.  de  biol.,  1904,  Ivi.,  588. 

XV.,    767;    Arch.   f.    exp.   P.    u.   P.,  "  Arch,  de  physiol.  norm,  et  path., 

1878,    viii.,    31;   Arch.   f.   kl.    Med.,  1SS3,  3  s.,  i.,  374. 

18S7,  xh.,  174.  Binz:  Deut.  med.  '»  C.  r.  Soc.  de  biol.,  1900,  Iii.,  351. 
Wchnschr.,  1887,  xiii.,  21.     VoUmer: 
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while  the  patient,  still  delirious,  becomes  comatose,  but  may  be 
aroused.  There  is  little  delay  in  the  appearance  of  the  symp- 
toms, which  may  become  menacing  in  a  few  moments,  par- 
ticularly when  atropin  or  belladonna  has  been  taken.  In  a 
few  instances  the  patient  has  gone  to  sleep  shortly  after  having 
taken  the  poison,  and  has  awakened  in  from  one  to  several  hours 
afterward  in  delirium,^  or  has  been  found  comatose.^  In  some 
instances  also,  where  large  doses  have  been  taken,  the  sequence 
of  the  stages  is  reversed;  the  patient  becomes  unconscious  and 
comatose  in  a  few  moments,  and  may  either  die  in  convulsions 
in  eight  or  ten  hours, ^  or  only  become  delirious  when  aroused  from 
the  coma  later.*  In  some  cases  coma  intervenes  between  two 
periods  of  delirium.^ 

Usually  the  patient  becomes  giddy  and  "  feels  queer,"  yawns, 
staggers,  and  loses  the  power  of  standing.  The  mouth  and  throat 
are  dry  and  parched,  and  sometimes  a  bitter  taste  is  observed, 
and  a  burning  sensation  is  experienced.  The  secretion  of  saliva 
is  completely  arrested,  the  voice  becomes  husky  or  extinct,  there 
is  a  sense  of  constriction  of  the  throat  and  one  of  impending 
suffocation,  and  deglutition  becomes  difficult  or  impossible.  Al- 
though there  is  thirst,  attempts  to  swallow  provoke  spasms  of 
the  throat  and  pharynx,  which  may  be  hydrophobic  in  inten- 
sity. The  face  may  be  pallid  at  first,"  but  soon  becomes  red 
or  even  purple,  with  the  veins  of  the  forehead  greatly  dis- 
tended. The  color  of  the  face  resembles  that  of  scarlatina,  and 
a  scarlatinal  rash,  accompanied  by  itching,  makes  its  appear- 
ance upon  the  skin  of  the  body  and  extremities  as  well.  The 
pulse  is  at  first  full,  hard,  bounding,  and  greatly  increased  in 
frequency,  up  to  190-200  to  the  minute,^  afterward  it  becomes 

'Huber:  Ztchr.  f.  kl.  Med.,  1888,  "Ringer:    Lancet,    1876,   i.,    346, 

xiv.,  511.     Terry:    Boston   M.   and  F.,    4.     McLain:    Va.    M.    Monthly- 

S.  Jour.,  1882,  cvL,  123.  1891-92,  xviii.,  832.     Morris:  Lan, 

'Diday:  Lyon m^d.,  1869,  ii.,  547.  cet,    1898,   ii.,  689.  Mould:  Lancet, 

Macchiavelli:  Gazz.  med.  it.  lomb.,  1895,  ii.,  788. 

1880, 8  s.,  ii.,  339.     Beyer:  CentbL  =  Barnes:    Brit.    M.    J.,    1897,    i., 

f.  Nervenhlk.,  1898,  n.  F.,  ix.    262.  1157.     Morrison:  New  York   M.   J., 

'Mitchell:  Canada  Pract.,    1883,  1898,  Ixviii.,  205. 

yiii.,   225,    F.,    26,    A.,    D.,    eight  "  Loomis:  Med.  Rec,  K.  Y.,  1885, 

hours.  C—:  Boston  M.  and  S.  Jour.,  xxvii.,     235.     Kjellberg:     Arch.     f. 

1869,  Ixxix.,  148,  M.,  3,  A.,  D.,ten  Kinderhlk.,  1881-82,  iii.,  435. 

hours  thirty-five   minutes.     Affaire  '  Link:      Memorab.,      Heilbronn, 

Andr^:  Ann.  d'hyg.,  1900,  3  s.,  xliii.,  1883,  n.  F.,  iii.,  327.     Hedler:   BerL 

20  death  in  12  hours,  2  gm.  atropin  kl.  Wchnschr.,  1875,  xii.,  471. 

sulfate  (31  gr.).               ^             f  .             ' 
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irregular,  intermittent,  fainter,  and  even  imperceptible  at  the 
radial.  The  skin  is  dry  and  hot,  although  at  a  later  stage  the 
extremities  become  cold  and,  in  two  cases  reported  by  Carroll,' 
the  entire  surface  was  cool  one  hour  after  the  poisoning.  The 
eyes  are  somewhat  prominent,  brilliant,  wild,  and  staring 
straight  forward,  or  restless,  but  exceptionally  there  is  either 
converging^  or  diverging^  strabismus  in  the  later  stages.  There 
are  disturbances  of  vision,  diplopia,  chromatopsia,  amblyopia,  or 
total  blindness.  The  pupils  are  widely  dilated,  the  iris  is  a  mere 
ring  a  millimeter  in  width,  the  retina  is  insensible  to  light, 
the  accommodation  is  completely  paralyzed,  and  the  conjunc- 
tivse  are  injected.  A  few  cases  have,  however,  been  reported  in 
which  the  pupils  were  said  to  have  been  of  normal  diameter^  or 
even  contracted,'  and  two  in  which  the  contraction  was  unsym- 
metrical.^  Attacks  of  giddiness  and  vertigo  and  severe  head- 
ache are  soon  followed  by  delirium,  which  may,  exceptionally, 
be  silent  or  muttering,  but  is  usually  violent,  noisy,  and  in 
some  cases  as  active  as,  and  resembling  that  of  dehrium 
tremens.  The  efforts  of  several  persons  are  required  to  restrain 
the  patient,  who,  if  left  to  himself,  will  throw  about  all  articles 
within  reach,  and  has  been  known  to  jump  out  of  a  window. 
There  are  the  most  fantastic  hallu'cinations  and  delusions,  the 
patient  clutches  at  imaginary  objects,  sees  snakes,  animals, 
etc.,  has  outbursts  of  laughter  and  weeping,  while  the  expres- 
sion of  the  countenance  alternates  between  that  of  the  most 
abject  terror  to  that  of  extreme  hilarity.''     He  chatters  inces- 

■  M.  and  S.  Reptr.,  Phila.,  1882,  «  Golding:  Lancet,  1859;  ii.,  560. 

xlvii.,  76.  Ghose:  Indian  Lancet,   1905,  xxv., 

^  Smith:    Med.    Times   and    Gaz.,  125  (datura).     Clavelier  (Arch.  m^d. 

1SS3,  ii.,  373.  de  Toulouse,    1896,    ii.,    14)   states 

^  Mitchell:  Loc.  cit.  that  instillation   of  hyoscin  in  the 

*  Wood:     Brit.    M.    J.,    1885,    i.,  right  eye  caused  dilatation  of  the 

377.     Nisbet:     Austral.     M.     Gaz.,  left  pupil. 

1889-9  0,   ix.,  114.     McCartney:  '  Tracy  (Bost.  M.  and  S.  J.,  1898, 

Phila.    M.    News,    1892,    Ixi.,    306.  cxxxix.,   545)   relates   the  cases  of 

Montgomery:     Med.     News,     1896,  a    boy   and    girl,    poisoned  at  the 

Ixviii.,     101.      Brunetiere:    Arch.  same    time,    in    which    the   former 

d'anthrop.    crim.,    1907,   xxii.,    168.  became   belligerent   and   the  latter 

Eberhardt  (Ophth.  Rec,  1908,  xvii.,  joyous.    Pluymers  (Le  Scalpel,  1898, 

5)   reports  a  case  in  which  -^   gr.  1.,   306)  reports  the  case  of  a  boy 

atropm     and     ^^     homatropin     in-  whose  delirium  under  hyoscin  was 

stilled  into   the   eye   caused   active  sad   and   melancholic,   but  upon  a 

delirium,  but  only  moderate    myd-  previous    occasion    under    atropin, 

"asis.  it  had  been  pleasant.     For  details 

Blake:    St.    Geo.    Hosp.    Rep.,  of    the     psychic     phenomena     see 

1868,  iii.,   159  (Tr.  stramonium).  Kowaltensk'i:  Ztsch.  f. Psych.,   1880, 
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santly,  talks  utter  nonsense,  mistakes  one  person  for  another, 
mistakes  the  names  of  objects,  and  says  one  thing  when  he  in- 
tends to  say  another.  According  to  Banerjee^  the  alteration  of 
voice  and  the  talk  of  those  under  the  influence  of  the  Indian 
dhatura  are  pecuhar  and  pathognomonic;  when  recovering  the 
patient  answers  questions  in  an  undertone,  shortly  and  quickly, 
and  all  of  a  sudden  he  appears  to  lose  the  thread  of  thought, 
looks  in  another  direction,  and  wanders  away  as  if  thinking  of 
something  else.  In  a  small  proportion  of  cases  there  are  con- 
vulsions of  a  tetanic  character,  most  frequently  of  the  upper 
part  of  the  body,  or  limited  to  trismus.^  The  delirium  gradually 
subsides,  or  during  its  continuance  the  patient  becomes  somno- 
lent and  passes  into  a  state  of  profound  coma,  with  slow,  ster- 
torous respiration,  and  failing  and  finally  imperceptible  pulse, 
and  death  occurs  from  respiratory  or  cardiac  paralysis.  Or  death 
may  occur,  during  apparent  amelioration,  by  syncope.^  The 
duration  of  the  delirium  has  exceptionally  been  known  to  ex- 
tend over  two,*  four,^  and  five^  days.  In  the  great  majority  of 
cases  there  is  retention  of  urine,  but  occasional  instances  have 
occurred  in  which  there  has  been  involuntary, °  frequent,'  or  free^ 
micturition.  In  one  case  there  was  polyuria  and  albuminuria, 
although  the  urine  examined  the  day  before  had  been  found  to 
be  normal.^    In  one  case  there  was  glycosuria.^"     Usually  no  pain 

xxxvi.,     431.     Beyer:     Centbl.     f.  xxxix.,    1201.     Wise:    Brit.    M.    J., 

Nervenhlk.,   1898,   n.   F.,   ix.,    262.  1904,  i.,  189. 

Walle:  Aerztl.Sachverst.  Ztg.,  1896,  ^Dunlap:  Am.  Pract.  and  News, 

ii:,  239.    Jepson:  West  Va.  M.  J.,  Louisv.,  1887,  n.  s.,  iii.,  230. 

1907-8,  ii.,  201.  *  Binz:  Centbl.  f.  kl.  Med.,  1893, 

'Ind.   M.   Gaz.,    Calcutta,    1885,  xiv.,  25. 

XX.,  209.  '  Mackey:    Peoria    M.    J.,    1899, 

''Cohn    and    Korner:     Berl.    kl.  iv.,  17. 

Wchnsciir.,    1865,    ii.,     162.     C— :  "Wood:    Loc.    cit.     Smith:    hoc. 

Boston  M.  and  S.  J.,  1869,  Ixxix.,  cit.     Wilson:  Lancet,  1878,  i.,  165. 

148.    Pollack:   Wien.   med.  Presse,  Greenway:    Brit.    M.    J.,    1878,    ii., 

1870,  xi.,  565.     Wenzel:  M.  and  S.  515.     Murrell:    M.    and   S.    Reptr., 

Rprter.,  1877, xxxvii.,  129.    Schiller:  Phila.,    1876,    xxxv.,    269.     Pollak: 

Bed.   kl.    Wchnschr.,    1880,    xvii.,  Wien.  med.  Presse,   1870,  xi.,   565. 

658.    Seargent:   Louisv.    M.    News,  Schofield  and  Pantin:  Lancet,  1895, 

1881,  xii.,   99.     Fitzmaurice:   Lan-  ii.,  199. 

cet,  1881,  ii.,  414.     Travers:   Brit.  'Lancet,     1885,    i.,     1047.     Ott: 

M.    J.,     1889,     i.,     1051.     Owens:  Med.  News.,  1895,  Ixvii.,  628. 

Lancet,  1890,  ii,,  443.     Oliver: /bid.,  '  Bond:  Brit.  M.  J.,  1881,  i.,  639. 

1891.  ii.,  929.     Caton:  Ihid.,   1895,  Stalberg:  Am.  J.  M.  Sc,  1904,  n.  s., 

1-,   1641.     Wade:    Montreal    M.    J.,  cxxvii.,  517. 

1895-6,  xxiv.,  280.     O'Brien:  Lan-  'Mills:    Canada    M.    and    S.    J., 

cet,  1896,  ii.,  1376.     Jones:  Kansas  1880-81,  ix.,  19. 

City  M.   Index,    1896,    xvii.,    338.  >"  Raphael:   Deut.  m.  Wchnschr., 

Knaut:  Berl.  kl.  Wchnschr.,   1902,  1899,  xxv.,  451. 
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is  complained  of  except  that  due  to  the  dryness  of  the  mouth  and 
throat,  but  in  some  instances  there  has  been  epigastric  pain,  and 
more  rarely  pain  in  the  region  of  the  kidneys.  Nausea  is  most 
rarely  experienced,  and  spontaneous  vomiting  is  equally 
exceptional.^ 

The  statement  of  Boehm,^  Schauenstien,^  Kobert,*  and 
others,  following  Schroff,^  that  there  is  always  a  constant  dim- 
inution in  the  body  temperature  in  atropin  poisoning,  is  not 
in  accordance  with  the  recorded  observations  in  the  human  sub- 
ject. It  must,  however,  be  remembered,  that  owing  to  the  char- 
acter of  the  effects  of  atropin,  buccal  temperatures  cannot  be 
taken,  and  consequently  the  observations  are  of  axillary  tem- 
perature, and  that  possibly  a  reverse  of  the  usual  condition  may 
exist,  the  surface  temperature  being  higher  than  the  internal. 
But  we  know  of  no  clinical  evidence  that  such  is  the  case.  In 
all  of  the  nineteen  reports  of  poisoning  by  atropin  or  belladonna 
in  which  we  find  the  temperature  recorded  it  was,  during  the 
severity  of  the  poisoning,  above  the  normal  of  98.4°  (axil- 
lary). The  lowest  temperature  observed  was  in  a  case  reported 
by  Sauberzweig°  in  which,  after  a  notable  elevation,  there  was 
a  fall  below  the  normal  on  the  second  day,  which  increased 
until  the  fifth  day,  when  the  patient  was  discharged  cured. 
The  readings  in  this  case  were:  102.3°,  103.1°,  104.4°,  102.5°, 
102 . 5°,  98 . 2°,  96 . 6°,  96 . 4°,  95 . 4°,  96 . 8°,  95 . 4°,  91 . 4°.  In  but 
one  other  case  did  the  temperature  fall  below  the  normal  at  any 
time  after  the  establishment  of  the  poisoning;  in  Macchiavelli's 
case^  during  two  days  the  observations  were  98.9°,  98.6°,  96.8°, 
100.4°.  In  all  the  others  it  was  supernormal,  and  in  one  pa- 
tient, who  died  in  six  hours,  it  was  105.6°,  107.4°,  and,  just 
before  death,  108.6°,*  while  in  another  fatal  case  a  tempera- 
ture of  110°  was  observed.^  In  a  poisoning  by  tincture  of 
hyoscyamus  the  thermometer  indicated  104°,'"  and  in  datura 
poisoning,  where  the  temperature  has  been  taken,  it  has  been 

'Mitchell:      Loc.      cit.      Huber:  =  Zeitschr.    Wien.    Aerzte,    1852, 

Zeitschr.    £.    kl.    Med.,    1888,    xiv.,  211. 

511.     Fraser:     Lancet,     1865,     ii.,  "  Diss.,  Halle,  1892,  p.  9. 

536.  '  Loc.  cit. 

^Ziemssen:   "Handb.,"  2te  Aufl.,  'Tanner:    Brit.    M.   Jour.,    1886, 

1880,  XV.,  36.3.  i.,  589. 

=  Maschka:      "Handb.      d.      ger.  » MacNab:  76iU,  1882,  ii.,  579. 

Med.,"  1882,  ii.,  655.  '»  White:  Lancet,  1873,  ii.,  8. 

'  "Intoxikationen,"    1893,   609. 
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found  to  be  as  high  as  104°/  and  108°  to  109°.=  Kratter,^  in  his 
excellent  discussion  of  atropic  poisoning,  gives  six  cases  in  whir h 
the  temperature  was  supernormal.'' 

In  non-fatal  cases,  although  the  severe  SA^mptoms  disappear 
in  a  few  hours,  or,  in  severe  cases,  within  forty-eight  hours, 
disturbances  of  vision  and  incoherency  have  been  known  to  con- 
tinue for  weeks  or  months.'^  In  one  of  Ringer's  cases"  the  pa- 
tient was  dehrious  for  four  days,  and  there  was  retention  of 
urine  for  several  days. 

After  recovery  the  patient  has  usually  no  remembrance  of 
anything  that  has  transpired  while  he  was  under  the  influence 
of  the  poison,  although  he  may  recall  certain  of  his  delusions, 
which  he  still  considers  to  have  been  realities,  or  may  remem- 
ber that  while  endeavoring  to  make  certain  remarks  he  was 
irresistibly  driven  to  say  something  else.  This  remembrance  has 
been  particularly  noted  in  hyoscyamin  and  hyoscin  poisoning.' 

Elimination. — Atropin  is  eliminated  principally  by  the  urine,* 
in  which  it  appears  unchanged.  Although  Kratter^  claims 
that  it  suffers  no  decomposition  in  the  system  and  that  its 

'Newton:     Med.     Rec,     N.     Y., 

1880,  xviii.,  289. 
^De  Lantour:  N.  Zeal.  M.  Jour.', 

1893,  vi.,  84.     ■ 

'Vrtlischr.  f.  ger.  Med.,  1886, 
n.  F.,  xhv.,  52. 

*  The  other  reports  referred  to  are: 
Huber:  hoc.  cit.  (98.6°-102.2°). 
Davy:  Lancet,  1882,  i.,  345  (101.4°). 
Cooper:  Brit.  M.  J.,  1877,  i.,  164 
(98.5°).  Nisbet:  Austral.  M.  Gaz., 
1889-90,  ix.,  114  (98 . 6°,  102°).  Ol- 
iver: Lancet,  1889,  ii.,  1003  (101°, 
103°,  102°,  101°,  99 . 8°) .  Greenway : 
Brit.  M.  J.,  1878,  ii.,  515  (98°,  99°, 
102°,  102.4°,  103°,  102.6°,  100.4°, 
102.2°,  102.4°,  100.6°,.  100.2°). 
Thompson:  Austral.  M.  Gaz., 
1890-91,  X.,  298  (Case  II.,  99.8°; 
Case  IV.,  100.6°;  Case  VI.,  99.6°; 
Case  I.,  108°).  Cantlie:  M.  Pr.  and 
Circ,  London,  1890,  n.  s.,  ii.,  88 
(99.3°,  99.7°,  100°,  100.2°,  99.4°). 
Westcott:  Chicago  M.  J.,  and 
Exam.,  1888,  Ivi.,  138  (101°). 
Link:  Uc.  cit.  (101.1°,  100.8°). 
Reisz:     Wien.     med.     VSTchnschr., 

1881,  xxxi.,  97  (99 . 7°).  Siegmund: 
virch.  Arch.,  1869,  xlviii.,  1888 
(102°,  99.5°).  See  also:  Dethier: 
iiull.  Ac.  r.  de  mM.  de  Belg.,  1898, 

IV.-56 


4  s.,  xii.,  827.  Beehler:  J.  Am.  M. 
Assoc,  1902,  xxxviii.,  1081.  Cort- 
right:  New  York  M.  J.,  1903,  Ixxviii., 
467.  Stalberg:  Am.  J.  M.  Sc,  1904, 
n.  s.,  cxxvii.,  517.  Parry:  Brit.  M. 
J.,  1906,  i.,  798 

=  Mitchell:  Loc.  cit.  Cotter: 
Med.  Times  and  Gaz.,  1870,  i.,  564. 

«  Lancet,  1876,  i.,  346. 

'  Dethier  (Bull.  Ac.  r.  de  m^d.  de 
Belg.,  1898,  4  s.,  xii.,  827)  relates 
a  case  peculiar  in  that  a  child  did 
not  pass  into  coma,  and  afterward 
remembered  perfectly  everything 
that  had  happened.  Jepson  (West 
Va.  Med.  J.,  1907-8,  ii.,  201)  relates 
a  personal  experience  in  which  he 
appears  to  have  retained  a  clear 
remembrance  of   his  hallucinations. 

'Runge:  Diss.,  Jena,  1819. 
Allan:  Liebig's  Ann.,  1852,  Ixxxiv., 
223.  Cohn  and  Korner:  Berl.  kl. 
V^^chnschr.,  1865,  ii.,  162.  Gross; 
Am  J,  M.  Sc,  1869,  n.  s.,  Iviii.,  401. 
Deutschmann:  Diss.,  Gottingen, 
1881,  0.2  gm.  taken,  0.079  gm. 
recovered  from  the  urine.  Ipsen: 
Vrtljschr.  f.  ger.  Med.,  1906,  3  F., 
xxxi.,  308. 

9  Vrtljschr.  f.  ger.  Med.,  1886, 
n.  F.,  xliv.,  95. 
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elimination  by  the  urine  is  complete,  Modica'  and  Wiechowski^ 
assert  that  it  is  in  part  decomposed  in  the  body,  the  latter  on 
the  ground  that  in  his  experiments  on  dogs  he  could  only  recover 
from  17  to  57.6  per  cent,  of  the  atropin  injected  during  the  48 
hours  that  it  appeared  in  the  urine.  The  conclusion  is  hardly 
warranted  in  the  light  of  Dragendorff's'  experiments  with  rabbits, 
in  which  he  found  notable  quantities  of  atropin  retained  in  the 
muscular  tissue  ten  days  after  cessation  of  administration,  and 
of  the  long-continued  elimination  observed  by  Ipsen  in  dogs.* 
Small  quantities  of  atropin  have  also  been  found  in  the  faeces,' 
the  stomach  contents,*  and  the  milk^  after  hypodermic  adminis- 
tration. Scopolamin  is  also  eliminated  by  the  urine.  ^  According 
toCouto-Jardin,^hyoscyamin  is  not  eliminated  by  the  urine,  or  the 
elimination  is  so  slow  that  it  escapes  detection.  The  elimination 
of  atropin  begins  soon  and  may  proceed  rapidly  to  its  disappear- 
ance from  the  urine.  In  one  of  Dragendorff's  experiments  with 
rabbits  the  elimination  ceased  on  the  third  day.'"  In  the  case  of 
a  man  who  swallowed  about  0.01  grn.  (j^  gr.)  the  urine  passed 
in  the  eighth  to  tenth  hours  contained  no  atropin.''  In  that  of 
another,  who  took  about  the  same  dose,  the  urine  of  the  third 
hour  gave  negative  results.'^  But  in  the  case  of  a  man  who 
swallowed  0 .  03  gm.  (^  gr.)  atropin  was  present  in  the  urine  of  the 
fifteenth  to  twenty-sixth  hours. '^  In  another  case,  in  which  0.12 
gm.  (1 .85  gr.)  of  the  sulfate  was  taken,  atropin  was  present  in 
the  urine  for  36  hours.'"'  In  experiments  with  dogs  Ipsen'^  found 
atropin  in  the  urine  14  days  after  administration,  and  in  his  own 
urine  after  four  days. 

Treatment. — The  stomach  should  be  washed  out  and,  un- 
less the  case  is  seen  quite  early,  the  intestine  also.     Mechanical 

'  Riforma  med.,  1898,  xiv.,  pt.  i.,  '  Fubini     and      Bonanni:     Arch. 

45S;  Gazz.  d.  osp.,  1898,  xix.,  683.  ital.  de  bioL,  1891,  xv.,  47. 

"  Arch.  f.  exp.  P.  u.  P.,  1901,  xlvi.,  ^  Robert  and  Sohrt:  Arch.  f.  exp. 

155.  P.   u.  P.,   1887,  xxii.,   396.     Wind- 

""Beitr.    z.    ger.    Chem.,"    1872,  scheid:    Deut.    Arch.    f.    kl.    Med., 

p.  228.  1899,  Ixiv.,  277.    De  Stella:  Arch.  int. 

*  See  below.  de  pharmacod.,  1897,  iii.,  443. 

=  Dragendorff,    Modica,     Ipsen:  "  C.  r.  Ac.  sc,  1902,  liv.,  1054. 

Loc.    cit.   Paltauf:  Wien.  kl.   Wchn-  ^'' hoc.  dt. 

schr.,  18SS,  i.,  113.  'i  v.  Schmid:  Kl.  Mntsh.  f.  Augen- 

"Leineweber:     Diss.,     Gottingen,  hlk.,  1864,  ii.,  158. 

1SS3.      Ipsen:     Loc.     cit.     Bougers  '^  Harley:  Brit.  M.  J.,  1868,  i.,  319. 

(Arch.  f.  exp.  P.  u.  P.,  1895,  xxxv.,  '^Siegmund:   Virch.  Arch.,  1869, 

417)     in     experiments     with     dogs  xlviii.,  188. 

failed  to  find  it  in  tlip  stomach.  '*  Hohl:  Diss.,  Halle,  1863. 

""  Loc.  cit. 
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removal  is  particularly  preferable  in  atropic  poisoning,  as  even 
powerful  emetics  given  in  large  doses  frequently  fail  to  act. 
During  the  period  of  delirium  morphin  may  be  given  hypo- 
dermically  in  small  and  repeated  doses;'  tendency  to  coma  may 
be  combated  by  the  ambulatory  treatment  (see  Morphin,  Treat- 
ment), flagellation  and  stimulation,  and  during  coma  injections 
of  ether  or  brandy,  inhalation  of  amyl  nitrite,  and  artificial  res- 
piration may  be  resorted  to.  Hypodermics  of  pilocarpin,  while 
they  do  not  counteract  the  poisonous  action  of  atropin,^  may 
serve  to  establish  the  arrested  salivary  secretion  and  relieve  a 
troublesome  symptom.  Caution  should  be  exercised  that  excess- 
ive use  of  pilocarpin  and,  particularly  of  morphin,  does  not 
increase  the  tendency  to  coma.'  Distention  of  the  bladder  is  to 
be  avoided  by  the  use  of  the  catheter. 

Post-mortem  Appearances. — The  number  of  autopsies 
after  death  from  atropic  poisoning  is  small,  and  the  lesions  ob- 
served are  not  characteristic.  In  the  case  of  a  man  who  died 
in  three  and  a  half  hours  after  having  taken  two  drachms  of  the 
extract  of  belladonna*  the  pupils  were  found  dilated  eighteen 
hours  after  death,  as  they  were  also  in  Greenway's  case,  in  which 
the  autopsy  was  made  sixty-four  and  a  quarter  hours  after 
death.  The  lungs  are  highly  congested  or  oedematous,  and 
the  pleurje  contain  notable  quantities  of  bloody  serum. ^  The 
left  heart  has  been  found  empty,  and  with  more  or  less  coagulated 
or  dark  fluid  blood  in  the  right  side.  In  all  cases  in  which 
the  brain  was  examined  it  and  the  meninges  have  been  found 
greatly  congested,  with  bloody  serum  in  the  ventricles, 
and  the  brain  substance  studded  with  punctiform  blood  spots  on 
section.  The  trachea  and  oesophagus  have  been  found  strongly 
hyperaemic  after  death  from  atropin,"  and  the  mucous  mem- 
brane of  the  stomach  and  upper  small  intestine  congested,  or 
even  marked  with  scattered  ecchymoses,  after  death  from  stra- 
monium.'   When  death  has  been  caused  by  belladonna  berries 


'  As  to  "  antagonism "  of  atropin  *  Molyneux:     Loc.     cit.     Beddoe: 

and  morphin  see  p.  974.  Lancet,       1870,    ii.,    83.      Hudson: 

Harnack  and  Witkowski:  Arch.  Austral.    M.    Jour.,    1861,    vi.,    54. 

Mp.  P.  u.  P.,  1876,  v.,  437.  Newton:   Med.   Rec,    N.   Y.,    1880, 

See  Husemann,  in  Penzoldt  and  xviii.,  289. 

stmtzing:      "Handb.       d.       spec.  ''Jarnicke:     Deut.    Arch.    f.    kl. 

iherap,"  1S95,  ii.,  258.  Med.,  1877,  xx.,  617. 

Molyneux:  Taylor,  Loc.  cit.  '  Allan:  Lancet,  1847,  ii.,  298. 
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the  buccal,   (Esophageal,  gastric,  and  intestinal  mucous  mem- 
brane may  be  colored  dark  blue  by  their  juice. 

Detection. — If  the  seeds  of  datura  or  of  hyoscyamus  have 
been  taken  they  may  be  found  in  the  stomach,  intestines,  vomit 
or  stomach  washings,  and  faeces.  The  datura  seeds  are  hard, 
flattened,  kidney-shaped,  dull  black  or  brownish-black  in  color, 
about  2  mm.  long  and  2 . 5  mm.  wide,  and 
marked  externally  with  a  network  enclos- 
ing punctiform  depressions  (Fig.  35,  B). 
They  have  a  somewhat  sharp,  bitter  taste. 
The  seeds  of  hyoscyamus  are  smaller  than 
those  of  stramonium,  about  a  millimeter 
long,  almost  kidney-shaped,  flattened, 
roughened,  gray  or  grayish-brown  ex- 
ternally, white  within,  odorless,  and  having 
a  sharp,  bitter  taste  (Fig.  .35,  C).  The  seeds 
of  belladonna,  which  will  usually  be  found 
in  the  stomach  when  the  berries  have  been 
eaten,  are  about  3  mm.  long,  kidney- 
shaped,  brown  or  gray  in  color,  roughened 
exteriorly,  but  not  so  markedly  as  those 
of  hyoscyamus,  which  they  also  resemble 
in  the  shape  of  the  embryo  (Fig.  35,  A)} 

The  chemical  mEXTiFiCATiox  of 
atropin,  hyoscyamin,  and  hyoscin  in  the 
small  quantities  in  which  they  may  be  ex- 
pected to  be  present  in  a  cadaver  may 
easily  fail,  although  in  some  cases  the 
statement  of  Kratter-  that  the  separation  of  atropin  from 
the  cadaver  and  its  identification  can  be  accompUshed  with 
certainty  is  true.  Ijadeed,  in  a  most  extraordinary  case,  in 
which  an  enormous  dose  must  have  been  administered,  Ipsen' 
isolated  atropin  in  pure,  crystalline  form,  from  a  cadaver 
after  more  than  three  years'  burial,  in  weighable  quantities: 
from  159  gm.  of  stomach  and  contents,  0.1036  gm.  (1.6  gr.) 
of  atropin  sulfate;  from  434  gm.  of  intestine  and  contents,  0.038 
gm.  (0.58  gr.);  from  164  gm.  of  liver,  0.0631  gm.   (0.97  gr.); 


Fig.  35.— Seeds  of 
Belladonna,  Stramo- 
nium, and  Hyoscya- 
mus. External  ap- 
pearance and  section. 
(Dragendorff.)  A,  Bel- 
ladonna. B,  Datura. 
C,  Hyoscyamus. 


'  See   also:    Holmes: 
1903,  4  s.,  xvi.,  5. 


Pharm.    J.,  =  Vrtljschr.    f.    ger.    Med.,    1886, 

xliv.,  95'. 
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from  61  gm.  of  kidney,  0.0095  gm.  (0.15  gr.);  from  252  gm.  of 
thoracic  viscera,  0.0436  gm.  (0.67  gr.) ;  and  from  720  gm.  of  brain, 
0.0064  gm.  (0.1  gr.);  a  total  of  0.2642  gm.,  or  4  j\  grains. 

The  results  in  this  case  indicate  a  greater  resistance  to  decom- 
position in  presence  of  putrefying  material  than  atropin  was 
formerly  supposed  to  possess.  In  his  experiments  with  atropin 
mixed  with  cultures  of  saprophytic  bacteria  Ipsen,  after  three 
months'  incubation,  extracted  a  substance  causing  a  wide  dilata- 
tion of  the  human  pupil.  Paltauf^  obtained  similar  evidence 
of  the  presence  of  atropin  after  six  months'  decomposition  in 
the  viscera  of  a  person  killed  by  belladonna  berries;  and  Ludwig 
and  Mauthner,^  after  a  year's  burial.  On  the  other  hand,  atropin 
undoubtedly  suffers  some  degree  of  decomposition  in  the  pres- 
ence of  putrefying  material,^  and  particularly  in  substances 
undergoing  acetous  fermentation.  Thus  Buchner''  failed  to  find 
any  trace  of  atropin  in  beer  a  few  weeks  after  it  had  caused  the 
poisoning  of  a  family.  Moreover,  atropin  is  readily  decomposed 
by  hydrolyzing  agents,  and  may  be  volatilized  during  evapora- 
tion of  its  solutions.  Therefore  any  notable  excess  of  acid  or 
alkaU  is  to  be  avoided,  as  well  as  temperatures  above  50°  to  60°, 
in  its  extraction.  The  repeated  purifications  which  are  fre- 
quently necessary  to  obtain  the  alkaloid  in  a  sufficiently  pure 
condition  to  respond  to  the  reactions  are  also  attended  with  loss 
of  material. 

Atropin  is  extracted  from  alkaline  solutions  by  benzene  and 
by  chloroform.^  The  quantity  of  benzene  used  should  be  suffi- 
cient, it  should  not  be  allowed  to  become  cold,  and  should  be 
removed  and  evaporated  spontaneously  or  at  a  slightly  elevated 
temperature  as  soon  as  possible,  as  concentrated  benzene  solu- 
tions deposit  crystals  of  the  alkaloid  when  allowed  to  stand  in 
the  cold.  The  residue  should  be  purified  by  dissolving  it  in 
water  faintly  acidulated  with  acetic  acid,  filtering  the  solu- 
tion if  necessary,  washing  the  acid  aqueous  solution  by  agita- 
tion with  chloroform  or  ether,  alkalizing  it  with  slight  excess  of 

'  Wien.  kl.   Wchnschr.,    1888,   i.,      Med.,   1896,  3  F.,  xii.,  131.    Ipsen: 


113 


Loc.  cit. 


„„,l^udwig:  "Medic.  Chem."  1895,  *  Friedreich's    Bl.    f.    ger.    Med., 

jbi.  Seealso:Dragendorii: '^'Ermit-  1891,  xlii.,  400. 

;f"°g  von  Giften,"  4teAufl.,  1895,  'Also    by    amylic    alcohol,    with 

,i!''     Beitr.  z.  ger.  Chem.,"  1872,  which,   however,   a   portion   of  the 

^■^f  alkaloid  volatilizes  on  evaporation. 
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S86 


TOXICOLOGY -rtlTTHAUS. 


ammonia,  extracting  the  alkaloid  by  agitation  with  chloroform, 
washing  the  chloroform  solution  with  distilled  water,  and  al- 
lowing it  to  evaporate  spontaneously.  The  residue  so  obtained 
is  amorphous,  and  may  be  converted  into  crystals  of  the  alka- 
loid by  solution  in  alcohol,  or  of  the  sulfate  by  solution  in  alco- 
hol containing  a  minute  quantity  of  dilute  sulfuric  acid,  and 
spontaneous  evaporation  of  the  solution. 

1.  Kratter^  attaches  great  importance  to  the  appearance  of 
the  crystals,  particularly  when  they  are  observed  with  polarized 


Fig.  36.— Gr.  j^  Atropin  + 
Bromin  in  Hydrobromic  Acid. 
X  75.     (Wormley.) 


Fig.  37.— Gr.  r^^g  Atropin  + 
Bromin  in  Hydrobromic  Acid 
X  125.     (Wormley.) 


light,  as  one  of  the  factors  in  the  evidence  of  the  presence  of 
atropin.  When  it  is  possible  the  crystals  should  be  obtained 
and  photographed  before  proceeding  to  the  chemical  or  physio- 
logical tests. 

2.  The  sensitiveness  of  solutions  of  atropin  salts  to  the  general 
reagents  is  given  by  Dragendorff  as  follows:  lodin  in  potas- 
sium iodid  gives  a  precipitate  in  solutions  of  1:8000;  phospho- 
molybdic  acid,  a  cloudiness  in  1:4000;  phosphoantimonic  acid, 
a  faint  cloud  in  1:5000;  potassium-bismuth  iodid,  1:4000  dis- 
tinctly; potassium-cadmium  iodid,  1:500  distinctly;  potassium- 
mercuric  iodid,  1:4000  faintly;  auric  chlorid,  1:100  faintly; 
picric  acid,  1 :  200  distinctly,  1 :  500  fails. 

3.  According  to  Wormley,^  an  aqueous  solution  of  liydro- 

'  Loc.  cit.,  86,  Plate  ii.  ^  <•  Micro-Chemistry   of  Poisons," 

2a  ed.,  641. 
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bromic  acid,  saturated  with  bromin,  produces  in  solutions  of 
the  salts  of  atropin  and  of  the  free  alkaloid,  even  when  highly- 
diluted,  a  yellow,  amorphous  precipitate,  which  in  a  little  time 
becomes  crystalline  (Figs.  36,  37).  The  precipitate  from  some- 
what strong  solutions  of  the  alkaloid  after  a  time  disappears, 
but  is  immediately  reproduced  upon  the  further  addition  of  the 
reagent.  The  precipitate  is  insoluble  in  acetic  acid,  and  only 
very  sparingly  soluble  in  large  excess  of  hydrochloric,  nitric,  and 
sulfuric  acids,  and  in  the  fixed  caustic  alkalies;  it  is  even  pro- 
duced from  solutions  of  the  alkaloid  in  concentrated  sulfuric 
acid.  Wormley  regards  this  reaction  as  characteristic  of  atro- 
pin (and  hyoscyamin  and  hyoscin),  as,  although  most  of  the  al- 
kaloids and  certain  other  organic  substances  form  yellow  precip- 
itates with  the  reagent,  these  do  not  become  crystalline  except 
that  from  opianyl  (meconin),  which  differs  from  that  produced 
by  atropin  in'  its  crystalline  form.  Nor  does  opianyl  respond  to 
the  physiological  test  or  to  Vitali's  reaction. 

Although  recent  European  writers  (Dragendorff,  Otto,  Bau- 
mert,  Guareschi,  Dupuy,  Kobert)  make  no  mention  of  this 
reaction,  we  have  found  it  to  be  quite  distinct,  and  have  ob- 
tained it  with  the  suitable  residue  in  a  case  of  alleged  poisoning 
by  atropin  and  morphin  in  which  the  physiological  test  gave 
affirmative  results,  but  the  Vitali  reaction  failed.  Although 
this  is  the  condition  of  affairs  which  one  would  expect  in  search- 
ing for  atropin  when  that  alkaloid  is  present  in  organic  mix- 
tures (see  Vitali  reaction  and  physiological  test  below),  we 
had  not  sufficient  faith  in  the  diagnostic  certainty  of  this  test 
to  assert  positively  the  presence  of  atropin,  particularly  as  the 
result  of  the  physiological  test,  although  distinct,  was  not 
intense. 

A  solution  of  bromin  in  hydrobromic  acid  was  used  as  a 
reagent  by  Selmi  in  his  researches  upon  the  ptomains,  many  of 
which  gave  with  it  yellowish,  yellow,  or  orange  precipitates, 
which  are,  however,  not  described  as  crystalline. ' 

4.  Atropin  (and  hyoscyamin,  hyoscin,  and  homatropin)  red- 
den phenolphthalein  paper  or  solution;  which  other  vegetable 
alkaloids,  except  coniin  and  nicotin,  do  not  do.^ 

.  '"Memorie  sopra  Argomenti  tos-  ^  Plugge:  Arch.d.  Pharm.,  1887,  3 

sicologici,"  Bologna,  1878,  143  sen.,       R.,  xxv.,  45. 
167  sea. 
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Methylamin,  cadaverin,  putrescin,  and  other  ptomains  which 
are  amins  also  redden  phenolphthalein. 

5.  The  most  rehable  of  the  tests  for  atropin  (as  well  as  hyos- 
cyamin  and  hyoscin)  is  that  suggested  by  Vital::'  the  solid 
alkaloid,  or  any  of  its  salts  except  the  chlorid,  is  treated  with 
fuming  nitric  acid,  heated  to  boiling,  and  evaporated  to  dryness 
on  the  water-bath.  On  moistening  the  cooled  colorless  or  yel- 
lowish residue  with  a  freshly  prepared  alcoholic  solution  of  po- 
tassium hydroxid  a  purple  color  is  produced,  which  changes 
to  violet  and  red,  and  finally  disappears.  The  reaction  is  sensi- 
tive to  0.000001  gm.  with  the  pure  alkaloid  or  the  sulfate.  If  a 
solution  is  to  be  tested  it  must  be  evaporated,  and  the  test  ap- 
plied to  the  solid  residue.  The  test  should  not  be  applied  to  the 
chlorid  of  the  alkaloid,  because,  as  Chapuis  has  shown,^  the  re- 
action usually  fails  when  applied  to  that  salt.  We  have  also 
found  the  reaction  to  fail  in  a  residue,  even  after  the  addition 
of  atropin  sulfate  in  amount  sufficient  to  give  the  appearances 
distinctly.  The  residue  had  been  purified  as  far  as  possible  by 
repeated  washing  of  the  acid  solution  with  benzene  and  chloro- 
form, yet  only  a  deep  orange  color,  without  any  trace  of  violet, 
was  obtained. 

Three  other  alkaloids  give  results  with  the  Vitali  reaction, 
which  are  in  some  respects  similar  to  those  produced  by  atropin. 
Vitali'  himself  states  that  pseudaconitin  gives  a  red-purple  color. 
Beckmann*  stated  that  veratrin  behaves  like  atropin  to  this 
test  as  well  as  to  Fliickiger's  modification,  but  that  if  a  nitrite 
be  used  in  place  of  a  nitrate,  and  aqueous  potash  substituted 
for  alcoholic,  atropin  alone  gives  a  violet  color.  Moreover,  vera- 
trin does  not  behave  like  atropin  with  Gerrard's  reaction,  and 
does  not  redden  phenolphthalein.  Nor  does  atropin,  mixed  with 
sugar  and  moistened  with  sulfuric  acid,  turn  green  and  blue  as 
does  veratrin,  but  yellow  and  brown;  or  form  a  red  solution, 
like  veratrin,  when  heated  with  hydrochloric  acid.  Thoms'  has 
pointed  out  these  differences:  that  the  residue  after  the  action 
of  nitric  acid  is  "brownish-yellow"  with  veratrin  and  "hardly 
yellowish"  with  atropin,  and  that  on  addition  of  alcoholic  potash 
veratrin  is  only  slowly  colored  red-violet,  while  with  atropin 

'J.    d.    mM.,    chir.,    et    pharm.,  «  "  Chim.  toss.,"  p.  382. 

Bruxelles,  1880,  Ixxi.,  66,  161,  167,  «  Arch.    f.   Pharm.,    1886,    3   R., 

279,  382;  ex  I'Orosi,  1S80,  Xo.  8.  xxiv.,  481. 

^  "Precis  de  Tox.,"  2eme  ed.,  631.  =  Ph.  Centralb.,  1890,  xx.xi.,  559. 
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the  color  is  immediately  pure  violet.  Fabris'  was  the  first  to 
call  attention  to  the  fact  that  strychnin  interferes  with  the 
Vitali  reaction,  unless  the  atropin  is  in  gi'eat  excess.  Later 
Mengazzi,^  having  obtained  both  the  Vitali  reaction  of  atropin 
and  the  color  reaction  of  strychnin,  but  only  the  physiological 
action  of  the  latter  alkaloid  in  a  toxicological  investigation,  ex- 
perimented with  strychnin  alone  and  found  that  even  in  the 
amount  of  0.0001  gm.  strychnin  produces  with  the  Vitali  re- 
action a  violet  color,  which  is,  however,  transient  and  soon 
passes  into  orange  and  brownish-red.  The  color  is  only  produced 
when  the  potash  solution  is  quite  fresh  and  colorless,  and  of 
about  four-per-cent.  strength.  Vitali,''  in  a  further  study  of  his 
reaction,  points  out  the  following  differences  between  atropin 
and  strychnin;  (1)  During  the  evaporation  of  the  nitric  acid, 
particularly  on  approaching  dryness,  atropin  gives  off  an  agree- 
able odor,,  resembling  that  of  hawthorn  blossoms;  strychnin 
does  not.  (2)  Strychnin  moistened  with  nitric  acid  is  colored 
yellow,  which  on  heating  turns  to  orange-red,  and  back  to  yel- 
low, leaving  a  yellow  residue;  atropin  is  not  colored,  and  leaves 
a  colorless  residue.  (3)  If  the  mixture  be  evaporated  to  dry- 
ness after  addition  of  the  potash  solution  a  residue  remains 
which  is  violet  with  atropin,  and  yellow  or  reddish-yellow  with 
strychnin;  and  which,  on  addition  of  further  alcoholic  potash, 
becomes  more  intensely  violet  with  atropin,  but  red-violet,  and 
then  reddish-brown  with  strychnin.  (4)  The  red  or  red-violet 
color  produced  with  strychnin  passes  immediately  to  yellow  on 
addition  of  water,  but  on  similar  treatment  the  violet  of  atropin  is 
completely  discharged.  Either  color  is  restored  on  addition  of 
further  alcohohc  potash.  (5)  If  an  aqueous  solution  be  used  in 
place  of  an  alcoholic,  atropin  gives  a  yellow  color  and  the  mix- 
ture, when  stirred,  deposits  brownish  flocks,  which  dissolve  in 
alcohol  with  a  fine  violet  color.  Under  like  treatment  strych- 
nin gives  a  reddish-brown,  almost  black,  color  which  changes  to 
red-violet  on  addition  of  alcohol.  (6)  If  the  residue  of  evapora- 
tion of  nitric  acid  in  the  presence  of  atropin  be  treated  with 
ammonium  hydroxid,  pale  yellow  drops  separate,  which  dis- 
solve in  alcohohc  potash  with  a  violet  color.  Or  if  the  am- 
moniacal  Hquid  be  extracted  with  chloroform,  this,  on  evapora- 

'  Berichte,  Berlin,  1892,  xx'v.,  c,  '  Boll.  Chim.  Farm.,  1894,  iv.,  103. 

^*^-  » Ibid.,  449. 
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tion,  leaves  an  almost  colorless  residue,  which  gives  a  very 
beautiful  and  enduring  violet  color  with  alcohoHc  potash.  In 
the  presence  of  strychnin,  in  place  of  atropin,  ammonium  hy- 
droxid  causes  an  orange-red  color,  and,  on  addition  of  alcoholic 
potash,  a  transient  violet  is  produced,  which  suddenly  passes  to 
a  deep  blood-red.  Or  chloroform  agitated  with  the  ammoni- 
acal  liquid  is  colored  light  yellow  and  leaves  a  yellow  residue, 
which  gives  an  orange-red  color,  increasing  in  intensity,  with 
alcoholic  potash.  (7)  If  the  residue  of  evaporation  of  nitric 
acid  and  atropin  be  ground  up  with  a  little  potassium  cyanid, 
a  yellow  color  is  produced  which,  on  addition  of  alcoholic  pot- 
ash, passes  into  an  intense  but  rapidly  transient  violet,  or  on 
agitation  passes  to  a  dirty  greenish-blue.  If  the  mixture  be  al- 
lowed to  evaporate  spontaneously  yellow  rings  are  formed  in 
the  capsule,  and  sky-blue  drops  separate,  which  are  dissolved 
by  ether.  Under  like  treatment  with  strychnin  the  mixture  with 
potassium  cyanid  is  reddish-brown,  and  a  fine  red-violet  color, 
passing  to  blood-red,  is  produced  by  alcoholic  potash.  If  the 
mixture  be  agitated  with  a  little  water  and  ether,  the  ether  as- 
sumes a  yellow  color,  and  the  water  is  colored  reddish-yellow 
or  red. 

Arnold^  has  modified  the  reaction  in  that  he  heats  the 
residue  with  concentrated  sulfuric  acid  and  a  minute  fragment 
of  sodium  nitrite,  when  a  dark  yellow  or  orange  residue  re- 
mains, which  on  addition  of  alcoholic  potash  gives  a  beautiful 
red-violet,  soon  changing  to  red.  Fluckiger^  mixes  the  alka- 
loid with  sodium  nitrate,  adds  concentrated  sulfuric  acid,  and 
finally  stirs  in  an  alcoholic  solution  of  sodium  hydroxid. 

6.  Gerraed's  reaction^  consists  in  adding  to  a  small  portion 
of  the  substance  in  a  test-tube  about  2  c.c.  of  a  five-per-cent. 
solution  of  mercuric  chlorid  in  fifty-per-cent.  alcohol  and  warm- 
ing gently:  a  yellow  precipitate  of  mercuric  oxid  is  at  once 
formed,  and  turns  brick-red.  The  atropin  chlorid  produced 
in  this  reaction  combines  with  a  further  quantity  of  the  mer- 
curic salt  to  form  a  definite  compound  which  crystaUizes  out 
in  tufts  as  the  Hquid  cools.     Schweissinger^  has  further  studied 

'Ztschr.     f.     an.     Chem.,     1SS4,  =  Ph.   J.   and  Tr.,    1883-84,   3  s., 

xxiii.,    231;    ex    Arch.    d.    Pharm.,       xiv.,  718,  729. 
1882,  3  R.,  XX.,  561.  « Pharm.  Ztg.,   1884,  xxix.,  683. 

=  Ph.  J.  and  Tr.,  1886,  3  s.,  xvi., 
601. 
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this  reaction  and  found  it  reliable;  also  that  if  0.001  gm.  of 
hyoscyamin  be  treated  with  2  c.c.  of  the  reagent  the  pre- 
cipitate is  not  formed  even  on  heating  or  after  long  standing; 
but  that  if  a  fragment  of  hyoscyamin  be  treated  with  only  one 
or  two  drops  of  the  solution,  the  precipitate  appears  immedi- 
ately on  warming.  He  therefore  recommends  a  one-per-cent. 
solution  of  mercuric  chlorid  in  place  of  a  five-per-cent.,  to  differ- 
entiate hyoscyamin  from  atropin.  Homatropin  does  not  re- 
spond to  this  test,  whereas  it  does  to  Arnold's  modification  of 
the  Vitali  reaction.  According  to  Schweissinger,  a  combination 
of  the  Gerrard  and  Arnold  tests  permits  of  a  distinction  between 
atropin,  hyoscyamin,  and  homatropin. 

7.  Gtjlielmo's  REACTION^  consists  in  moistening  the  resi- 
due with  concentrated  sulfuric  acid,  warming  until  the  mixture 
turns  brown  and  begins  to  give  off  fumes,  and  adding  a  few 
drops  of  distilled  water,  when  an  odor  is  developed  which  is 
between  that  of  orange  blossoms  and  that  of  the  wild  sloe 
(Prunus  spinosa).  Brunner^  modified  the  reaction,  and  made 
it  more  certain  by  using  chromic  anhydrid  in  place  of  sulfuric 
acid.  The  solid  under  examination  is  added  to  a  few  crystals  of 
chromic  anhydrid  in  a  porcelain  capsule,  which  is  then  heated 
until  a  green  color  is  produced.  According  to  Sohn,^  the  test  is 
applied  as  follows :  If  atropin  sulfate  be  heated  first  alone  until 
white  fumes  appear,  then  sulfuric  acid  (1.5  gm.)  be  added,  and 
further  heated  until  browned,  an  agreeable  odor  is  produced  on 
subsequent  addition  of  2  c.c.  water.  On  then  adding  potassium 
permanganate  (a  fragment),  an  odor  of  bitter  almond  oil  will  be 
perceived. 

An  agreeable  odor,  accompanied  by  that  of  acetic  acid,  is 
also  developed  when  atropin  is  boiled  with  a  mixture  of  equal 
volumes  of  concentrated  sulfuric  acid  and  glacial  acetic  acid 
and  allowed  to  cool.     The  mixture  is  also  fluorescent. 

It  must  not  be  forgotten  that  many  ptomains  exhale  odors 
resembhng  those  of  certain  flowers. 

8.  The  physiological  tests  are  two  in  number:  The 
mydriatic  reaction  consists  in  applying  a  drop  or  two  of  the  neutral 
solution  to  the  corner  (inner  canthus)  of  the  eye  and  observing 

'Schweiz.    Wchnsohr.  f.  Pharm.,  ="Dict.    of    the    Act.    Princ.    of 

1863,  1.,  146.  Plants,"  London,  1894,  1.5. 

'  Berichte,   Berlin,  1873,  vi.,  98. 
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the  dilatation  of  the  pupil  which  is  produced  by  atropin,  hyoscya- 
min,  and  hyoscin.  Of  the  lower  animals  the  cat  should  be  se- 
lected for  the  experiment,  or,  if  the  alkaloid  or  its  sulfate  has 
been  separated  in  a  crystalline  and  pure  condition,  the  application 
may  be  made  to  the  human  eye,  which  is  more  sensitive.  In 
any  event  no  excess  of  acid  should  be  present.  According  to 
Bonders/  dilatation  is  produced  by  one  drop  of  a  solution  of 
1 :  130,000.  Fedderson,-  from  the  results  of  experiments  with 
seventy-six  individuals,  fixes  the  minimum  quantity  of  atropin 
sulfate  which  will  distinctly  dilate  the  healthy  pupil  of  a  human 
adult  at  0.0002  mgm.  (  =  0.000003  gr.),  while  half  that  amount 
caused  dilatation  in  forty-two  per  cent,  of  the  subjects.  The 
dilatation  of  the  cat's  pupil  by  direct  application  of  the  urine  of 
patients  may  be  taken  advantage  of  for  the  purpose  of  diagnosis. 

Mydriasis  is  also  produced  by  cocain,  aconitin,  and  certain 
ptomains. 

9.  The  cardiac  reaction  is  based  upon  the  antagonistic  action 
of  atropin  and  muscarin  upon  the  heart.  The  frog's  heart, 
poisoned  with  muscarin,  is  arrested  in  diastole,  but  again  pulsates 
when  treated  with  a  drop  of  atropin  solution  immediately  after 
its  stoppage.  The  reaction  may  be  obtained  with  a  solution 
of  atropin  of  1:1,000,000,  and  is  said  not  to  be  produced  by 
ptomains  or  by  alkaloids  other  than  the  tropeins.  A  practical 
difficulty  is  encountered  in  obtaining  active  muscarin.^ 

Ptomatropin. — Toward  the  end  of  the  eighteenth  century 
it  was  observed  that  in  persons  suffering  from  botulism  (sau- 
sage poisoning)  the  pupils  were  dilated,  frequently  unsymmet- 
rically,  and  the  upper  lid  fell  over  the  eye  (blepharoptosis).^ 
In  1869  Ziilzer  and  Sonnenschein^  obtained  from  putrid  muscu- 
lar tissue,  after  five  to  eight  weeks,  a  crystalline  substance 
responding  to  several  of  the  general  reagents  for  alkaloids, 
which  was  extracted  by  ether  from  alkaline  aqueous  solutions, 
and  which  produced  mydriasis  in  cats  and  rabbits.  This  alka- 
loid is   not  identical  with  another  ptomain,   also  possessed  of 

1  Otto:  "  Ausmittelung  d.  Gifte,"  Modica:  Riforma  med.,  1898,  pt.  i., 

6te  Aufl.,  73.  461.     Albanese:  .A.rch.  ital.  de  biol., 

^  Diss.,  Berlin,  1S,S4,  p.  38.  1900,  xxxiii.,  445.     De  Domenicis: 

^'Schmiedeberg:    Arlj.  d.   physiol.  Giorn.  di  med.  leg.,  1903,  x.,  193. 
Anst.     zu     Leipzig,     1870-1,     131.  *  Kerner:    "Das  Fettgift,"   1822, 

Schauenstein:  Maschka:  "Handb.  d.  xix.,  108  and  passim-. 
ger.  Med.,"  1882,  ii.,(i.')9.     Pellacani:  =  Berl.  kl.  Wchnschr.,    1869,   vi., 

Riv.  sper.  di  freniat.,  1SS7,  xiii.,  238.  121. 
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mydriatic  action,  obtained  by  Brieger,  and  called  by  him  my- 
dalein.'-  It  may,  however,  have  been  identical  with  one  of 
those  obtained  by  Selmi  which  caused  a  dilatation  of  the  pupil 
of  much  shorter  duration  than  that  caused  by  atropin.^  It  is 
plain,  therefore,  that  the  mydriatic  test,  unsupported  by  the  evi- 
dence of  other  tests,  is  not  sufficient  to  distinguish  atropin 
from  a  ptomain. 

All  of  the  putrid  products,  however,  which  have  been  de- 
scribed as  presenting  resemblances  to  atropin  in  some  respects, 
differ  from  it  in  others.  Thus  Ziilzer  and  Sonnenschein's  alka- 
loid, while  crystalline  and  mydriatic,  gave  a  heavy  white  cheesy 
precipitate  with  mercuric  chlorid,  but  the  same  reagent  in  the 
cold  fails  to  precipitate  even  concentrated  solutions  of  atropin 
salts,  while  in  alcoholic  solution  it  gives  Gerrard's  reaction,  to 
which  the  putrid  alkaloids  do  not  appear  to  respond.^  The 
chloroplatinate  of  Brieger's  mydalein  is  crystalline  and  its 
chlorid  crystallizes  with  great  difficulty  and  is  deliquescent; 
while  atropin  chloroplatinate  is  amorphous  and  its  chlorid,  al- 
though not  crystalline,  is  stable.  The  behavior  of  neither  Ziil- 
zer and  Sonnenschein's  base  nor  that  of  mydalein  toward  Vitali's 
reaction  is  indicated.  The  only  putrid  product  said  to  react 
with  VitaH's  test  is  one  referred  to  by  Giotto  and  Spica,"  which, 
however,  gave  negative  results  with  the  Gulielmo  reaction, 
and  had  no  mydriatic  action.  Selmi's  base,  which  is  not  only 
mydriatic  but  also  gives  off  a  fragrant  odor,  does  so  spontaneously 
in  aqueous  solution  after  a  few  days,  or  when  treated  with  acids 
in  the  cold,  while  atropin  only  does  so  on  being  heated  with  an 
acid. 

COCAIN. 

Although  the  properties  of  coca  (Erythroxylon  coca)  were 
well  known  to  the  Peruvians  in  the  time  of  Pizarro  (1532),^  and 
Monardes,  in  1582,  gave  an  account  of  its  use  and  effects  which 

'  "Ptomaine,"  ii.,  48.  *  L'Orosi,    1890,    No.    10.   ex    Ph. 

'"Sulle     Ptomaine,"      Bologna,  Centralh.,  1891,  xxxii.,  26. 
1878,  10,  35,  105.  =  Acosta:  "Hist.  nat.  y  moral,  d. 

'  Brieger,  who  used  an  alcoholic  1.  Indias,"   1590,  lib.   iv.,   cap.   22. 

solution  of  mercuric   chlorid   as   a  A  royal  order  of  1601  regulated  the 

precipitant  for  ptomaiins,  notes  no  employment  of  Indians  upon  coca 

such  appearance  as  that  produced  plantations    (Helps:    "Span.    Conq. 

by  atropin  with  Gerrard's  test.  of  America,"  iv.,  363). 
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reminds  one  of  the  cocain  habitues  of  to-day/  the  plant  appears 
to  have  been  forgotten  among  Europeans  until  Montegazza 
again  called  attention  to  its  medicinal  value  in  1859.^  In  the 
same  year  a  quantity  of  the  leaves  was  brought  to  Europe  by 
the  Austrian  frigate  Novara  and  submitted  to  Professor  Woeh- 
ler  for  examination.  Under  his  direction  Niemann  isolated  the 
alkaloid  for  the  first  time.^  During  the  succeeding  twenty-five 
years  numerous  observations  of  the  therapeutic  action  of  cocain 
were  reported,*  but  it  was  only  in  1884  that  its  value  as  a  local 
anaesthetic  was  simultaneously  recognized  by  Koller/  Frankel," 
and  Jelinek  in  Vienna/  although  the  temporary  insensibility 
which  it  produces  had  already  been  noticed  by  von  Anrep/  and 
even  by  Niemann.' 

Cocain,  C17H21NO4,  whose  total  synthesis  through  ecgonin'" 
has  been  accomplished/'  is  benzoyl-methyl-ecgonin  [C5H7. 
NCHj.CHlOCjHsO^CH^.COOCHg.  It  crystalHzes  in  mono- 
clinic  prisms,  fuses  at  98°  (208.4°  F.),  and  at  higher  tem- 
peratures sublimes  partly  and  is  partly  decomposed.  It  dis- 
solves in  704  parts  of  cold  water,  more  readily  but  with  liability 
to  decomposition  in  hot  water,  readily  soluble  in  ether,  alco- 
hol, and  benzene.  Chloroform,  methyl  alcohol,  acetone,  and 
petroleum  ether  dissolve  it  when  hot,  but  deposit  it  in  crystals 
on  cooling.  Itis  kevogyrous  ([aj^  =  —  15.8°).  Its  solutions  are 
alkaline,  have  a  slightly  bitter  taste,  and  caiise  loss  of  taste 
arid  local  anaesthesia. 

Cocain  is  an  ethereal  base  which  is  readily  saponified.  Even 
on  contact  with  boiling  water  it  is  decomposed  into  methylic 
alcohol  and  benzoyl-ecgonin,  and  by  concentrated  acids  or  baryta 

'■  "  Simplicium     medicamentorum  '  Wien.  med.  BL,  1884,  vii.,  1224, 

ex  novo  orbe,"  etc.,  Antwerp,  1582.  1386;     Wien.     med.     Wchnschr., 

The  account  is  not  found  in  the  edi-  1884,  xxxiv.,  1334,  1364. 

tion  of  Antw.,  1579.  »  Arch.    d.    ges.    Physiol.-,    1870, 

^  Prize    essay,     Milan,     1859,     ex  xxi.,  38. 

Ph.  J.  and  Tr.,  1860,  n.  s.,  i.,  616.  "  hoc.  cit. 

^Ann.    d.    Ch.    u.   Pharm.,    1860,  '»  See  below, 

cxiv.,  213.  11  Merck:   Berichte,  Berlin,  1885, 

'  See     Index     Cat.     Libr.     Surg.-  xviii.,    2264,    2952.     Skraup:   Mon- 

Gen.   U.   S.   A.,   Washington,    1883,  atsh.    f.    Chem.,    1885,    vi.,    556. 

iv.,  352.  WiUstater:    Berichte,    Berlin,  1897, 

5  Wien.  med.  Bl.,  1884,  vii.,  1352;  xxx.,  2679;  1898,  xxxi.,  1534,  2498. 

Wien.     med.      Wchnschr.,      IS 84,  WiUstater  and  MuUer:  Ibid.,  1898, 

xxxiv.,  1276,  1309.  xxxi.,  1212,  2655. 

°  Wien.    med.    Wchnschr.,    1884, 
xxxiv.,  1536. 
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water  into  methylic  alcohol,  benzoic  acid,  and  ecgonin.  This 
decomposition  also  takes  place  rapidly  in  the  hving  body,  and 
when  cocain  is  taken  in  non-fatal  doses  the  urine  does  not 
contain  it.  Glasenap'  confirms  the  statement  of  Vitah,^  that 
the  decomposition  of  cocain,  rapid  during  life,  progresses 
only  very  slowly  after  death  in  the  presence  of  putrefying 
material.' 

Cocain  is  used  medicinally  in  the  form  of  its  chlorid:  Co- 
caium  chlorid  or  cocain  hydrochlorid,  which  crystallizes  in  anhy- 
drous, colorless  prisms,  plates,  or  scales,  fusible  at  181 . 5°  (358 . 7° 
F.);  soluble  in  0.75  part  of  water,  difficultly  soluble  in  absolute 
alcohol,  insoluble  in  ether,  benzene,  petroleum  ether,  and  soluble 
in  acetone  and  in  chloroform.  Its  solutions  are  neutral,  and  it 
decomposes  in  a  short  time  when  in  solution. 

Benzoyl -ecgonin  accompanies  cocain  in  coca  leaves,  or  at 
least  in  the  product  therefrom.  It  crystallizes  in  prisms  with 
4  Aq.,  or  in  long  anhydrous  prisms  from  chloroform.  The  hy- 
drated  crystals  fuse  at  90°  to  92°  (194°  to  197.6°  F.),  the  anhy- 
drous at  189°  to  193°  (372. 2°  to  379.4°  F.).  It  is  neutral  in  re- 
action, and  has  but  slight  anaesthetic  action.  It  is  difficultly  solu- 
ble in  cold  water  and  in  ether,  but  soluble  in  alcohol,  methylic 
alcohol,  and  in  hot  water,  acetone,  or  chloroform. 

Ecgonin,  C9H15NO5,  is  a  substance  possessed  of  both  basic 
and  acid  properties,  whose  constitution  has  been  established,^ 
which  occurs  in  the  amorphous  bases  obtained  after  the  separa- 
tion of  cocain,  and  is  one  of  the  products  of  decomposition 
of  that  alkaloid.  It  crystallizes,  with  1  Aq.,  in  oblique  rhombic 
prisms,  fusible  at  198°  (388.4°  F.).  It  is  neutral  in  reaction, 
bitter-sweet  in  taste,  and  very  soluble  in  water,  soluble  with 
difficulty  in  absolute  alcohol  or  chloroform,  and  insoluble  in 
ether  and  carbon  disulfid. 

The  chemical  relationship  between   atropin   and   cocain   is 

'  Diss.,  St.  Petersb.,  1894.  962,  1482;  1894,  xxvii.,  1874,  2447; 

^"Manuale  di  chim.  toss.,"  1893,  those     of     C.     Liebermann:     Ibid., 

*03.  1888,  xxi.,  2342,  3196;  1889,  xxii., 

'See  also  Sonni^-Moret:  J.  de  ph.  130,  672,  675,  680,  2661;  1890,  xxiii., 

et  de  chim.,  1893,  5  s.,  xxviii.,  390.  141,  508,  512,  926,  2518;  1891,  xxiv., 

'For  the   chemistry   of   ecgonin  407,   606,    1101,   2336,   2587;    1892, 

and  cocain  see  the   researches   of  xxv.,   927;   1893,  xxvi.,  834;   1894, 

limhom:    Beriohte,     Berlin,     1887,  xxvii.,  1416,  2037,  2051;  and  those 

XX.,    1221;    1888,    xxi.,    47;    1889,  of    Willstatter:    Ibid.,    1897,   xxx., 

XXII.,  399,  1362,  1495;  1890,  xxiii.,  2679;  1898,  xxxi.,  1212,  1534,  2498, 

m8,  979,   1338;   1893,   xxvi.,    324,  2655;  1899,  xxxii.,  1637. 
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close.  Both  are  ester  bases,  yielding  an  acid  and  a  pyridin 
derivative  on  saponification.  Ecgonin  on  decomposition  of  its 
barium  compound  by  heat  yields  a  liquid  base,  boiling  between 
210°-230°  (410°-446°  F.),  isomeric  with  tropin  (see  p.  864), 
isotropin  or  pseudotropin,  CgTIi^NO,  a  derivative  of  which, 
benzoyl-pseudotropin,  CgHj^NOCCoHjCO),  has  been  obtained  in 
colorless,  crystalline  plates  from  Java  coca  leaves.  As  atro- 
pin  is  but  one  of  a  series  of  tropeins  produced  by  the 
union  of  tropin  with  acid  radicals,  so  cocain  is  the  repre- 
sentative of  similar  compounds  of  ecgonin  with  acid  and 
alcoholic  radicals;  one  of  which,  cinnamyl-methyl-ecgonin,  or 
cinnamyl-cocain,  C9Hi3N03,CH3(C9H70),  occurs  naturally  in 
Java  coca. 

Gocamin — Truxillin — C19H23NO4 — is  another  of  the  amor- 
phous bases  of  the  coca  leaves,  which  is  neutral  in  reaction, 
bitter,  soluble  in  alcohol,  ether,  chloroform,  benzene,  and  hot 
water,  but  sparingly  soluble  in  cold  water  and  in  petroleum 
ether.  It  has  no  anaesthetic  action,  but  is  intensely 
poisonous.^ 

Hygrin. — As  early  as  1862  Lossen^  described  a  liquid,  vola- 
tile alkaloid  which  accompanies  cocain.  The  coeain  mother 
liquors  from  Truxillo  coca  were  further  examined  by  Lieber- 
mann,^  who  found  two  volatile  alkaloids,  a  hygrin,  CgHjjNO, 
and  /?  hygrin,  Ci^Hj^NjO,  which  are  strongly  alkaline 
liquids,  having  a  quinolin-like  odor  and  forming  crystalline 
chlorids. 

A  number  of  synthetic  products  are  now  used  as  local  an- 
aesthetics and  substitutes  for  cocain,  over  which  they  are  claimed 
to  have  the  advantage  of  a  less  degree  of  toxicity  in  medicinally 
effective  doses.  Several  of  them,  however,  cause  toxic  effects 
similar  to  those  produced  by  cocain  when  they  are  taken  in  suf- 
ficient quantity.  They  are  for  the  most  part  benzoyl-amido  de- 
rivatives of  alkamins  or  amido  derivatives  of  oxybenzoic  acids. 
Among  them  are :  acoin,  alypin,  anaesthetin,  the  eucains,  alpha* 

*  Liebermann:    Berichte,     Berlin,  to   these    substances  is  very  volu- 

ISSS,  xxi.,  2342.  minous.     This  note  and  the  foUow- 

^  Ann.  d.  Ch.  u.  Ph.,  1862,  cxxi.,  ing  refer  to  toxicological  observa- 

374,  tions.     Neuhaus:  Mntschr.  f.  prakt. 

=  Berichte,     Berlin      1888,    xxii.,  Dermat.,  1903,  xxxvii.,  166;  Ph.  J., 

675;  1891,  xxiv.,  407.  1907,    4    s.,    xxv.,    321,   a   case  of 

'  The  medical  literature  referring  suicide. 
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and  beta/  euphthalmin,  holocain,^  nirvanin,  novocain,'  ortho- 
form,*  stovain,^  and  subcutin. 

Statistics. — In  the  brief  period  during  which  cocain  has 
been  in  general  use  instances  of  poisoning  by  it  have  accumu- 
lated rapidly.  The  earliest  case  reported  was  that  of  a  phar- 
macist, who  tobk  a  large  quantity  of  a  crystalline  extract,  ob- 
tained from  two  pounds  of  the  leaves,  in  1863.  He  went  to 
sleep,  but  in  a  few  hours  awoke  and  manifested  the  symptoms 
since  so  famiUar,  with  suppression  of  urine  during  twenty-four 
hours,  but  ultimately  recovered.® 

We  have  collated  the  reports  of  384  cases  up  to  1909.'  All 
anterior  to  1894  were  accidental  poisonings  resulting  from  the 
use  of  cocain  in  surgical  practice,  except  the  suicidal  case  re- 
•  f erred  to  above. 

Fagerlund's  case'  was  that  of-  a  young  woman  who  swallowed  a 
teaspoonful  of  cocain  in  a  glass  of  beer  with  suicidal  intent,  and  died 
in  half  an  hour.  A  dissipated  English  physician,  a  cocainist,  killed 
himself  in  Melbourne  with  an  overdose,  estimated  at  30  grains,  taken 
hypodermically  in  about  18  hours.'  A  woman  of  35  attempted  suicide 
by  swallowing  25  c.c.  of  a  five-per-cent.  solution.'"  Another  woman 
attempted   suicide    by    swallowing   a  two-per-cent.   solution."     Still 

'  Engelmann:Munch.  med.  Wchn-  254.     Piquand    and    Dryfus:    Ibid., 

schr.,  1900,  xlvii.,   1531.    Parsons:  1907,   Ixiii.,   411.  Pharm.  J.,    1908, 

J.  Am.  Chem.  See,  1901,  xxiii..  885.  4  s.,  xxvii.,  819. 
Marcinowski:  Deut.  Ztschr.  f.  Chir.,  "Plass:  Ztschr.  f.  Med.,  Chir.,  u. 

1902,    Ixv.,    417.     Simon:    Miinch.  Gebh.,  1863,  n.  F.,  ii.,  (5)    222. 
med.   Wchnschr.,    1904, .  li.,    1289.  '  For  good  bibliographies  of  the 

Krauss:    Deut.     med.     Wchnschr.,  earlier  cases  see  Latte:  Diss.,   Ber- 

1906,  xxxii.,  67.  '  Dolbeau:  Ref.  by  lin,     1888.     Mannheim:    Ztschr.    f. 

Krauss.  kl.    Med.,    1890,    380,    and    Falck: 

'Said  to  be  4  to  5  times  as  toxic  Therap.  Monatshft.,  1890,  iv^  511, 

as  cocain.  564.     Also  Mattison's  papers,  Quart. 

' Landsberger:     Deut.     zahnarz.  J.  Inebr.,   1888,  x.,  57;  M.  and  S. 

Wchnschr.,  1906,  No.  46.  Beptr.,     1891,    Ixv.,     645;     Dublin 

*  Goulier  and  Guinard:  C.  r.  Soc.  J.  M.  Sc,  1895,  xcix.,  118.     We  have 

de  biol.,  1898,  10  s.,  v.,  802,   883.  not  access  to  Viau's  paper:  "Etude 

Bardet:    Nouv.     Rem^des,     1904,  critique    des    intoxications    par    la 

XX.,    241.    Audebert:    C.    r.    Soc.  cocain,"    Odontologie,  Paris,    1893, 

dobs,  de  gyn.,  etc.,  1904,  vi.,  110.  xiii.,  97. 

bchmidt:    Montreal    M.    J.,     1906,  »  Vrtlischr.  f.  ger.  Med.,  1894,  3 

""^^Z-'  ^^^-  F;  viii.,  Supplh.,  94. 
...fourneau:  J.  de  Ph.  et  de  Ch.,  »  Scott:  Australas.  M.  Gaz.,  1895, 

I904,6s.,ii.,l08.  LaunayandBillon:  xiv.,  94. 

^-  r-  Ac.  sc,  1904,  cxxxviii.,  1360.  '°  Ball:  Richmond  J.  Pract.,  1895, 

JJelattre:    Th^se,    Paris,     1905.  ix.,  383. 

Merck  s    Ann.    Rept.,     1905,     191.  >' Luther:  Therap.  Mntsh.,  1893, 

«aylac:  C.  r.  Soc.  de  biol.,  1906,  Ix.,  vii.,  92. 
IV.-57 
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another  young  woman  made  a  similar  attempt  with  0.1  gm.*  A  man 
of  56  attempted  suicide  by  swallowing  about  17 grains.^  Anotherman 
of  37  died  in  about  one  hour  from  the  effects  of  a  four-per-cent.  solu- 
tion, swallowed  with  suicidal  intent.^  A  pharmacist  in  England 
suicided  by  swallowing  cocain.* 

Up  to  the  present  time  we  find  record  of  67  fatal  cases: 

1.  Man,  33;  small  quantity  of  a  two-per-cent.  solution  brushed  into 
the  larynx.     Died  in  three  hours.  ° 

2.  Woman,  23;  twenty-four  "gran"  (1.5  gm.)  administered  in 
enema.  Death  in  three  hours.  The  surgeon,  Professor  Kolomnin, 
killed  himself  in  consequence." 

3.  Girl,  11;  six  to  twelve  drops  of  a  four-per-cent.  solution  injected 
over  the  deltoid.  In  less  than  forty  seconds  took  a  deep  breatli, 
became  deathly  pale,  dropped  unconscious,  and  died  one  minute 
later.' 

4.  Woman,  39;  used  a  four-per-cent.  solution  for  toothache.  "Seen 
at  5  A.  M.,  died  apparently  from  complete  exhaustion  3.:30  a.  m."  (siciy 

5.  Man,  29;  one  drachm  of  a  twenty-per-cent.  solution  injected  into 
the  urethra.     Death  in  twenty-five  minutes.* 

6.  Female,  71;  subconjunctival  injection  of  0.04  gm.  (  iV grain). 
Death  in  five  hours.'" 

7.  Woman;  hypodermic  injection  in  breast  of  0.225  gm.  (3J  grains). 
Immediate  epileptiform  convulsions,  which  were  repeated  until  death." 

8.  Man;  twenty  grains  (1.3  gm.)  given  in  solution  by  nurse  to 
patient  in  hospital,  in  consequence  of  error  in  delivering  medicines. 
Death  in  one  hour.'^ 

9.  Woman;  4  gm.  of  a  thirty-per-cent.  solution  =  1.2  gm. 
(18^  gr.)  of  cocain,  by  mistake." 

10.  A  pharmacist,  who  sprayed  his  own  throat  with  a  solution  of 
cocain,  had  a  series  of  syncopes  and  died  in  seven  to  eight  hours." 


'  Benedict:    Internat.    M.    Mag.,  '  Knabe:  Berlin,  cited  by  Matti- 

1898,  vu.,  514.  son,  Med.  Age,  1887,  v.,  129.- 

2  Fox;    New    Engl.     M.     Mthly.,  « Thomas:  76id. 

1896,  XV.,  197.  »  Simes:   M.    News,  Phila.,   1888, 

'Conerly:    Tr.    Texas    M.    Ass.,  liii.,  70. 

1887,  79.  10  Abadie:  Intern,  kl.  Rundschau, 

*  Pharm.    J.,    1908,    4   s.,    xxvii.,  1888,  ii.,  1746. 

669.     See  also:  Ibid.,  1902,  4  s.,  xv.,  '•  Zambianchi:     Gazz.    d.    Osp., 

226;  1906,  xxiii.,  475;  1907,  xxiv.,  1888,  ix.,  93. 

341-  >2  Lancet,  1889,  i.,  292. 

"Long:   Amer.   Lancet,    1886,    n.  '«  Montalti:  LoSperim.,  1888,lxii., 

s.,  X.,  404.  294. 

"Therap.    Monatshft.,    1888,    ii.,  '*  Baratoux,  quoted  by  Reclus  and 

393,  ex  Vrach,  St.  Pet.,  1886,  Wall:  Rev.  de  Chir.,  1889,  ix.,  167. 
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11.  Woman,  29;  subgingival  injection  of  0.06  gm.  (I'ji grain).  Be- 
came motionless  and  died  soon.' 

12.  Man,  45 ;  an  application  of  five  drops  of  a  five-per-cent.  solution 
to  the  ear.^ 

13.  Man,  29  (physician) ;  found  dead  in  a  lavatory.  Had  probably 
taken  an  overdose  of  cocain  to  relieve  pain,  and  had  recourse  to  apo- 
morphin.' 

14.  Man,  40;  about  0.4.  gm  (6  grains)  injected  in  solution  into  tu- 
nica vaginalis.     Death  in  twenty  minutes.'' 

15.  Man,  44;  about  one  drachm  of  a  four-per-cent.  solution  (=  0.154 
gm.)  injected  into  urethra.  Convulsions,  great  cerebral  excitement, 
pulse  imperceptible,  death  in  four  to  five  minutes.' 

16.  Girl,  12;  a  solution  sprayed  into  the  nose.  Suddenly  became 
faint  and  died  in  a  few  minutes." 

17.  Young  woman ;  a  teaspoonf ul  in  beer.  Suicide ;  death  in  half 
an  hour.' 

18.  Boy,  2i^;  half  a  grain  (0.03  gm.)  injected  into  the  urethra.  Death 
in  three  days.' 

19.  "A  friend;"  subgingival  injection  of  foUr  grains  (0.26  gm.). 
Death  in  convulsions  in  one  hour.' 

20.  Man,  72;  1  gm.  (15.3  grains)  injected  into  urethra.  Death  in 
a  few  minutes.'" 

21.  Woman,  ad.,  had  been  using  cocain  as  a  local  application  to  the 
gums  for  over  a  year." 

22.  23,  24.  Mattison'^  refers  to  four  fatal  poisonings.  One  is  No.  15, 
above.  Another  (22)  is  that  of  a  male  patient  in  the  Manhattan  Hos- 
pital who  went  into  convulsions  and  died  almost  immediately  after  the 
injection  of  20  minims  of  a  four-per-cent.  solution  into  the  urethra  (Dr. 
J.  E.  Lumbard) .  The  third  (23)  is  that  of  a  young  woman  who  became 
greatly  excited,  and  died  in  a  few  minutes  after  the  application  of  a 
four-per-cent.  solution  to  a  carbolic  acid  burn  (Chicago,  1895).  The 
fourth  (24)  is  that  of  a  man  of  25,  who,  in  15  minutes  after  having 
received  two  hypodermic  injections  of  a  four-per-cent.  solution  of  20 

'Case  of  Jeanne  Delcombre,   at  «  Baker:  Am.  J.  Ophth.,  1893,  x., 

Lille,  France,    in    1890.     Rehfuss:  342. 

"Treat,  on  Dent.  Jurispr.,"  Phila.,  'Fagerlund:  hoc.  cit. 

1892,  p.  67.  "Liller  Zahnarzt:"  J.  'Haynes:    Med.  News,  1894,  Ixv., 

d.  Zahnhlk.,  1890,  25  Sept.;  Odon-  144. 

tologie,  1890,  X.,  356.  "  Haynes:  Loc.  cit. 

'Schwabach:Therap.  Monatshft.,  "  Replus:   Bull,  at  m^m.    Soc.de 

1890,  IV.,  149.  chir.,   Paris,    1894,   n.  s.,  xx.,   276. 

^Lancet,  1891,  ii.,  849.  In  the  light  of  previous  experience 

Berger;    Bull,  et  m^m.  Soc.  de  this  case  can  hardly  be  considered 

""'/m  Paris,  1891,  n.s.,xvii.,  751.  as    "accidental." 

Gwyer:   Unpublished;    Bellevue  "  Med.    Mag.,  London,  1895,  iv., 

iiosp.  Records,  1892,  p.  553.  711. 

'2  Dublin  J.  M.  Sc,  1895,  xcix.,  118. 
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minims  each,  with  an  interval  of  10  minutes,  went  into  convulsions  and 
died  in  one  minute  (Jersey  City,  1895). 

25,  26.  Scott's  and  Conerly's   cases,   mentioned  above. 

27.  Woman,  died  in  three-fourths  hour  after  having  swallowed  10 
grains  (0.648  gm.)  of  the  hydrochlorid  by  mistake.  The  solution  was 
a  year  old.' 

28.  Woman,  17;  died  in  40  minutes  after  having  swallowed  about 
12  grains  (0.78  gm.)  of  the  hydrochlorid,  in  ten-per-cent.  solution,  for 
relief  of  a  toothache.^ 

29.  Young  man,  died  almost  as  if  struck  by  lightning  after  the 
injection  of  a  twenty-per-cent.  solution  into  the  urethra.^ 

30.  Woman,  72 ;  cardiac,  died  soon  after  an  operation  for  cataract, 
from  the  action  of  cocain.^ 

31.  Man,  24;  in  two  minutes  after  urethral  injection  of  7  c.c.  of  a 
ten-per-cent.  solution  was  seized  with  general  epileptiform  convulsions 
and  soon  died.' 

32.  Man,  died  in  about  three-fourths  hour  after  the  injection  of 
20+ 10  c.c.  of  a  five-per-cent.  solution  into  the  tunica  vaginalis." 

33.  Child,  3 ;  died  in  2 J  to  3  hours  after  the  use  of  a  cocain  spray  in 
the  extraction  of  a  nail  from  the  bronchi.  It  went  into  tetaniform  con- 
vulsions during  the  operation.' 

34-37.  Bour'  describes  the  autopsies  in  three  cases:  (34)  a  young 
woman  who  died  in  half  an  hour  from  the  effects  of  an  unknown  quantity 
of  cocain;  (35)  another  woman  of  18  who  died  in  40  minutes  after  an 
injection  of  0.7  to  0.8  gm.  (10.8  to  12.3  gr.);  (36)  a  man  of  25  who 
died  almost  immediately  after  the  injection  of  1  c.c.  of  a  twenty-per- 
cent, solution  into  the  urethra.  He  also  refers  (37)  to  a  ease  of  Julli- 
ards's  of  a  man  of  45  who  died  in  45  hours  after  a  subarachnoid 
injection  of  cocain. 

38-40.  Lacassagne  and  Roland"  refer  to  three  deaths  following 
subarachnoid  cooainization  in  which  the  use  of  the  anaesthetic  was  more 
or  less  responsible  for  the  fatal  result.  One  (38)  by  Tuffier,  man,  52, 
death  in  two  hours.  Another  (39)  by  Dumont,  death  on  the  sixth  day. 
The  third  (40)  by  Folet,  man,  50,  death  in  two  days. 

41.  An  English  physician  refused  a  certificate  in  a  case  in  which  he 

'  Curgenven:  Quart.  M.  J.,  Shef-  "  Lacassagne  and  Roland:  Arch, 

field,  1895-6,  iv.,  152.  d'anthrop.  crim.,  1905,  xx.,  1. 

^Johnson:   Brit.  M.  J.,  1895,  ii.,  '  Lindt,   cited  by  Frey>  Ann.  d. 

1162.     Garland:   Lancet,    1895,    ii.,  mal.  de  I'oreille,  etc.,  1907,  xxxiii., 

1104.  pt.  1,  222. 

'•Pfister:     Berl.     kl.     Wchnschr.,  '  These,  Paris,  1901. 

1896,  xxxiii.,  297.  »  Loc.  cit.   See  also:  Hahn:  Centbl. 

*  Bribosia,   cited   by   Broeckaert:  f.   d.    Grenzgeb.   d.   Med.   u.  Chir., 

Belgique  med.,  1896,  'iii.,  pt.  2,  354.  1900,  iii.,  337,  452;  1901,  iv.,  305, 

'  Simon;  Munch,  med.  Wchnschr.,  340. 
1904,  H.,  1287. 
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believed  that  death  had  resulted  from  the  use  of  a  cocain  inhaler.     The 
coroner's  jury  did  not  agree  with  him.' 

42-67.  During  the  past  twenty  years  fatal  medicinal  poisonings 
by  cocain  have  diminished  greatly  in  frequency,  and  the  proportion 
of  suicides  has  increased.  During  this  period  also  the  cocain  habit 
lias  originated  and  has  extended  widely,  and  deaths  from  overdosage 
among  cocainists  occur  in  increasing  number  in  spite  of  legislation. 
Thus  the  reports  of  coroners'  inquests  in  England  during  the  years 
1889  to  1908  contain  26  fatal  cocain  poisonings^  of  which  two  were 
in  dentaP  and  one  in  surgical*  practice,  four  were  suicides'  and  the 
remainder  were  due  to  overdosage.  Obviously  these  fatalities  represent 
but  a  small  fraction  of  those  which  occur. 

Lethal  Dose  and  Dliration. — The  quantity  taken  is  stated  in 
only  25  of  the  67  fatal  cases.  Two  of  the  patients  were  children 
of  2i  and  11  years  who  received  0.032  and  0.024  gm.  (0.5  and 
0.37  gr.),  respectively  (Nos.  18, 3).  In  three  of  the  five  cases  in 
which  cocain  was  swallowed  by  adults  the  amounts  taken  were 
more  than  1  gm.,  which  Mannheim^  considers  to  be  the  lethal 
dose,  whether  it  be  taken  by  the  mouth  or  otherwise.  But  in  Nos. 
27  and  28  the  quantities  swallowed  were  0.648  and  0.79  gm.  (10 
and  12  gr.),  respectively.  Several  cases  have  also  been  reported 
in  which  1  gm.  (15.4  gr.)  or  more  has  been  taken  by  a  non-habitu- 
ated person  without  death  resulting:  In  one  case  1  gm.  was 
swallowed'  and  in  another  1.1  gm.  (17  gr.).^  In  a  dental  case 
1  gm.  was  used.*  A  man  received  1.25  gm.  (19^  gr.)  hypoder- 
mically;*"  and  in  a  child  of  9J  years  1  gm.  was  sprayed  into  the 
larynx."  BalU^  reported  the  case  of  a  woman  habitude  who  swal- 
lowed 1.25  gm.  (19i  gr.)  at  one  time,  with  unsuccessful  suicidal 
intent;  and  Cobb'^  that  of  a  man  who  was  not  killed  by  4.54  gm. 
(70  gr.),  swallowed  in  20  hours.     Much  smaller  quantities  than 

' Lancet,  1908,  i.,  663,  740.  'Peyser:     Berl.     kl.     Wchnschr., 

'Pharm.  J.,  1889  to  1908,  3  s.,  xx.  1905,  xlii.,  966. 

to  4  s.,  xxvii.,  passim.     No  cases  are  »  Fox:  New  Engl.  M.  Mthly.,  1896, 

reported  in  vols.  1889-90  to  1893-  xv.,  197. 

94,  3  s.,  XX  to  xxiv.;  1896  to  1899  »  Lustig:  Deut.Ztschr.f.Zahnhlk., 

4  s.,  ui.  to   viii.;    1900,   4  s.,   xii.,  1888,  431. 

lyOo,  4  s.,  xxi.  10  Ricci:   Deut.   med.    Wchnschr., 

,  '^"c.  cit.,  1901,  4  s.,  xiii.,   110;  1887,  xiii.,  894. 

1902,  4  s.,  XV.,  533.  "  Heymann:  Berl.  kl.  Wchnschr., 

Loc.  cit.,  1906,  4  s.,  xxiii.,  289.  1885,  xxii.,  795. 

..foc.cii,,  1902,4  s.,  XV.,  226;  1906,  '^  j^ichmond   J.  Pract.,  1895,  ix., 

'K"!:,  475;  1907,  xxiv.,  341;  1908,  383. 

'^w-.  669.  13  Southern  Clin.,  1891,  xiv.,  7. 
Ztschr.  f ,  kl.  Med.,  1890,  xvi.,  380. 
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1  gm.  may  cause  death  when  more  directly  introduced  into  the 
circulation.  In  all  the  urethral  cases  save  one  (20),  in  which  the 
quantity  has  been  stated,  it  has  been  less  than  1  gm.,  and  in  three 
less  than  1  dgm.:  No.  31,  0.07  gm.  (1.1  gr.);  No.  22,  0.05  gm. 
(0.8  gr.),  and  No.  18,  0.03  gm.  (0.5  gr.).  In  No.  3  the  death  of 
a  boy  of  seven  years  was  caused  by  0.024  gm.  (0.4  gr.),  given 
hypodermically. 

The  fatal  termination  usually  occurs  early  and  suddenly.  In 
5  of  37  cases  in  which  the  duration  is  recorded  (Nos.  11,  22,  29, 
30,  36)  it  occurred  "immediately"  or  "soon,"  and  in  6  (Nos.  3, 
15, 16,  20,  23,  31)  in  two,  three,  five,  or  "  a  few"  minutes.  Rarely 
is  life  prolonged  more  than  three  hours:  in  Nos.  1,  2,  and  33  three 
hours,  and  in  No.  10  eight  hours.  Nos.  40  and  39,  in  which  life 
continued  for  two  and  six  da3's,  were  cases  of  subarachnoid  injec- 
tion, in  which  the  fatal  result  was  not  attributable  solely  to  co- 
cain.     Hayne's  case.  No.  18,  is  certainly  most  exceptional. 

Usually  recovery  from  acute  cocain  poisoning  is  prompt  and 
complete,'  but  "nervous"  persons  maj',  after  recovery  from  a 
typical  poisoning  from  one  dose,  remain  incapacitated  for  their 
usual  avocations  for  several  weeks. ^ 

Method  of  Action. — Cocain,  even  in  moderate  doses,  stimu- 
lates the  central  nervous  system.  It  is  this  effect  which  has  been 
the  objective  of  the  ancient  coca-chewing  Peruvian  and  of  the 
modern  "cocain  fiend."  With  larger  doses  the  stimulation  is 
exaggerated  to  the  production  of  violent  convulsions,  which  are 
succeeded  by  central  paralysis,^  and  consequent  death  from  cessa- 
tion of  respiration.*  Another  action  of  cocain  is  to  paralyze 
the  peripheral  terminations  of  sensory  nerves  with  which  it  is 
brought  into  direct  contact,  an  action  which  is  utilized  in  the 
production  of  local  anaesthesia.^  Although  its  action  upon  the 
sensory  nerves  is  the  more  obvious,  cocain  in  sufficient  amount 

'  Roberts:    (Lancet,  1887,  i.,  780)  nard:  C.  r.  Soc.  de  biol.,  1898,  10 

reports  a  case  in  which  the  patient  s.,  v.,  800. 

remained  blind.  *  According  to  Maurel  (Bull.  g6n. 

2  Hallopeau:  Bull.  g^n.  de  th6r.,  de  th6r.,   1892,  cxxii.,   201),  death 

1891,  cxx.,  481.  by  cocain  is  a  consequence  of  the 

=  v.    Anrep:   Pflug.    Arch.,    1880,  death  of  the  leucocytes, 

xxi.,    38.     Laborde:   C.   r.   Soc.   de  ^Feinberg:    Berl.   Id.   Wchnschr., 

biol.,  1884,  8  s.,  i.,  631,  645,  747.  1886,   xxiii.,    .52;    1SS7,   xxiv.,   166. 

Baldi:   Arch.   ital.    de   biol.,    1889,  Langley     and     Dickinson:     J.     of 

XI.,  70.     Tumass:  Arch.  f.  exp.  P.  u.  Physiol.,     1890,    xi.,    515.     Dixon: 

P.,  1886,  xxii.,   107.     Mosso:  Ibid.,  Ibid.,  1904-5,  xxxii.,  87. 
1887,  xxiii.,  153.     Soulier  and  Gui- 
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also  paralyzes  the  motor  nerve  terminations.'  The  various  eye- 
effects  of  cocain:  dilatation  of  the  pupil,  paralysis  of  accommoda- 
tion, variation  in  intraocular  pressure,  protrusion  of  the  bulb, 
etc.,  are  due  to  its  action  upon  terminations  of  the  sympathetic. ^ 
In  concentrated  solution  cocain  also  acts  upon  the  tissues  of 
the  eye,  causing  opacity,  ulceration,  and  glaucoma.^  In  moder- 
ate doses  cocain  has  little  effect  upon  the  respiration  or  the  cir- 
culation, but  with  very  large  doses  the  respiration,  after  a  tran- 
sient diminution  in  frequency,  is  accelerated,  the  blood  pressure 
is  diminished,  and  the  heart  is  arrested  in  systole.*  Although 
pyrexia  is  noted  in  but  few  human  cases, ^  and  in  one  case  a  sub- 
normal temperature  is  recorded;®  experiments  upon  animals 
have  demonstrated  that  cocain  produces  in  them  a  distinct  eleva- 
tion of  body  temperature.' 

Symptoms. — Non-fatal  Cases. — Immediately  after  the  ad- 
ministration the  patient  "feels  queer"  and  soon  becomes  very 
restless,  with  a  wild  look  in  the  eyes,  is  frequently  very  loqua- 
cious, utters  foolish  remarks,  and  makes  chorea-like  movements 
with  the  arms  and  legs.  Frequently  the  mental  disturbance 
progresses  to  delirium,  with  hallucinations  of  sensation  and  of 
vision,  or  a  maniacal  condition  in  which  the  efforts  of  several 
attendants  are  required  to  control  the  patient.  There  is  a  sense 
of  dryness  and  of  scratching  in  the  mouth  and  throat,  difficulty 
of  deglutition,  and  a  feeling  of  constriction  and  impending  suf- 
focation, anaesthesia  at  the  seat  of  application,  and  a  sensation 

'Mosso:    Pflug.     Arch.,     189  0,  and  S.  J.,   1886-7,  n.   s.,  iii.,  418. 

xlvii.,     553.     Dauielewsky:     Ihid.,  Uhthoff:    Graefe-Saemisch  Handb., 

1892,  li.,  446.  Lief.  32-34,  1901,  p.  143. 

'^  Just:Centbl.  f.  prakt.  Augenhlk.,  *  Mosso:  Loc.  ci'L    Feinberg :  ioc. 

1885,  ix.,  368.   Pfluger: /hid.,  p.  206;  cil.      Broeckaert:     Belgique     m(5d., 

Klin.  Mntsbl.   f.   Augenhlk.,    1886,  1896,  iii.,  pt.  2,  353. 

xxiv.,     169.    Scholer:     Centbl.     f.  =  Simes:  M.  News,  1888,  liii.,  70, 

Augenhlk.,    1885,    ix.,    28.     Evers-  slight.     Frey:     Ann.     d.     mal.     de 

busch: /bid.,  p.  289.     Jessop:  Prac-  I'oreille,   etc.,    1907,   xxxiii.,   pt.    1, 

titioner,  1885,  xxxiv.,  1.     Feinberg:  2  2  2,     100°.       Heyman:     Berl.     kl. 

ioc.    at.     Durdufi:     Deut.     med.  Wchnschr.,  1885,  xxii.,  795,  100.8°. 

Wchnsohr.,  1887,  xiii.,    172.     Lim-  Engelmann:    Miinch.    med.    Wchn- 

bourg:  Arch.  f.  exp.  P.  u.  P.,  1892,  schr.,    1900,    xlvii.,    1531,    101.7°. 

XXX.,    93.    Schede:    Munch,    med.  Suker:    Toledo    M.    and  S.  Reptr., 

Wchnschr.,  1895,  xlii.,  456.  1895,  viii.,  600,  102°. 

Wickerkiewicz:  Centbl.  f.  prakt.  "  Spear:  Med.  Rec,  1885,  xxvni., 

Augenhlk.,  1885,  ix.,  368.     Bunge:  536,96.7°. 

Kl.  Mntsbl.  f.  Augenhlk.,  1885,  xxiii.,  '  Langlois  and  Richet:  C.  r.  Ac. 

402.     Eversbusch:    Miinch.    med.  sc,   1888,  cvi.,   1616.     Zutz:  Arch. 

Wchnschr.,  1885,  xxxii.,  14.     Javal:  f.  exp.  P.  u.  P.,  1897,  xxxviii.,  417. 

iiull.  Ac.  m^d.,  Paris,    1886,    2   s.,  Harnack    and    Schwegmann:    Ihid., 

XV.,    531.     Calhoun:     Atlanta     M.  1898,  xl.,  151. 
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of  tingling,  prickling,  or  numbness  of  the  hands  and  feet.  There 
is  an  early  inclination  to  vomit,  which  later  develops  into  ex- 
treme nausea  with  eructations,  although  actual  vomiting  rarely 
occurs  until  after  administration  of  brandy,  which  frequently 
provokes  it.  There  are  cramps,  or  a  burning  pain  in  the  stomach. 
Attacks  of  giddiness,  with  loss  of  power  in  the  legs,  staggering, 
and  a  disposition  to  faint  are  early  manifestations.  The 
speech  is  incoherent,  although  the  person  is  aware  of  what  is 
transpiring  around  him.  ^  There  are  spasmodic  contractions  and 
rigidity  of  the  fingers,  arms,  and  legs,  with  a  tendency  to  opisthot- 
onus, and  frequently  violent  tetanic  or  epileptiform  attacks. 
The  face  at  fii-st  is  usually  extremely  pallid,  and  the  forehead 
covered  with  profuse  perspiration,  although  in  several  instances 
there  has  been  marked  redness,  or  even  cyanosis  of  the  face  in 
the  early  stages.^  The  pupils  are  in  most  cases  dilated  and  in- 
sensible to  light.  In  some  instances,  however,  they  have  been 
of  normal  size  and  sensitive,^  in  others  unsymmetrically  dilated,^ 
or  contracted,'  or  contracted  at  first  and  afterward  dilated.^  The 
lids  are  widely  opened,  the  eyeballs  protruding,  and  there  are 
disturbances  of  vision,  paralysis  of  accommodation,  and  even 
complete  amaurosis.  The  pulse  is  at  first  rapid,  feeble,  and 
frequently  hardly  perceptible  at  the  wrist,  although  the  carotids 
may  pulsate  strongly,  and  the  heart's  action  is  tumultuous, 
bounding  and  thumping,  with  severe  palpitation  and  pain  in  the 
cardiac  region.  The  respiration  is  short,  convulsive,  gasping, 
panting,  or  Cheyne-Stokes.''  There  are  severe  pain  and  a  burst- 
ing sensation  in  the  head.  The  patient  rapidly  becomes  pros- 
trated, suffers  short  periods  of  collapse  and  unconsciousness,  or 
may  become  deeply  comatose.  The  surface  is  cold,  there  are 
attacks  of  shivering,  coldness,  and  copious  general  perspiration. 
In  exceptional  instances,  however,  ths  skin  is  dry.*     In  the  later 

'  For  a  good  account  of  the  sensa-  *  R  i  c  c  i :      Deut.     med.     Wchn- 

tions  see  Way:  Med.  News,  Phila.,  schr.,  1887,  xiii.,  894;  administered 

1887,  I.,  486.  hypodermically  in  the  leg.   Thomas: 

2  Ashworth:     Lancet,     1889,     i.,  Med.  Age,  1887,  v.,  129. 
273.     Baker:  Am.  J.  Ophth.,  1893,  =  Spear:  Med.  Rec,  N.  Y.,  1885, 

X.,   342.     BuUock:   Boston   M,   and  xxviii.,  536. 

S.   J.,   1887,  cxvi.,   575.     Blodgett:  « Mannheim:    Berl.   kl.  Wchn- 

Ibid.,    1S87,    oxvii.,    282.     Wagner:  schr.,  1886,  xxiii.,  583. 
Centlb.  f.  Nervenhlk.,  18S7,  X.,  518.  '  Mayerhausen  :    Wien.    med' 

'  Asliworth:  Loc.  cit.     Heymann:  Presse,  1885,  xxvi.,  707. 
Berl.     kl.    Wchnschr.,    1S85,    xxii.,  *Finlay:  Austral.  M.  Gaz.,  1887- 

795.      Beck:     Deut.     med.     Wchn-  88,  vii.,  249.     Knocke:  Kansas  City 

schr.,  1886,  xii.,  92.  Med.  Rec.,  1886,  iii.,  400. 
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stages  the  surface  becomes  cyanosed,  the  heart's  action  irreguhir, 
the  pulse  slow,  weak,  intermittent,  and  imperceptible,  and  the 
respiration  slow,  shallow,  irregular,  and  tending  to  arrest.  An- 
uria, persisting  for  24  hours,  was  observed  in  one  case'  and  glyco- 
suria during  four  days  in  another.^  Frequently  when  the  symp- 
toms have  ameliorated  they  return  with  marked  severity  on 
moving  the  patient.  Recovery  is  usually  rapid  and  complete, 
although  in  some  cases  great  muscular  weakness,  prostration, 
and  inability  to  perform  certain  acts  persist  for  several  weeks  or 
longer.' 

Fatal  Cases. — The  small  number  of  fatal  cases  in  which 
the  symptoms  have  been  reported  are  divisible  into  two  groups: 
Those  in  which  death  has  been  caused  rapidly,  within  a  few 
minutes,  and  those  in  which  the  patient  has  survived  a  few 
hours.  In  Knabe's  case  (3)*  the  girl  took  a  deep  breath  in  less 
than  forty  seconds,  turned  deathly  pale,  .dropped  unconscious, 
and  was  dead  one  minute  later.  In  a  case  of  subgingival  in- 
jection (11)  the  patient  became  motionless  and  soon  died.  In 
the  case  referred  to  by  Reclus  (20)  the  patient,  who  was  suffer- 
ing from  cardiac  disease  and  angina  pectoris,  and  had  sudden 
suppression  of  urine,  became  pale  immediately  after  the  injec- 
tion, was  seized  with  nausea  and  trembling,  the  face  became 
livid,  and  he  died  in  a  few  minutes  in  an  attack  of  syncope.  In 
'  Baker's  case  (16)  the  girl  died  of  failure  of  respiration  in  a  few 
minutes  in  spite  of  active  treatment.*  In  less  rapidly  fatal 
cases  the  symptomatology  is  that  of  non-fatal  cases,  death  oc- 
curring either  from  failure  of  respiration  or  of  the  heart's  action.  ■ 

Elimination. — Only  a  small  fraction  of  cocain  administered 
in  large  doses  by  the  alimentary  canal  or  hypodermically  is 
eliminated  by  the  urine. ^  Wiechowski^  recovered  only  5.1  per 
cent,  of  the  administered  dose  from  the  urine  of  dogs,  and  none 
from  that  of  rabbits,  even  after  gram  doses.     Cocain  is  rapidly 

'Plass:  Ztschr.  f.  M.,  Ch.,  u.  Geb.,  ■■  The  numbers  refer  to  the  list  of 

1863,  n.  F.  ii.,  222.    Also   Bignon:  cases  above. 

Bull. gfe.deth^r., 1886,  oxi.,  1?1.  *  See   also:    Gwyers  and  Zambi- 

'  Wohlgemuth  and  Bohne:  Deut.  anchi's  cases  above, 

med.  Wchnschr.,  1904,  xxx.,  370.  °  Helmsing:   Diss.  Dorpat.,  1886. 

Fox:  Brit.  M.  Jour.,  1888,  i.,  349.  Dragendorff:  "Ermit.  d.  Gifte,"  3  te 

Ailham:  Lancet,  1887,  i.,  17.    Hallo-  Aufl.,  p.  215. 

Peau:  Bull.  g^n.  de  th^rap.,    1891,  '  Arch.  f.  exp.  P.  u.  P.,  1901,  xlvi., 

cxx.,  481.    Ingraham:   Med.  News,  155. 
1896,  Ixviii.,   203.     Nason:   Practi- 
tioner, 1906,  n.  s.,  xxiv.,  687. 
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decomposed  in  the  economy.  After  half  an  hour  only  two  per 
cent,  of  an  injected  dose  is  recoverable  from  the  hver."  If  a 
lethal  dose  be  incarcerated  in  an  extremity  by  an  Esmarch  ban- 
dage and  admitted  to  the  circulation  after  40  to  45  minutes  no  toxic 
effects  are  produced.  =  The  flesh  of  rabbits  killed  by  cocain  (0.75 
gm.)  does  not  cause  poisoning  in  dogs  to  which  it  is  fed.'  This 
decomposition  occurs  not  only  during  life,  but  also  proceeds 
rapidly  after  death.  In  rabbits  killed  by  cocain  (0.28  gm.  p/K) 
it  was  not  detectable  in  the  vitreous  humor,  brain,  liver,  or  kid- 
neys, and  only  in  traces  in  the  heart  and  blood,  48  hours  after 
death,  and  not  there  after  three  days.*  Nor  is  it  detectable 
in  the  alimentary  canal  after  the  administration  of  small  doses. ^ 
In  Lacassagne  and  Roland's  case  of  death  in  three-fourths  hour 
after  injection  of  cocain  into  the  tunica  vaginalis,  Florence  failed 
to  detect  the  alkaloid  in  the  highly  putrid  parts."  Proels  states 
that  it  is  not  detectable  after  14  days.'  Wiechowski,  however, 
by  his  method,'  recovered  eighty  per  cent,  four  hours  after  admix- 
ture with  muscle  and  liver  pulp.  There  is  no  satisfactory  evidence 
that  ecgonin,  the  most  abundant  of  the  products  of  hydrolysis 
of  cocain,  is  eliminated  by  the  urine.  The  isolation  of  that  sub- 
stance is  attended  with  great  difficulty  as  it  does  not  pass  from 
either  acid  or  alkaline  aqueous  solution  into  the  usual  immis- 
cible solvents.® 

Treatment. — Removal  of  unabsorbed  cocain  will  be  rarely 
possible.  If,  however,  it  have  been  administered  by  the  stom- 
ach or  rectum,  these  should  be  washed  out  as  expeditiously  as 
possible.  The  tendency  to  collapse  may  be  combated  by  in- 
halation of  amyl  nitrite  and  hypodermics  of  ether.  The  internal 
administration  of  alcoholic  stimulants  is  also  indicated  for  the 
same  object.  For  the  control  of  spasms  chloroform  or  ether  by 
inhalation,  and  chloral  hydrate  internally  may  be  resorted  to, 
and  artificial  respiration  and  inhalation  of  pure  oxygen  to  supple- 
ment failure  of  that  function. 

Post-mortem  Appearances. — In  the  few  autopsies  after 
death  from  cocain  marked  hyperaemia  of  the  liver,  spleen,  kid- 

■  Wiechowski:  Loc.  ciz.  'Arch,    d'anthrop.    crim.,    1905, 

=  Kohlhardt:    Arcli.    f.    kl.    Cliir.,  .xx.,  1. 

1902,  Ixiv.,  927.  '  Apoth.  Ztg.,  1901,  xvi.,  779, 

"  Fischer:  Diss.,  Bern,  1903.  »  Loc.  cit.,  see  p.  907. 

'  Mussi:  L'Orosi,  1SS8,  xi.,  270.  '  Glasenap:    Diss.,    St.    Petersb., 

=  Sonnie-Moret:   J.   de   pharm.   et  1894.     Wiechowski:  Loc.  c;'?.  Vitali: 

de  chim.,  1S!):1  r,  s.,  xxviii.,  390.  L'Orosi,  1891,xiv.,  1.  Froeh:  Loc. cU. 
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neys,  lungs,  and  particularly  of  the  brain  and  cord,  have  been 
uniformly  observed,  and  also  injection  and  ecchymoses  of  the 
gastric  mucous  membrane.^ 

Detection. — Cocain  is  extracted  from  ammoniac  al  aqueous 
liquids  by  petroleum  ether  or,  better,  by  benzene,  and  is  conse- 
quently to  be  sought  for  in  residues  V.  and  VI.  (pp.  162,  163). 

When  cocain  alone  is  to  be  sought  for  and  determined  quan- 
titatively, the  method  of  Wiechowski^  is  to  be  recommended. 
The  hashed  organs  or  residue  of  evaporation  of  the  urine  or  faeces 
is  extracted  with  alcohol,  the  alcohol  distilled  off  in  vacuo,  the 
residue  dissolved  in  water,  the  solution  precipitated  with  lead 
acetate,  and  filtered  and  measured.  The  filtrate  is  treated  with 
hydrogen  sulfid,  again  filtered,  and  the  excess  of  hydrogen  sulfid 
expelled  by  a  current  of  air.  An  aliquot  part  of  the  liquid,  after 
concentration  in  vacuo,  is  alkalized  with  monosodic  carbonate 
and  shaken  out  with  benzene.  The  extract  is  evaporated  in 
vacuo,  the  residue  taken  up  with  water  acidulated  with  sul- 
furic acid,  and  the  solution  shaken  out  with  chloroform,  after 
having  been  alkalized  with  monosodic  carbonate.  The  residue  of 
evaporation  of  the  chloroform  solutions  is  dissolved  in  30  c.c. 
of  N/20  hydrochloric  acid,  precipitated  with  Mayer's  reagent,^ 
and  the  filtrate  made  up  to  100  c.c,  of  which  50  c.c.  is  titrated 
according  to  Gordin.^  The  alkaloid  may  be  recovered  from  the 
Mayer  precipitate  for  the  application  of  the  identifying  reactions.' 

The  reactions  of  cocain  are  not  as  yet  satisfactorily  charac- 
teristic. Moreover,  the  decomposition  which  cocain  undergoes 
both  during  life  and  after  death*'  renders  its  detection  in  the  ca- 
daver problematical  except  in  cases  in  which  very  large  doses 
have  been  taken,  and  death  has  followed  promptly,  and  the 
analysis  made  soon  thereafter. 

1.  Probably  the  most  characteristic  reaction  is  its  physio- 
logical action  in  producing  local  anaesthesia  at  the  point  of  ap- 
plication. This  may  be  tested  either  by  evaporating  the  solu- 
tion upon  a  strip  of  filter-paper,  which  is  then  placed  upon  the 

'  Montalti:  Sperimentali,  Firenze,  Lancet,     1895,     ii.,     1104.     Bour: 

1888,  Ixii.,  294.    Fagerlund:   Vrtl-  These,  Paris,  1901. 
jschr  f.  ger.  Med.,  1894,  3  R.,  viii.,  ^  Arch.    f.    exp.   P.    u.   P.,    1901, 

^upplhft.,  98.    Simes:  Med.  News,  xlvi.,  155. 
™a.,     1888,     liii.,     70.      Berger:  =  See  p.  167. 

isn  •  ^'  ™^"^-  ^°<'-  d-  chir.,  Paris,  *  See  p.  181. 

i»«l,  n.   s.,   xvii.,    751.     Garland:  '^  See  p.  167. 

"See  p.  905. 
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tongue  (previously  rinsed  clean),  and  after  a  minute  or  two 
testing  the  sensibility  with  a  needle;  or  by  applying  the  neu- 
tral solution  to  the  eye  of  a  cat,  and 'examining  the  cornea  for 
sensibility  and  noting  the  effect  upon  the  pupil. 

2.  Giesel's  Reaction.^ — A  solution  of  potassium  perman- 
ganate produces  in  solutions  of  pure  cocaium  chlorid  a  fine 
bright-violet,  crystalline  precipitate  of  cocaium  permanganate, 
in  rhombic  plates,  frequently  arranged  in  rosettes.  The  pres- 
ence of  impurities  interferes  with  the  reaction. 

3.  Greitherr's  Reaction.^ — Add  2-3  c.c.  chlorin  water  to  a 
solution  of  cocain  and  then  two  to  three  drops  of  a  five-per- 
cent, solution  of  palladious  chlorid:  a  fine  red  precipitate  is 
produced  which  is  gradually  decomposed  by  water,  is  insoluble 
in  alcohol  and  in  ether,  but  soluble  in  sodium  thiosulfate  solu- 
tion. Other  alkaloids  do  not  give  the  reaction,  which,  however, 
lacks  in  sensitiveness. 

4.  Metzger's  Reaction.^ — On  addition  of  a  five-per-cent. 
solution  of  chromic  acid  to  an  aqueous  solution  of  cocaium 
chlorid  a  distinct  precipitate  is  formed  with  each  drop,  which 
immediately  redissolves.  On  the  addition  of  concentrated 
hydrochloric  acid  a  permanent  orange-colored  precipitate  is 
formed. 

5.  Vitali's  Reaction.^ — If  a  minute  quantity  (0.00005  gm.) 
of  cocain  or  of  its  hydrochlorid  be  moistened  with  sulfuric  acid, 
and  a  fragment  of  iodic  acid,  or  of  potassium  or  sodium  iodate  be 
added  after  solution,  and  the  mixture  warmed  over  the  water- 
bath,  light  green  streaks  of  color  are  produced,  which  change  to 
dark  green  and  then  to  deep  blue.  On  stronger  heating  the 
liquid  becomes  violet  and  gives  off  violet  vapors. 

We  have  failed  to  obtain  this  reaction  by  proceeding  as  di- 
rected above.  But  if  the  cocain  salt  be  moistened  with  concen- 
trated sulfuric  acid,  heated  over  the  flame  until  abundant  white 
fumes  are  given  off,  and  potassium  iodate  added  to  the  hot, 
still  fuming  Hquid,  vapor  of  iodin  is  given  off  in  abundance, 
and  the  liquid  is  colored  red-violet,  then  brilliant  green,  pass- 
ing to  pink,  which  appears  in  streaks,  and  finally,  as  the  hquid 
cools,  it  becomes  pure  blue-violet.     On  again  heating  the  violet 

■Pharm.   Ztg.,    1886,   xxxi.,    132;  *  L'Orosi,    1891,    ex   Ph.    Jahrb., 

Ztsch.  f.  an.  Chem.,  1908,  xlvii.,  447.  1891,  527.     Vitali:  "Man.  di  Chim. 

2  Ibid.,  1889,  xxxiv.,  617.  Tox.,"  Milan,  1893,  p.  405. 
^  Pharm.  Ztg.,  1889,  xxxiv.,  697. 
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passes  to  pale  salmon-color,  becoming  darker  on  further  heat- 
ing, with  violet-gray  streaks  as  the  acid  evaporates.  With 
benzoic  acid  very  similar  appearances  are  produced.  With 
pilocarpin  a  bright  green  color  is  produced  at  first,  passing  to 
olive-green,  and  then  to  bright  red.  There  is  no  red-violet  or 
blue-violet  quaUty  to  the  liquid.  With  atropin  the  liquid  turns 
brown  when  heated  with  sulfuric  acid  alone,  and  on  addition 
of  the  iodate  becomes  brilliant  green,  changing  rapidly  to  red 
and  violet  streaks,  which  soon  disappear.  With  thebain  a  bright 
reddish-orange  color  is  produced  by  cold  sulfuric  acid.  On 
heating,  the  color  changes  through  light  yellow  to  black,  and 
on  addition  of  the  iodate  green  streaks  appear  through  the  black, 
which  is  then  discharged  to  pale  yellow.  With  chelidonin  a 
black  color  is  produced  on  heating  with  the  acid  alone,  which  on 
addition  of  the  iodate  changes  to  light  mahogany.  On  reheating 
a  green  color  appears,  fading  to  greenish-yellow. 

6.  Schell's  Reaction^ — If  cocaium  chlorid  be  mixed  dry 
with  calomel  the  mixture  on  slight  moistening  with  water  (by 
breathing  upon  it)  or  with  alcohol  becomes  blackened.  The 
reaction  is  not  produced  by  the  free  alkaloid.  It  is  also  pro- 
duced more  intensely  by  pilocarpin. 

7.  Lerch  and  Scharge's  Reaction.^ — Add  a  drop  of  a  solu- 
tion of  ferric  chlorid  to  a  solution  of  the  cocain  salt;  a  yellow 
solution  is  formed  which  turns  orange  and  red  on  heating. 

8.  Bid's  Reaction.^ — If  a  test-tube  containing  a  solution  of 
cocain  in  concentrated  sulfuric  acid  be  immersed  in  boiling 
water  for  one  or  two  minutes,  and  the  solution  diluted  with 
three  volumes  of  water  after  cooling,  crystals  of  benzoic  acid 
separate  and  the  odor  of  the  acid  is  given  off. 

9.  Da  Silva's  Reaction^  is  the  Vitali  test  for  atropin:  the 
material  is  moistened  with  fuming  nitric  acid,  the  solution 
evaporated  to  dryness  on  the  water-bath,  and  the  residue 
cooled  and  moistened  with  alcoholic  potash;  a  peculiar  odor, 
resembling  that  of  peppermint,  is  given  off,  but  no  red  color  is 
produced.  Vitali^  states  that  a  violet  color  is  produced  if  the 
capsule  be  again  heated  on  the  water-bath  after  addition  of  the 

'Pli-  Ztg.,  1891,  xxxiv.,  55.  =  Ph.  Ztg.,  1886,  xxxi.,  132. 

Arch.  f.  Pharm.,  1889,  994:  Ph.  *  J.  d.  ph.  et  de  chim.,  1890,  5  s., 

Jbt    1889,  401.     We  have  not  ob-  xxii.,  345. 

tamed  satisfactory  results  with  this  '  "Man.  di  Chim.  Tox.,"  p.  405. 

reaction. 
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alcoholic  potash  to  the  cooled  residue.  Both  the  Da  Silva 
reaction  and  Vitali's  modification  have  failed  in  our  hands  with 
the  pure  cocain  salt. 

10.  Reichard's  Reaction^. — Solid  cocain  hydrochlorid  is  col- 
ored pale  blue  when  moistened  with  a  concentrated  solution  of 
cobaltous  nitrate.  The  color  is  discharged  by  sulfuric  acid, 
alkalies  or  alcohol. 

Most  of  these  chemical  reactions  are  produced  by-  benzoic 
■  acid,  liberated  by  the  decomposition  of  cocain. 

11.  Solutions  of  cocaium  chlorid  produce  crystalHne  precipi- 
tates with  platinic  chlorid,  auric  chlorid,  and  picric  acid.  The 
platinochlorid  crystallizes  in  peculiar  T-shaped  crystals,^  the 
chloraurate  in  fern-like  groups. 

Chronic  Poisoning — Cocainophagia. — The  cocain  habit, 
which  bids  fair  to  equal  morphin  addiction  in  the  number  of 
its  victims,  while  of  great  hygienic  importance  and  of  forensic 
interest  in  relation  to  the  mental  condition  of  the  cocain  habitues, 
does  not  properly  come  within  the  limits  of  forensic  toxicology. 
We  therefore  content  ourselves  with  referring  to  a  few  of  the 
more  important  articles  upon  the  subject.^  The  wide  prevalence 
of  cocain  addiction  has  led  to  the  stringent  regulation  of  the  sale 
of  cocain  and  the  eucains  in  New  York.* 

OOLCHIOIN— COLOHICUM. 

Two  alkaloids  have  been  obtained  from  Colchicum  autum- 
nale  (meadow  saffron) : 

CoLCHicEiN — CjiHjaNOg  —  which  cr^'stallizes  in  needles, 
difficultly  soluble  in  cold  water,  but  readily  soluble  in  alcohol, 
chloroform,  benzene,  and  amylic  alcohol.  It  is  feebly  acid  and 
also  basic.     According  to  Paschkis,^  colchicein  is  almost  inert. 

CoLCHiciN — C2iH22NOg,CH3 — is  the  methyl  ester  of  colchi- 
cein, and  is  usually  amorphous,  but  may  be  obtained  in  pris- 

>Pharm.  Centrh.,  1904,  xlv.,  645;  Bauer:    Med.    and    Surg.    Reptr., 

Pharm.  Ztg.,  1906,  li.,  168.  Phila.,     1885,    liii.,    365.     Heiman: 

2  Vadam:  Ztschr.  f.  an.  Ch.,  1908,  Deut.   med.   Wchnschr.,   1889,  xv., 

xlvn.,  448.  232.     Mattison:    Quart.    J.    Inebr., 

'  Erlenmeyer,    in    Penzoldt    and  1888,  x.,  57. 

Stmtzing's    "Handb.     d.     spec.  "Seep. 61. 

Therap.,"    1895,    ii.,    367,    and   the  =  Med.   Jahrb.,   Wien,   1883,  257; 

hterature  there  referred  to.     Krebs:  1888,     569.     See     also:    Ferrer    y 

"Ein    Fall    von    reinem    Cocainis-  Leon:  Univ.  M.  Mag.,  1889,  i.,  551, 

mus,"       Diss.,       Konigsb.,       1892.  605. 
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matic  crystals.'  It  is  faintly  basic  in  character,  and  is  decom- 
posed by  hot  acids  into  colchicein  and  a  yellowish-green  resin. 
It  is  soluble  in  the  solvents  of  colchicein  and  is  also  soluble  in 
all  proportions  in  water.  Petroleum  ether  not  only  does  not 
dissolve  it  but  precipitates  it  from  its  chloroform  solution. 

Statistics,  Prognosis,  Duration. — We  find  record  of  nine 
serious  poisonings  by  colchicin,  of  which  seven  were  fatal.  In 
one  a  woman  of  forty-three  years  received  1.2  gm.  (18^  grains) 
dispensed  in  mistake  for  cotoin,  and  died  from  its  effects  in  31 
hours. ^  A  young  woman  died  in  33  hours  from  the  effects  of 
0.0104  gm.  (l  grain,  Russian)  administered  in  mistake  for  cocain 
in  consequence  of  a  pharmacist's  error.''  Three  women  of  about 
30  years  in  a  Cracow  hospital  received  each  a  hypodermic  injec- 
tion of  0.003  gm.  (ca.  ^ts  gr.)  of  colchicin  in  the  treatment  of  osteo- 
malacia. They  died  in  12,  21,  and  26  hours.*  A  man  of  43 
took  0.003  gm.  in  J  mgm.  capsules  within  an  hour  through  mistake 
of  directions,  and  died  in  10  days.^  A  man  in  excellent  physical 
condition,  save  for  gout  in  the  small  joints,  received  four  hypoder- 
mic injections  of  -j-j-j^  gr.  each  at  intervals  of  15  minutes  (^V  gr.  = 
0.0026  gm.  in  all).  After  the  third  he  showed  signs  of  weakness; 
after  the  fourth  he  became  very  weak,  vomited  during  the  night, 
and  died  in  collapse  24  hours  after  the  last  dose."  A  girl  of  20 
years  received  0.045  gm.  (0.7  gr.)  of  colchicin,  and  recovered 
from  its  effects.'  A  singular  case  of  delayed  colchicin  poisoning 
was  that  of  a  man  of  30  years,  subject  to  gout,  who,  in  place  of 
taking  the  alkaloid  (Duquesnel's)  as  directed,  in  mgm.  doses,  to 
abort  or  cure  an  attack,  took  4  to  6  mgm.  daily  for  a  period  of 
several  months  to  render  himself  immune.  Beyond  8  to  10 
abundant  stools  daily,  he  suffered  no  inconvenience,  and  had  no 
gout,  although  he  lived  "high."  But  finally  he  came  down 
with  a  violent  attack  of  colchicin  poisoning,  with  30  to  40  stools 
a  day.  Under  treatment,  with  deprivation  of  colchicin,  he 
recovered  from  the  poisoning,  but  suffered  severely  from  gout  in 

'Laborde  and  Hond6:    "Le  col-  =  Courtois-SufEt     and     Trastour: 

chique  et  la  colchicine,"  Paris,  1887.  Bull,  et  m^m.  Soc.  m6d.  d.  hop.  de 

'Albertoni  and   Casali:    Boll.   d.  Paris,  1903,  3  s.,  xx.,  254.     See  p. 

sc-  med.  d.  Bologna,  1890,  9  s.,  i.,  915. 

M.    Sprega:   Gazz.   d.    osp.,    1890,  "Case     communicated     by    Dr. 

'^■'  626.  Warren  Coleman,  1903. 

'VonMaydell:  St.  Petersb.  med.  'Keller:     Ber.   .    .    .   Rudolph 

Wchnschr.,  1881,  vi.,  166.  Stift.,  Wien,  (1867),  1866,  227. 
..  Klin.-ther.     Wchnschr.,     1900, 
vu.,  407. 
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every  joint  for  several  weeks.'  Laborde  and  Hond6^  report  4 
not  severe  accidental  poisonings  from  0.01  gm.  or  less.  In  a 
French  case  colchicin  was  alleged  to  have  been  given  with  homi- 
cidal intent.^ 

In  other  colchicum  poisonings  some  part  of  the  plant  itself, 
or  one  of  its  medicinal  preparations,  was  taken.  Thus  the  leaves 
have  been  eaten  in  mistake  in  a  salad,*  or  cooked,^  or  macerated  in 
whisky,'  and  in  several  instances  the  capsules  or  seeds  have  been 
eaten  by  children  with  fatal  results.  Ratti'  attributed  the  cause 
of  an  epidemic  of  gastro-intestinal  irritation  in  a  district  in  Rome 
to  the  use  of  the  milk  of  goats  whose  pasture  contained  notable 
quantities  of  colchicum,  along  with  other  poisonous  plants,  and 
he  extracted  a  yellow  material  which  gave  the  reactions  of 
colchicin  from  the  milk  and  from  the  vomit  of  patients.  Bot- 
ternx^  has  given  an  account  of  the  non-fatal  poisoning  of  five 
persons  by  beer.  The  symptoms  were  those  of  colchicin  poison- 
ing and  the  reactions  of  that  alkaloid  were  obtained  with  an 
extract  from  the  remaining  beer.  He  refers  to  a  similar  poi- 
soning reported  by  Warncke.^  Dannenberg,  has,  however, 
shown  that  a  substance  may  be  extracted  by  the  Stas  or  Dragen- 
dorff  methods  from  normal  beer,  which  gives  the  colchicin 
reactions,  but  which  may  be  separated  from  that  alkaloid  by 
the  process  of  purification  described  below.'" 

The  form  in  which  the  poison  was  taken  in  most  of  the  cases 
was  either  the  wine  of  colchicum  (that  from  the  seeds  or  that 
from  the  root  or  bulb)  or  the  tincture  (in  a  few  instances  made 
from  the  flowers),  swallowed  in  mistake  for  wine  or  spirits,  or 
taken  in  mistake  or  overdose  as  medicine.  Several  proprietary 
gout  remedies  contain  colchicum,"  and  an  accidental  death  from 
"Laville"'^  is  included  among  the  poisonings  reported  by  the 

'  Mabille:   Bull.  g^n.  de  thiSrap.,  »  See  also  v.  Gelder:  Deut.  Klin., 

1902,  exliii.,  312.  1875,     xxvii.,     92,    and    Jundzitt: 

^  C.    rend.    soc.    de    biol.,    Paris,  "  Ermittelung  einiger  Bitterstoffe  in 

1885,  8  s.,  ii.,  66.  Bier,"  Diss.,  Dorpat,  1873,  44. 

^Affaire  R ,  see  p.  920.  i"  See  Pharm.  Jahresb.,  1875,  484; 

'Tartarin:    Gaz.    d.    hop.,    1881,  1876,  633;  1877,  560. 

liv.,  427.                                            •  "See   Hahn.  and  Holfert:   "Spe- 

=  Bleifus:    Med.    cor.    Bl.   Wiirt.  cialitaten    u.    Geheimmittel,"    Ber- 

aerztl.  Ver.,  1839,  ix.,  409.  lin,  1893,  Nos.  662,  668,  670,  671, 

°  Benedict:    Internal.    M.    Mag.,  677,  686,  687,  703. 

1898,  vii.,  514.  12  According  to  Hahn  and  Holfert 

'  Ph.  J.  and  Tr.,  1875,  3  s.,  vi.,  47.  (op.    cit.,    No.    697),    the    original 

»Hosp.  Tid.,  Kj0benh.,    1874,   2  French  "Laville"  does  not  contam 

R.,  i.,  161.  colchicum. 
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New  York  City  Board  of  Health  in  1877.'  Kornalewsky^  reported 
the  death  of  a  man  from  a  similar  German  proprietary  medicine. 
Two  cases  of  poisoning  by  "  Blair's  pills"  have  been  reported, 
one  that  of  a  man  who  died  in  11  days  after  having  taken  the 
last  of  28  pills,  containing  0 .  039  gm.  (f  gr.)  of  colchicin  during 
4^  days;^  the  other  was  a  non-fatal  poisoning.' 

We  have  collated  the  reports  of  132  colchicum  poisonings. 
Of  these  the  great  majority  (118)  were  accidental,  6  were  sui- 
cidal, and  5  homicidal.  In  one  instance  a  woman  took  an  in- 
fusion of  colchicum  to  induce  abortion.  She  miscarried  the 
next  day  and  died  a  few  hours  afterward.^  One  death  from 
colchicin  was  due  to  gross  negligence  on  the  part  of  a  phar- 
macist;*  another  was  caused  by  the  administration  of  colchicum 
by  an  empiric;'  2  fatal  poisonings  were  the  subject  of  the  prose- 
cution of  a  physician  for  homicide  by  negligence  in  Alsace;** 
and  the  method  of  administration  of  the  seeds  to  2  children 
who  died  therefrom  remained  undetermined."  Of  the  6  attempts 
at  suicide  2  were  unsuccessful.'"  Two  of  the  fatal  suicides  were 
those  of  two  sisters  who  destroyed  themselves,  one  about  a  year 
after  the  other,  with  wine  of  colchicum  used  as  a  medicine  by 
their  adoptive  father." 

None  of  the  5  cases  of  alleged  homicide  by  colchicum  was 
demonstrated  to  be  such  by  expert  evidence  which  would  be 
satisfactory  at  the  present  time.  The  earliest  was  a  French 
case  in  1832  in  which  a  man  attempted  to  poison  his  wife,  but, 
by  chance,  the  poisoned  food  was  given  to  a  visitor,  who  died 


'Five    accidental     deatiis     from  "Porter    and   Tidy:    Med.   Timt's 

"colchicum"   are   also   included   in  and  Gaz.,  1874,  ii.,  723. 
the  reports  for  1871-77.  '"Fifield:    Extr.   Rec.   Soc.   Med. 

*Ztschr.   f.   Med.-Beamte,    1898,  Impr.,  Boston,  1859,  iii.,  70.     Hen- 

X1-,  605.  derson:    London   Med.    Gaz.,    1839, 

'  Budd:  Lancet,  1881,  i.,  368.  n.  s.,  ii.  [o.  s.,  xxiv.],  763. 

'Davies:   Brit.   M.   J.,    1903,   ii.,  "  Ollivier:    Arch.    g^n.   de  m^d., 

1272.  1836,    2   s.,   xi.,   429;   Ann.   d'hyg., 

'Dillon,  quoted  by  Beck:  "Med.  etc.,     1836,     xvi.,     394.     Coffe:  J. 

Jut.,"  12th  ed.,ii.,  891.  hebd.   de   progr.    mM.,   etc.,    1835, 

Jv.  Maydell:  Loc.  cii.  iv.,  49.     The  journal  in  which  the 

Reg.   V.   Markuss:    Med.    Times  other  two  suicides  are  reported  is 

and  Gaz.,   1864,  ;.,   288.     The   de-  inaccessible  to  us.     Schmid:  "Zwei 

teadant  was  acquitted.  Selbstvergiftungen    mit    todtlichem 

1007    "^^^       Flocken,     Strasburg,  Ausgang    durch    Herbstzeitlosensa- 

i»«7.    Epagnon    D^zille:       Th^se,  men,"  Schweiz.  Ztschr.  f.  Med.,  Ch. 

^aris,  1889  (No.  248),   38.   "Neue  u.  Geb.,  1846,  ii.,  327. 
P'taval,"  1890,  n.  s.,  xxiiL 
IV.-58 
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in  three  day.s  from  its  effects.'  Albert^  has  reported  an  in- 
stance in  which  a  woman  died  from  the  effects  of  colchicum 
seeds  which  another  woman  had  induced  her  to  take  on  the  pre- 
tence that  they  would  cure  her  of  a  dropsy,  but  with  the  intent 
apparently  of  causing  her  death.  Taylor  refers  to  the  case 
of  Reg.  V.  Wilson,  also  in  1862,  in  which  it  appears  probable 
that  at  least  one  of  the  woman's  victims  was  destroyed  by 
colchicum.^  Hecker*  has  published  a  review  of  the  evidence 
in  the  case  of  a  man  who  was  found  dying  from  a  wound  in  the 
throat,  and  who,  it  was  alleged,  had  also  been  poisoned  by 
colchicum,  and  concludes  that  the  evidence  of  poisoning  was 
not  satisfactory.  A  somewhat  similar  conclusion  was  reached 
after  a  careful  examination  in  a  more  recent  French  case  of 
alleged  poisoning  by  colchicin.^ 

The  prognosis,  so  far  as  can  be  judged  from  reported  cases, 
is  very  unfavorable.  Of  130  poisonings  97,  or  74.6  per  cent., 
were  fatal. 

In  58  of  78  fatal  cases  of  which  the  duration  is  reported, 
death  occurred  in  less  than  48  hours;  in  13  cases  in  from  2 
to  7  daj's,  and  in  7  after  illness  of  longer  duration.  In  one 
group  of  5  fatal  poisonings  the  deaths  occurred  in  from  19  to 
26  hours,'  and  in  another  of  17  cases,  7  of  which  were  fatal, 
in  from  19  to  29  hours.''  The  most  rapidly  fatal  case  was  one 
mentioned  by  Ta^dor,*  of  a  man  who  died  in  7  hours  from  the 
effects  of  an  ounce  and  a  half  of  the  wine.  In  some  instances 
the  fatal  termination  has  been  delayed  for  several  weeks.  Mc- 
Phaill"  has  reported  the  poisoning  of  3  soldiers  bj'  wine  of  col- 
chicum, 1  died  in  2  days,  but  the  other  2  survived  for  "  a  few 
weeks"  in  a  condition  resembling  that  of  chronic  dysentery. 
In  Schilling's  case^"  a  boy  of  6  years  died  in  50  days  after  having 
eaten  a  quantity  of  the  leaves  and  seeds. 

Lethal  Dose. — Sufficient  data  for  the  determination  of  the 

'  Chevallier:    ,J.    d.    chim.    med.,  ^  Roux:  Union  m6d.,  Paris,  1855, 

etc.,  1S32,  viii.,  351.  ix.,  145. 

=  Ztschr.    f.    Staatsarznk.,     1862,  ''  Major:    Med.    Times   and    Gaz., 

Ixxxiv.,  202.  1S74,  i.,  275. 

'    Pr.andPr.of  Med.Jur.,"3ded.,  «  "Pr.  and  Pr.  Med.  Jur.,"  3d  ed., 

i.,  341;  "Poisons,"  3d  Am.  ed.,  493.  i.,  340. 

'  Friedreich's     Bl.    f.    ger.     Med.,  "  Am.    Med.    Intelligencer,    1838, 

18()S,  xix.,  321.  ii,,  312. 

'  Brouardel   et   a.l.:   Ann.    d'livg.,  '°  Med.    Ann.,   Heidelberg,   1840, 

etc.,    1SS(5,   3  s.,   v.,   230.     See  also  vi.,  591. 
below,   'Detection." 
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minimum  lethal  dose  of  colchicin  are  still  lacking.  Death  has 
resulted  from  0.003  gm.  {ca.  ^V  gi"-)  administered  hypodermically 
in  four  cases.'  The  case  of  the  man  who  died  in  10  days  after 
having  taken  that  quantity  per  os^  must  be  considered  excep- 
tional in  view  of  the  fact  that  gouty  patients  frequently  take 
0.004  gm.  {ca.  iV  gr-)  in  three-fourths  hour  with  benefit.  The 
smallest  dose  of  the  wine  which  is  stated  to  have  caused  death 
is  three  and  a  half  drachms,  which  quantity,  given  medicinally 
in  divided  doses,  is  said  to  have  proved  fatal  on  the  fourth  day.' 

In  three  instances  persons  have  recovered  after  having  taken 
about  an  ounce  (30  c.c.)  of  the  tincture.^  A  woman  recovered 
from  the  effects  of  an  ounce  of  the  wine,  taken  during  twelve 
hours;*  and  a  man  from  the  effects  of  two  ounces  (60  c.c.)  of  a 
tincture -of  the  flowers.^ 

Symptoms. — The  symptoms  are  those  of  intense  gastro- 
enteritis, followed  by  collapse,  and  in  fatal  cases  death  from 
exhaustion.  In  Maydell's  case"  the  girl  experienced  burning  pain 
in  the  stomach,  and  nausea  in  fifteen  minutes  after  having  taken 
the  powder,  and  vomited  in  one  hour.  When  seen  by  Maydell, 
four  hours  after  the  ingestion,  she  was  vomiting  constantly,  purg- 
ing, suffered  severe  colicky  abdominal  pain,  and  great  thirst. 
The  skin  was  somewhat  anaesthetized,  and  the  urine  was  di- 
minished. She  soon  became  collapsed.  On  the  next  day  the 
pulse  was  filiform  and  the  heart's  action  very  faint.  On  the 
morning  of  the  second  day  she  was  unconscious,  cyanosed,  and 
pulseless.  Trismus  occurred  half  an  hour  before  death,  thirty- 
three  hours  after  the  poisoning.  In  the  case  reported  by 
Courtois-Suffit  and  Trastour^  the  colchicin  was  taken  on  Feb.  7th, 
and  the  patient  was  received  in  the  hospital  on  the  12th,  when  he 
was  greatly  depressed,  the  intellect  clear,  cold  extremities,  no 
abdominal  pain,  except  epigastric  tenderness  to  pressure,  trem- 
blings, temperature  normal,  arthritis  of  the  right  elbow,  which 
increased  during  the  following  days,  and  which  was  attributed  to 

'Seep.  911,  med.,    Paris,    1847-48,    xiii.,    1013; 

Mann:    Taylor,    "Poisons,"    3d  F.,  57,  A.     Warncke:  Loc.  cit.,  M., 

Am.  ed.,   492.     No   particulars   of  17,  A.  (32-40  gm.  =  .  056- .  068  col- 

tne  case  are  given,  however.     See  chicin). 

also  Jacob] :   Arch.  f.  exp.  Path.  u.  *  Kennard:    Am.    J.     Med.     Sc, 

To    ^'  xxvii.,  124.  1857,  n.  s.,  xxxiii.,  69. 

-j.'ienderson:  London  Med.  Gaz.,  ^  Kuhn:      Bull.  g^n.   de  th^rap., 

i'*'i9,   n.   s.,   ii.,   763;   P.,    33,    S.  1835,  ix.,  144. 

i-eroy   des    Barres:    Bull.    Ac.    de  "  Loc.  cit. 
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the  colchicin,  not  to  gout.  On  the  13th  and  14th  the  patient 
continued  to  pass  bloody  material  from  the  mouth,  and  stools 
containing  red  blood  from  rectal  ulcers.  Urine  abundant,  con- 
taining blood  and  albumin.  On  the  15th  the  depression  in- 
creased; patient  does  not  recognize  relatives;  ecchymotic  spots 
on  the  limbs;  muscular  masses  very  sensitive  to  pressure.  On 
the  16th  slight  improvement.  On  the  17th  worse,  violent  sin- 
gultus. Death  4  p.  m.  At  no  time  was  there  violent  headache 
or  abdominal  pain,  or  abundant,  foetid,  diarrhoeal  stools.  Authors 
believe  patient  would  liot  have  died  but  for  the  advanced  renal 
lesion  which  he  had. 

An  interval  of  from  three-quarters  of  an  hour  to  two  or  three 
hours  elapses  between  the  ingestion  and  the  first  active  symp- 
toms in  all '  cases  of  colchicum  or  colchicin  poisoning.  The 
cause  of  the  delay  is  attributed  by  Jacobj'  to  the  comparatively 
non-toxic  quality  of  colchicin  itself,  and  to  its  transformation 
in  the  system  into  a  colored  and  actively  toxic  product  of  oxi- 
dation, which  he  has  called  oxydicolchicin,  and  to  which  he 
assigns  the  formula  (C^zHjaNOgOj). 

A  burning  sensation  is  experienced  in  the  mouth  and  throat 
which,  as  well  as  the  tongue,  afterward  become  dry,  leathery  or 
parchment-like,  so  that  deglutition  becomes  difficult  or  impos- 
sible, and  thirst  is  intense.  Burning  epigastric  pain  is  also 
present  and,  later,  severe  abdominal  colic  and  pain  in  the  lum- 
bar region.  Nausea  and  retching  are  followed  by  vomiting, 
which  is  incessant,  and  is  soon  accompanied  by  purging  of 
watery,  rice-water  discharges,  containing  shreds  of  mucous  mem- 
brane and  frequently  blood,  passed  involuntarily  and  attended 
with  tenesmus.  The  pulse  is  small  and  irregular,  and  later  imper- 
ceptible. There  is  prsecordial  anxiety,  and  sometimes  attacks  of 
vertigo,  or  delirium.  The  patient  becomes  greatly  prostrated, 
cold,  cyanosed,  and  collapsed.  Toward  the  end  there  is  con- 
tinual jactitation,  with  more  or  less  violent  convulsions,  dilated 
pupils,  tetanic  spasms  of  the  arms  and  legs,  and  trismus.  The 
secretion  of  urine  is  diminished  and  the  elimination  of  the  poison 
is  slow,  so  that  the  repeated  administration  of  small  doses  may 
cause  poisoning  if  the  total  quantity  administered  be  sufficient.^ 

'  Loc.  cit.,  p.  129.  Mussy,  Buoquoy,  and  Moutard-Mar- 

'  Budd:    Lancet,     1881,    i.,    368  tin:  Bull,  et  m6m.  Soc.  de  thtop., 

(see,   however,    Gould:   Ibid.,   439).  1868,  ii.,  170. 

Mann's     case,     cited     above.      De 
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In  protracted  cases  remissions  of  the  symptoms  with  subse- 
quent sudden  and  violent  aggravation  occur.'  Or  the  first 
manifestations  of  violent  symptoms  are  succeeded  by  a  condi- 
tion resembling  that  of  chronic  dysentery  and  terminating  in 
death.^  In  Schilling's  case^  of  death  in  fifty  days  the  patient 
had  tetanic  convulsions  in  the  night  following'  the  taking  of  the 
poison  (seeds  and  leaves),  and  two  days  later  hemiplegia,  con- 
vulsions, and  constant  diuresis.  Glycosuria  began  twenty-four 
hours  after  the  ingestion  and  continued  until  death. 

Treatment. — The  slowness  of  the  action  of  this  poison  will 
afford  opportunity  for  the  prevention  of  its  effects  by  prompt 
treatment,  particularly  when  portions  of  the  plant  have  been 
taken  and  its  identity  is  known.  The  stomach  should  be 
washed  out,  as  well  as  the  large  intestine,  with  water  contain- 
ing tannic  acid  in  solution.  The  acid,  or  an  astringent  aqueous 
preparation  containing  it,  has  the  advantage  of  forming  a  pre- 
cipitate with  colchicin  which  is  insoluble  in  excess  of  the  pre- 
cipitant or  in  the  dilute  hydrochloric  acid  of  the  gastric  secre- 
tion. As,  however,  it  is  soluble  in  alcohol  (and  in  acetic  acid) 
an  astringent  tincture  should  not  be  used.  Moreover,  tannic 
acid  serves  to  control  the  dysenteric  symptoms,  for  which  pur- 
pose it  may  also  be  given  in  powder  by  the  mouth,  and  in 
enema  in  later  stages  of  the  poisoning.  Opium  is  indicated  to 
control  the  pain,  vomiting,  and  purging,  and  warm  mucilagin- 
ous drinks  to  stimulate  the  diminished  secretion  of  urine,  and 
thus  favor  elimination.  Warm  compresses  applied  to  the  abdo- 
men diminish  the  colic.  Hypodermics  of  stimulants  are  indi- 
cated in  the  stage  of  collapse;  and  artificial  respiration  may  be 
called  for  by  failure  of  that  function. 

Post-mortem  Appearances. — These  are  generally  nega- 
tive in  character,  except  more  or  less  inflammation  of  the  intes- 
tinal mucous  membrane,  and  sometimes  that  of  the  stomach. 
In  Ware's  case*  the  colon  was  swollen  and  inflamed  throughout, 
with  patches  of  lymph  upon  its  mucous  surface.  Hemorrhagic 
stains  have  been  observed  upon  the  surface  of  the  heart,  and 

'  Tartarin:  Loc.  cil  349.     Mairet  and  Combemale:  C.  r. 

^  McPhaill :  Loc.  «•«.  Ac.   sc,    1887,   civ.,  515.    Courtois- 

'Loc.cit.  Suffit  and  Trastour:   Bull,  et  m^m. 

'Extr.    Rec.    Soc.    Med.    Impr.,  Soc.   m6d.   d.   hop.  de  Paris,    1903, 

Boston,    1859,    iii.,    71.     See   also:  3  s.,  xx.,  254. 
fiutte:  Ann.  d'hyg.,  1886,  3  s.,  xv., 
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slight  effusions  in  the  heart  muscle.*  Casper  noted  a  dark 
2herry-red  and  thick  condition  of  the  blood  in  his  -four  cases. ^ 
[n  Neubrandt's  case'  the  pupils  were  found  widelj-  dilated 
twenty-three  hours  after  death,  but  in  Olivier's  two  cases^  they 
ivere  not  dilated  when  observed  five  and  forty-three  hours,  re- 
spectively, after  death. 

Analytical. — Colchicin  and  oxydicolchicin  are  extracted 
'rom  acid  aqueous  liquids  by  chloroform  and  by  amjdic  alcohol. 
When  the  search  is  particularly  directed  to  these  alkaloids  the 
icid  solution  should  be  extracted,  first  with  petroleum  ether  to 
remove  impurities,  and  then  repeatedly  with  chloroform.  The 
residue  is  usually  yellowish  and  amorphous.  It  may  be  purified 
Dy  solution  in  water,  filtration,  precipitation  of  the  alkaloid 
.vith  tannic  acid,  decomposition  of  the  washed  precipitate  by 
ead  oxid,  which  is  to  be  mixed  with  it,  and  the  mixture  boiled 
mth  dilute  alcohol,  filtered,  and  evaporated  to  recover  the  alka- 
oid.     Colchicein  is  extracted  from  acid  solutions  by  benzene. 

1.  The  behavior  of  colchicin  toward  general  reagents  is 
^iven  by  Dragendorff^  as  follows:  Tannic  acid  precipitates  0.2 
ngm.  in  solution  of  1  :  2500,  the  precipitate  being  readily  solu- 
ale  in  acetic  acid.  Auric  chlorid  precipitates  0 . 5  mgm.  1 :  1000. 
Platinic  chlorid  forms  no  precipitate  in  solution  1 :  55.°  lodin 
'.n  potassium  iodid  precipitates  1  :  2500.  Bismuth  potassium 
'.odid  and  phosphomolybdic  acid  precipitate  0. 15  mgm.  3  :  10,000. 
The  other  general  reagents  precipitate  only  veiy  concentrated 
)r  strongly  acid  solutions.  Chlorin  water  forms  a  j^ellow  pre- 
cipitate in  aqueous  solutions  of  colchicin,  which  forms  an  orange- 
colored  solution  with  ammonium  hydroxid. 

2.  Concentrated  sulfuric  acid  forms  a  yellow  solution  with 
colchicin  (0.05  mgm.).  On  addition  of  nitric  acid  or  sodium 
nitrate  to  the  solution  the  color  changes  to  green,  blue,  violet,' 
a,nd,  finally,  to  pale  yellow;  and  if  concentrated  potassium 
tiydroxid  solution  be  then  added  a  brick-red  color  is  produced, 
[f  the  addition  of  nitric  acid  or  of  niter  be  postponed  for  eigh- 

'  Mayer:  Med.  News.,  Phila.,  1S94,  Blumhardt    (see    Christison.    "Poi- 

xiv.,  457.  sons,"  Am.  ed.,  676). 

2  Vrtljschr.    f.    ger.     Med.,  1855,  '  Loc.  cit. 

/ii.,     12.     See    also    Roux:    Union  ^  " Ermittelung  von  Giften,"  4te 

la^d.,  1855,  ix.,  145  (five  cases).  Aufl.,  1S95,  275. 

'  Med.    Cor.  -  Bl.     Wurt.    aerztl.  '■  A    precipitate    is    formed    after 

Ver.,  1S40,  x.,  17.     Also  reported  by  twenty-four  hours  in  1  :  3000. 
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teen  hours  the  yellow  color  changes  to  red-violet,   blue,   and, 
finally,  nut-brown. 

3.  Nitric  acid  (sp.  gr.  1 . 4)  forms  a  violet  solution  which 
changes  to  green  and  then  to  yellow  (0.2  mgm.).  The  yellow 
solution  turns  red  on  addition  of  potash  solution.  Fuming 
nitric  acid  colors  colchicin  violet  to  indigo. 

4.  Ferric  chlorid  colors  colchicin  solutions  dark  green.  If  a 
hydrochloric-acid  solution  of  the  alkaloid  be  boiled  with  ferric 
chlorid,  it  is  colored  greenish-black;  and  chloroform  agitated 
with  this  is  colored  garnet-red  or  brown. 

5.  Erdmann's  reagent  forms  a  blue  solution. 

6.  Sulfovanadic  acid  forms  a  bluish-green  solution. 

7.  Frohde's  reagent  forms  a  yellow  solution,  changing  to 
yellowish-green  and  back  to  yellow  in  twenty-four  hours. 

Colchicein  and  oxydicolchicin  give  the  same  color  reactions. 

Experiments  with  colchicin  upon  animals  have  not  shown 
that  it  produces  effects  which  are  sufEciently  characteristic,  nor 
that  any  species  experimented  upon  is  sufficiently  sensitive  to 
its  action  for  the  purposes  of  a  life  test. 

Baumert'  obtained  a  putrid  product,  probably  a  peptone, 
trom  a  cadaver  twenty-two  months  after  death  which  resembled 
colchicin  in  that  it  passed  from  acid  solutions  into  chloroform 
and  into  amylic  alcohol  (and  also  into  benzene),  which  left  it  as 
a  yellow  residue,  and  in  its  behavior  toward  the  general  re- 
agents, but  which  did  not  give  the  reaction  with  ferric  chlorid, 
and  also  differed  from  colchicin  in  forming  precipitates  with 
platinic  chlorid  and  with  picric  acid.  Liebermann-  also  ob- 
tained a  putrid  product  which  passed  into  ether  from  acid  as 
well  as  from  alkaline  liquids,  and  which  was  yellow  and  amor- 
phous. It  differed  from  colchicin,  however,  in  giving  white 
precipitates  with  chlorin  water,  with  mercuric  chlorid,  and 
with  potassium  iodhydrargyrate;  in  giving  a  reddish- violet 
color  after  standing  with  sulfuric  acid,  and  in  failing  to  give 
the  nitric-acid  reaction.  Indeed,  Liebermann  considered  this 
ptomain  as  resembling  coniin,  except  in  that  it  was  not  volatile 
and  had  a  different  odor. 

In  view  of  the  small  number  of  the  not  very  characteristic 
reactions  of  colchicin  the  analyst  would  not  at  present  be  war- 
ranted under  any  circumstances  in  expressing  a  stronger  opinion 
'Arch.d.Pharm.,  1887,  ccxxv.,  911.         =  Berichte,  Berlin,  1876,  ix.,  151. 


920  TOXICOLOGY — WITTHAUS. 

than  that  of  the  experts  in  the  Affaire  R :'  that  the  results 

are  in  accordance  with  the  hypothesis  of  colchicin  poisoning, 
but  that  they  do  not  demonstrate  that  such  hypothesis  is  correct. 
According  to  Obolonski^  and  Ogier^  colchicin  is  not  readily 
decomposed  by  contact  with  putrefying  material.  Proels^ 
detected  it  after  258  days'  contact  with  putrid  material. 

CONIIN  AND  CONIUM. 

Hemlock  (Conium  maculatum)  is  a  native  of  Europe,  but 
is  also  common  in  the  older  portions  of  the  United  States, 
where  it  grows  on  roadsides  and  in  waste  places.  Its  toxic 
character  was  recognized  by  the  ancients,  and  its  juice  or  an 
infusion  of  the  leaves  was  used  by  the  Athenians  (xwaov)  as 
a  judicial  poison.  Hemlock  was  administered  to  Socrates, 
Phocion,  and  Theramenes.^ 

Five  alkaloids  have  been  obtained  from  conium. 

Goniin — Conicin,  Cicutin — is,  chemically,  alpha-propyl- 
piperidin,  C^H^^N {CsKy  a),  and  is  the  most  simply  consti- 
tuted of  the  vegetable  alkaloids,  as  well  as  the  earliest  to  be 
obtained  by  synthesis."  The  natural  alkaloid  was  first  obtained 
by  Giesecke  in  1S27.'  It  is  a  colorless  liquid,  having  a  burning 
taste,  and  a  penetrating,  disagreeable  odor,  sp.  gr.  0.844.  Vola- 
tile to  some  extent  at  ordinary  temperatures,  it  distils  with 
alcohol  or  water.  B.  p.  =  165.8°  (330.5°  F.).  It  dissolves  in  90 
parts  of  cold  water  and  is  less  soluble  in  hot  water,  soluble  in  all 
proportions  in  alcohol,  and  in  6  parts  of  ether;  and  is  also  dis- 
solved by  chloroform,  benzene,  petroleum  ether,  amyhc  alcohol, 
acetone,  and  ethereal  oils.  Its  solutions  are  strongly  alkaline  and 
dextrogyrous  [a]^=  +15.7°.  With  acids  it  forms  crystalline 
salts,  soluble  in  water  and  in  alcohol,  which  are  partly  decom- 
posed, with  loss  of  coniin,  on  evaporation  of  the  solutions.  Its 
vapor  produces  a  white  cloud  with  acid  vapors  or  gases.  The 
free  base  on  exposure  to  air  becomes  oxidized  and  resinous.    It 

'  Ann.    d'hyg.,    etc.,    1886,    3    s.,  of  hemlock  and  the  Athenian  poi- 

XV.,  230.  son  see  Imbert-Gourbeyre:  "De  la 

-  Chem.  Centbl.,  1888,  3  R.,  xix.,  mort  de  Socrate,"  etc.,  Paris,  1875. 
429.     Vrtljschr.  f.  ger.  Med.,  1888,  « Ladenburg:     Berichte,     Berlin, 

n.  F.,  xlv.,  105.  1884,  xvii.,  772,   1121,  1676;  1885, 

'  Mm.  d  hyg.,  18S6,  3  s.,  xv.,  445.  xxviii.,  47,  913,  1587,  2961. 

'  Apot.  Ztg.,  1901,  xvi.,  492.  '  Arch.  d.  Pharm.,  1827,  xx.,  97. 

^Por  a  discussion  of  the  identity 
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exists  in  the  greatest  proportion  (0 .  05  to  0 .  09  per  cent.)  in  the 
leaves  at  the  time  of  flowering,  and  in  the  seed  when  almost  ripe 
(0.7  per  cent.). 

Conhydrin — derived  from  coniin  by  substitution  of  OH  for 
Hin  the  remaining  alpha  position,  C5HgN(OH,C3H7  a) — exists 
in  very  small  proportion  in  hemlock,  from  which  it  was  obtained 
by  Wertheim  in  1856.'  It  separates  from  commercial  coniin 
when  this  is  cooled  to  5°  (41°  F.).  It  crystallizes  in  pearly  plates, 
which  fuse  at  120.6°  (249. 1°  F.)  to  a  liquid  which  boils  at  226.3° 
(439°  F.).  The  sohd  also  sul)limes  in  part  at  100°  (212°  F.).  It 
volatihzes  without  decomposition.  Its  odor  resembles  that  of 
coniin.  It  is  soluble  in  water,  readily  soluble  in  alcohol  and  in 
ether,  and  somewhat  soluble  in  petroleum  ether.  It  is  strongly 
alkaline  and  dextrogyrous.     It  is  highly  poisonous. 

Pseudo -conhydrin — CgHi^NO — isomeric  with  conhydrin,  a 
base  existing  in  conium  in  small  quantity,  discovered  Vjy  Merck,^ 
is  a  light,  white,  crystalline  solid,  having  the  odor  of  conhydrin, 
readily  soluble  in  alcohol,  ether,  and  chloroform.  It  fuses  at 
100°  to  102°  (212°  to  215.6°  F.)  and  boils  at  229°  to  231°  (444.2° 
to  448°  F.),  is  dextrogyrous  [a]^=  +4.3°,  and  is  a  strong  base, 
having  an  alkaline  reaction. 

Methyl  coniin— €511^(03117)  N,CH3 — and  ethyl  piperidin— 
C5Hi„N,C2H5 — are  volatile,  oily,  alkaline  bases,  lighter  than 
water,  which  accompany  coniin  in  small  quantity.^ 

Statistics. — In  recent  times  coniin  or  conium  poisonings 
are  of  rare  occurrence.  We  have  collated  the  reports  of  33 
cases  from  medical  and  pharmaceutical  hterature.''  Almost 
all  were  accidental,  many  caused  by  persons  eating  the  root 
in  mistake  for  parsnips,  etc.,  or  the  leaves.  In  one  instance 
50  persons  are  said  to  have  died  from  the  use  of  hemlock  in 
the  kitchen  in  mistake  for  parsley.*^  Poisonings  have  also 
resulted  from  the  accidental  mixing  of  hemlock  seeds  with 
those  of  anise;"  and  3  children  are  said  to  have  been  poisoned, 

'  Ann.  d.  Ch.  u.  Ph.,  1856,  c,  329;  fiteatro  anat.,  Madrid,  1878,  vi.,  103, 

1862,  cxxjii.,  157;  1863,  cxxvii.,  75;  and  Reichardt:  Jenaisch.  Ztsch.  f. 

,1864,  cxxx.,  269.  Med.,  etc.,  1865,  ii.,  340,  which  are 

'  Ladenburg  and  Adam:  Berichte,  inaccessible  to  us. 

Berhn,  1891,  xxiv.,  1671.  ^  Med.  Times  and  Gaz.,  1855,  ii.. 

For  the  physiological  action  of  51. 

methyl-coniin      see      Brown     'and  "Gal  tier:    "Tox.,"    ii.,     206. 

Eraser:  Tr.  roy.  Soc,  Edinb.,  1869,  Schauenstein:    Maschka's    "Handb. 

XXV    893.    Hope:  Diss.,  Kiel,  1893.  d.  ger.  Med.,"  ii.,  574. 
Not  including  Oria  y  Cruz:  An- 
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1  fatally,  by  blowing  whistles  made  of  hemlock  stems.' 
Only  6  cases,  3  fatal,  were  caused  by  the  tincture  or  fluid  ex- 
tract taken  in  overdose.-  In  one  instance  a  man  of  22  years 
was  severely  poisoned  by  inhaling  the  vapor  of  coniin  in 
small  amount.^  Although  Schauenstein*  refers  to  2  suicides 
by  conium,  we  find  no  record  of  an  instance  of  intentional 
self-destruction  b}-  this  poison.  One  of  the  2  cases  here  re- 
ferred to  is  that  of  Walker,  who  died  in  Xew  York  in  1875 
from  the  effects  of  150  minims  of  Squibb's  fluid  extract,  taken 
in  three  doses  during  an  hour.  But  this  case,  frequently  re- 
ferred to  as  suicidal,  was  due  to  a  misunderstanding  of  the 
physician's  directions.'  Four  alleged  homicides  by  this  poison 
have  been  investigated.  In  Reg.  v.  Bowyer,  in  1S4S,  a  woman 
was  accused  of  the  murder  of  her  child  by  a  decoction  of  hem- 
lock, but  acquitted  from  lack  of  evidence.''  Mitscherlich  and 
Casper^  reviewed  the  evidence  as  to  the  cause  of  the  death  of 
a  man  alleged  to  have  been  poisoned  by  conium,  reaching  the 
conclusions  that  death  was  due  to  mechanical  suffocation,  and 
that  the  facts  were  insufficient  to  constitute  positive  proof  that 
poisoning  by  conium  had  also  been  attempted.  The  same  neg- 
ative conclusion  as  to  proof  of  hemlock  poisoning  as  the  cause 
of  death  was  reached  in  the  case  of  a  man  of  seventy  years  who 
was  alleged  to  have  been  destroj-ed  by  conium,  administered  in 
soup  bj-  his  son.*  In  1861  Louise  Berger  died  in  a  few  minutes 
from  the  effects  of  ten  to  fifteen  drops  of  coniin,  administered 
Ijy  her  lover,  Dr.  Jahn.' 

Lethal  Dose — Duration — Prognosis. — The  minimum  lethal 
dose   of   pure   coniin  for  the  human  subject  is  undetermined. 

'  Lancet,  1851,  ii.,  276.  '^  Wharton     and     Stille:     "Med. 

^StilI6:    "Mat.    Med.,"    ii.,    2GS  Jur.,"     4th     ed..     ii.,     613.     Bell: 

(Hunter);     M.,    ad.,     5x.    extract,  Sanitarian,    1S75,    iii.,    117:   Tr. 

D.    two   hours.     Fountain:   Am.   J.  Am.  Med.  Assoc,  l$7o,  xxvi.,  345; 

M.   Sc,    1S46,   n.   s.,   xi.,    123;   M.,  Med.  Times  and  Gaz.,  1S75,  i.,  473. 

ad.,  gr.  xij.,    extract,    R.      Pereira:  "London      Med.      Times,      1848, 

"Mat.    Med.,"    ii.,    732;    M.,    ad.,  xviii.,  244.     Taylor:  "Poisons,"  3d 

"overdose, "  R.     Pepper:  Med.-leg.  Am.  ed.,  700. 

J.,   X.  Y.,   ISS0-S6,  iii.,   179;  eight  '  Vrtljschr.    f.    ger.    Med.,    1859, 

months,   gr.    v.,    extract,    D.    seven  xv.,  193. 

hours.     Langdon:    Cincin.    M.    and  *  Hofmann:      Vrtljschr.     f.     ger. 

Dent.   J.,    1SS.3-S6.   i.,    13S;  F.,   35,  Med.,  1S70.  n.  F.,  xiii.,  1. 

about  ovij.  tinct.,  R.    The  Walker  »  Arch.    d.   Pharm.,    1S61,    2   R., 

case  below.  cvii.,     257.     360.     Dupuy:     "Alca- 

^Schulz:  Deut.  med.  Wchnschr.,  loides. "     i.,     465.      Husemann     u. 

1SS7,  xiii.,  495.  Hilger:  "Pflanzenstoffe, "  2te  Aufl., 

*  Op.  cit.,  p.  573.  923^ 
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Probably  that  supposed  to  have  caused  death  in  a  few  minutes 
in  Dr.  Jahn's  case,  ten  to  fifteen  drops  (about  0.42  to  0.63 
gm.)'  was  greatly  in  excess  of  that  sufficient  to  cause  death, 
and  probably  0. 15  gm.  might  cause  the  death  of  a  human  adult. 
The  experiments  of  Schroff^  made  upon  twenty-seven  physi- 
cians showed  0 .  003  to  0 .  085  gm.  of  the  pure  alkaloid,  dissolved 
in  alcohol,  to  constitute  a  toxic  dose.  Van  Praag^  states  the 
minimum  lethal  dose  for  cats  and  dogs  as  0. 122  gm.,  for  rabbits 
0.0163  gm.,  for  small  birds  0.243  gm.,  for  frogs  0.004  gm.,  and 
for  fishes  0.0732  gm.  Ibmsen*  found  that  thirty  drops  (1.26 
gm.)  given  to  a  horse  by  the  mouth  remained  without  effect, 
and  that  five  drops  (0.2  gm.)  injected  into  the  jugular,  although 
a  toxic  dose,  was  not  lethal.  Stienhauslin^  found  the  lethal 
dose  for  rabbits  to  be  45 .  75  mgm.  per  kilogram.  Martens"  found 
the  minimum  lethal  dose  for  white  mice  to  be  1 .  54  mgm.  (75 .  05 
mgm.  per  kilogram),  and  for  pigeons  11.4  mgm.  (40.3  mgm. 
per  kilogram).  The  investigations  of  Brown  and  Frazer,'  and 
of  Tiryakian^  have  shown  that  commercial  samples  of  coniin 
differ  materially  in  their  activity  with  the  degree  to  which  they 
have  become  altered  by  exposure  to  air. 

The  parts  of  the  plant  and  the  pharmaceutical  preparations 
made  therefrom  vary  still  more  in  strength  according  to  the 
season  at  which  the  plant  is  gathered  and  their  degree  of 
freshness. 

The  duration  of  a  fatal  poisoning  by  coniin  is  compassed 
within  a  few  minutes;  and  even  when  death  is  caused  by  the 
leaves,  or  by  a  decoction,  or  by  the  fluid  extract  the  duration  of 
the  poisoning  has  only  exceeded  three  hours  in  two  instances :  a 
man  of  forty-three  years  died  in  three  and  a  half  hours  after  hav- 
ing eaten  a  quantity  of  the  leaves;^  and  in  Pepper's  case^"  a  child 
died  in  seven  hours  from  the  effects  of  five  grains  of  the  extract. 
An  exceptional  case  is  reported  by  Armstrong"  of  a  woman  of 
twenty  years  who  is  said  to  have  died  in  fifty-two  hours  from 

'  Schroff  gives  the   weight   of   a  "  Diss.,  Kiel,  1893. 

drop  of  coniin  as  0 .  042  gm.  '  Tr.    Roy.    Soc,    Edinb.,    1869, 

^Wchnbl.  d.  k.   k.   Gesellsch.   d.  xxv.,  893. 

Aerzte  in  Wien,  1856,  ii.,  33,  49,  73,  «  These,  Paris,  1878. 

'02.  8  Bennett:     Edinb.     M.     and     S. 

'  Nederl.  Lancet,  1855,  3  s,,  iv..  Jour.,  1845,  Ixiv..  169. 

°'^-  '"  Loc.  cit. 

'Husemann   u.    Hilger:    "Pflan-  "  Tr.    M.    Soc.   N.   Jersey,    1880, 

zenstoffe,"  2te  Aufl.,  921.  cxiv.,  249. 
Diss.,  Berne,  1887. 
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the  effects  of  the  root  of  Conium  maculatum.  The  case  was, 
however,  peculiar  in  other  respects,  and  so  far  as  the  imperfect 
report  indicates,  the  symptoms  were  not  those  of  conium  poi- 
soning, but  rather  those  of  a  cicuta  poisoning  of  prolonged  dura- 
tion. 

The  prognosis  will  depend  upon  the  quantity  of  coniin  ab- 
sorbed, and  will  consequently  differ  with  the  amount  of  the  alka- 
loid present  in  the  plant  or  preparation  swallowed,  and  with  the 
length  of  time  it  is  allowed  to  remain  in  the  stomach.  In  cases 
not  rapidly  fatal  the  condition  of  the  respiration  is  the  best 
indication  of  the  probable  result.  Owing  to  the  imperfect 
character  of  many  of  the  reports  and  the  uncertainty  of  the 
quantities  of  coniin  present,  an  attempt  fo  indicate  the  fatality 
by  a  comparison  of  the  numbers  of  deaths  and  recoveries  in 
reported  cases  would  be  misleading. 

Method  of  Action.— The  action  of  coniin  is  that  of  a  power- 
ful paralyzant  of  both  the  medulla  and  cord  and  the  peripheral 
motor  nerve  terminations.  The  central  nervous  system  is  first 
stimulated,  with  the  production  of  clonic  spasms,  and  subse- 
quently paralyzed.  The  action  upon  the  motor  nerves  is  more 
marked,  and  is  not  preceded  by  stimulation.  Death  results 
from  paralysis  of  the  phrenic.  It  has  little  action  upon  the  circu- 
lation beyond  a  temporary  rise  in  the  blood  pressure,  succeeded 
by  a  fall  to  the  normal  or  (with  large  doses)  below.  It  stimu- 
lates the  secretion  of  glands.'  It  appears  to  be  eliminated  by 
the  urine,  although  the  evidence  is  not  conclusive.^ 

Ss^mptoms. — A  burning  sensation  in  the  mouth,  with  a  sense 
of  scratching  in  the  throat,  and  dizziness  may  be  perceived  upon, 
or  shortly  after,  swallowing  the  poison,  but  the  first  noticeable 
effect  is  a  prickling  sensation  and  loss  of  power  in  the  lower 
extremities,  the  paralysis  beginning  at  the  feet  and  extending 
upward.  Dr.  F]arle,  however,  who  was  on  horseback,  per- 
ceived the  loss  of  power  first  in  the  upper  extremities.'    The 

'Tiryakin:    These,     Paris,     1S7S.  Arch.  f.  exp.  P.  u.  P.,  1902,  xlviii., 

Prevost:    Arch,    de    physiol.    norm.  356. 

et   path.,    1880,   xii.,   40.     Harnack  -  Zalewski:    Diss.,    Dorpat,    1869. 

and  Meyer:-  Arch.  f.  exp.  P.  u.  P.,  Dragendorff:        "  Beitr.       z.      ger- 

1880,  xii.,  39.3.      Bohm:  /bid,,  1SS2,  Chem.,"    1S72,    1.     v.    Schroff:   N. 

XV.,   432.     Archarow:  Centbl.   f.   d.  Rept.   d.   Pharm.,    1870,   xix.,  463. 

m.    Wissensch.,     1S,S6,    xxiv.,    369.  Prevost:  hoc.  cit. 
Gioffredi:    Schmidt's    Jhrb.,     1894,  ' Fountain :  Loc.  crt 

ccxh.,     21.     Hayashi     and     Muto: 
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person  staggers  as  if  intoxicated  on  attempting  to  walk,  or 
falls.  Consciousness  is,  however,  perfect,  and  the  intellect  re- 
mains clear  even  after  the  powers  of  motion  and  of  speech  are 
lost.  There  is  some  nausea,  but  no  vomiting.  Frontal  head- 
ache and  a  pecuhar  sensation  as  if  of  an  obstruction  between 
the  eyeUds  are  experienced.  The  speech  becomes  thick  and 
finally  lost,  and  deglutition  difficult,  then  impossible.  The 
pupils  are  dilated,'  and  the  pulse  and  temperature  are  normal 
until  toward  the  end.  The  arms  become  paralyzed,  and  the 
paralysis  extends  to  the  muscles  of  respiration,  causing  death 
by  asphyxia. 

The  cases  frequently  quoted  from  Orfila  of  two  persons  who 
manifested  the  symptoms  of  atropic  poisoning,  and  whose 
poisoning  is  ascribed  to  conium,  were  probably  caused  by 
hyoscyamus.^ 

Treatment. — This  should  consist  in  the  removal  of  unab- 
sorbed  poison  by  mechanical  means  or  by  the  administration  of 
emetics  and  purgatives;  and  in  the  performance  of  artificial 
respiration  when  the  natural  function  fails. 

Post-mortem  Appearances. — These  are  not  characteris- 
tic, and  are  mainly  those  found  after  death  from  asphyxia  by 
other  causes:  hypersemia  of  the  brain,  meninges,  and  lungs, 
dark,  difficultly  coagulating  blood,  which  becomes  brighter  on 
exposure  to  air,  and  sometimes  oedema  of  the  lungs.  The 
gastric  mucous  membrane  is  somewhat  reddened,  and,  after 
death  from  coniin,  may  be  ecchymosed. 

Detection. — Coniin  is  abstracted  from  alkaline  aqueous 
liquids  by  petroleum  ether,  and  will  consequeritly  be  found  in 
residue  V.  in  the  systematic  process  for  alkaloids  (see  p.  162). 
In  the  process  for  volatile  poisons  it  will  also  appear  in  the 
distillate  from  alkaline  solution.  Indeed,  the  best  method  for  the 
separation  of  the  alkaloid  consists  in  adding  magnesia  and  dis- 
tilling nearly  to  dryness.  The  distillate  is  neutralized  with 
oxalic  acid  and  evaporated  to  dryness,  and  the  residue  extracted 

'  Meyer  (Arch.  exp.  P.  u.  P.,  1893,  v6n6iieuses  de  la  Suisse,"  1776,  p. 

xxxu.,    105)    says    they    are    mod-  274),  who  in  turn  took  them  from 

^■■fely  contracted.  Matthiolus   (Lib.   vi.,   cap.,   xi.,   ed. 

.These   cases,    cited    as    conium  Venet.,  1554,  p.  663),  who  says  that 

P'^^oi'r'gs  by  most  writers  (as  late  the  root  was  cooked  in  mistake  for 

??  .{Robert,    1906),    are    quoted    by  parsnips.     Hyoscyamus     has     been 

«nw  ^  '^^^^  S^'^-' "   ^^™s  ed.,  ii.,  frequently  eaten  in  consequence  of 

0^9)  from  Vicat  ("Hist.  d.  plantes  a  like  mistake. 
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with  alcohol,  which  dissolves  coniin  oxalate,  but  not  ammo- 
nium oxalate.  After  filtration  the  alcohol  is  evaporated,  and 
the  alkaloid  liberated  with  caustic  soda.  The  free  alkaloid  pre- 
sents the  following  reactions: 

1.  It  is  oily  (oily  drops  or  streaks),  has  a  peculiar  odor,  re- 
sembling that  of  the  urine  of  mice,  is  alkaline  in  reaction,  and 
reddens  phenolphthalein.  According  to  Heut,^  coniin  and  nic- 
otin  may  be  distinguished  from  each  other  by  the  fact  that  an 
alcoholic  solution  of  the  former  reddens  an  alcoholic  solution  of 
phenolphthalein,  while  an  alcoholic  solution  of  the  latter  does 
not. 

2.  A  strong  cold  solution  of  the  alkaloid  in  water  becomes 
cloudy  when  heated,  and  clears  up  on  cooling. 

3.  An  aqueous  solution  of  the  alkaloid  is  rendered  milky  by 
chlorin  water.     Nicotin  does  not  behave  similarly  with  2  and  3. 

4.  A  glass  rod,  moistened  with  hydrochloric  acid,  when 
approached  to  the  alkaloid,  is  surrounded  by  a  white  cloud, 
while  the  coniin  becomes  converted  into  a  crystalline  mass, 
which,  with  a  magnifying  power  of  180-250  is  seen  to  consist 
of  doubly  refracting  needles  arranged  in  stellate  bundles  or  in 
dendritic  forms,  or  irregularly  interlaced.  After  a  time  yellow- 
ish amorphous  masses  and  cubical  or  octahedral  crystals,  hav- 
ing no  action  on  polarized  light,  and  sometimes  arranged  in 
cross  or  dagger  shapes,  are  produced  from  the  needles  (Erhard). 

5.  The  bromid  also  forms  similar  crystals,  which  may  be 
produced  by  placing  a  watch-glass  containing  bromin  water 
over  one  containing  an  ethereal  solution  of  the  alkaloid,  and 
covering  both  with  an  inverted  beaker.  A  similar  crystalliza- 
tion is  obtained  if  a  solution  of  bromin  in  hydrobromic  acid  be 
used  in  place  of  bromin  water.^  Nicotin  does  not  form  crystals 
under  these  conditions. 

6.  If  an  aqueous  solution  of  coniin  containing  sulfuric  acid 
be  evaporated  at  the  ordinary  temperature,  needle-shaped  crys- 
tals are  first  formed,  and  later  large  crystalline  plates.  Similar 
crystals  are  produced  hy  the  alkaloid  with  phosphoric  acid.^ 

7.  Dragendorff^  gives  the  behavior  of  coniin  in  sulfuric 
aqueous  solution  toward  the  general  precipitants  as  follows: 

■Arch.   d.  Pharm.,  1893,  ccxxxi.,  ^  Erhard:  "Die  gif  tig.  Alkaloide," 

376.  etc.,  PI.  i.,  f.  4;  PI.  ii.,  f.  1. 

M\'ormley:     "Micro-Chem.     of  *  " Ermitt.  von  Giften,  "  4te  Aufl., 

Poisons,"  2  ed.,  461.  2S4. 
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with  potassium  bismuth  iodid,  an  orange-red  precipitate  up  to 
1:6000;  phosphomolybdic  acid,  a  yellowish  precipitate  1 :  1000; 
fotassium  mercury  iodid,  a  cloudiness  1  :  800 ;  potassium  cad- 
mium iodid,  slight  cloud  1  :  800 ;  iodo-potassium  iodid,  kermes- 
colored  precipitate  1 :  10,000. 

Auric  and  platinic  chlorids,  which  precipitate  nicotin  in 
dilutions  of  1  :  10,000  and  1  :  5000,  respectively,  do  not  precipitate 
coniin  in  solutions  more  dilute  than  1  :  100.' 

8.  Color  reagents  for  the  most  part  give  negative  results. 
According  to  Sohn,^  fuming  nitric  acid  colors  coniin  bluish, 
changing  to  orange,  and  dry  hydrochloric  acid  gas  forms  a 
purple-red  color,  changing  to  indigo.^  According  to  Kundrdt,* 
sulfovanadic  acid  gives  an  intense  green  color,  gradually  be- 
coming brownish. 

9.  When  injected  into  the  hind  leg  of  a  frog  coniin,  or  its 
salts,  produces  paralysis  of  that  member,  which  becomes  limp 
and  is  dragged  around  by  the  animal  in  moving.  Injected 
into  animals  in  larger  amount  it  produces  paralysis,  beginning 
with  the  posterior  extremities,  very  much  like  that  caused  by 
curare.^ 

The  different  species  of  Lupine  {Lupinus  alhus,  luteus, 
etc.),  whose  seeds,  after  suitable  preparation,  are  used  as  food  in 
the  countries  bordering  the  Mediterranean,  have  been  found  by 
Baumert  to  contain  at  least  two  alkaloids,  one  of  which,  lupin- 
idin,  CgHjjN,  resembles  coniin  in  being  liquid,  oily,  and  vola- 
tde,  in  its  odor,  it  being  more  soluble  in  cold  than  in  hot  water, 
and  in  its  physiological  action.  Its  platinochlorid  is,  however, 
insoluble  in  water."  According  to  the  more  recent  investigation 
of  Soldaini,'  lupinus  alhus  contains  two  alkaloids,  one  solid  and 
crystalline,  the  other  oily,  both  having  the  formula  C^Jl^ii^^O. 
He  makes  no  mention  of  an  alkaloid  having  the  characters  of 
lupinidin,  unless  a  product  of  the  action  of  alkalies  upon  his  fluid 

'See  also  Zalewski:   Diss.,   Dor-  ■■  Ztschr.     f.     an.     Chem.,     1889, 

pat,    1869,    and    in    Dragendorff:  xxviii.,  710. 

Bejtr.  z.  ger.  Chem.,"  p.  1.  =  See    Dupuy:    "Alcaloides,  "    i., 

Dictionary    of    Active    Princi-  449.     Blyth:  "Poisons, "  253. 

pies  of  Plants, "  43.  "Baumert:   Ann.   d.   Ch.   u.  Ph., 

Dragendorff   does   not   mention  1884,    ccxxiv.,    321;    ccxxv.,    365. 

tjie  nitnc-aoid   reaction,    and    con-  Loewenthal:       Diss.,       Konigsberg, 

siders  that  with  hydrochloric   acid  1888.     Husemann:  Ph.   Ztg.,    1890, 

to  be  due  to  impurities  ("Ermitt.  xxxv.,  611. 

vonGiften,"4te  Aufl.,  284).  'Arch.    d.   Pharm.,    1893,    3    R., 

xliii.,  321,  481. 
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alkaloid,  to  whose  chloraurate  he  assigns  the  formula  C15H22N2. 
HCI.AUCI3,  be  such. 

Coniin-like  Ptomains. — Volatile,  liquid,  alkaline  bases, 
some  of  which  have  a  more  or  less  distinct  mousy  odor,  are 
frequently  produced  during  putrefaction,  and  in  the  present 
condition  of  our  knowledge  the  analyst  will  not  be  warranted  in 
asserting  the  existence  of  coniin  in  putrefying  material  from 
the  affirmative  results'  of  the  reactions  above  mentioned  alone, 
and  it  must  also  be  remembered  that  similar  substances  may  be 
introduced  into  the  living  body  in  decomposed  food  articles.' 
Most  of  the  liquid  putrid '  products  have  been  identified  as 
monamins  (trimethylamin,  ethylamin,  etc.,  or  diamins  (ca- 
daverin,  putrescin,  etc.),  which  are  extracted  by  petroleum 
ether  or  pass  over  on  distillation  from  alkaline  solutions.  These 
bases  have  not  the  physiological  action  of  coniin,  however. 

Many  of  the  volatile  ptomains  obtained  by  Selmi  were  in 
all  probability  amins,  but  some  of  them  presented  such  similar- 
ity to  coniin  in  odor,  volatility,  and  alkalinity  that  Selmi  ex- 
pressed the  opinion  that  coniin  itself  is  produced  during  putre- 
faction.^ Whether  this  product  had  a  physiological  action 
resembling  that  of  coniin  or  not  was  not  determined.  Schwa- 
nert^  had  in  1874  obtained  a  volatile,  alkaline  base  from  putre- 
fying material,  which  had  the  odor  of  propylamin  and  was 
probably  a  monamin.  He  remarks  that  "  from  its  ready  vola- 
tility and  its  peculiar  odor  it  was  not  coniin  or  nicotin."  In  a 
noteworthy  criminal  case  in  Germany  in  1874  (Process  Brandes- 
Krebs),  Otto  showed  that  the  liquid,  volatile,  alkaline  base, 
separated  from  the  cadaver  and  said  by  two  analysts  to  be 
coniin,  could  not  be  either  that  alkaloid  or  nicotin,  and  was  not 
identical  with  any  vegetable  base  known  to  him.  While  pre- 
senting many  points  of  resemblance  to  coniin  and  to  nicotin  it 
had  not  the  odor  of  coniin,  was  intensely  bitter  and  highly  poison- 
ous, and  its  aqueous  solution  did  not  cloud  on  heating.  It 
resembled  nicotin  in  that  it  formed  precipitates  with  platinic, 
auric,  and  mercuric  chlorids,  but  differed  from  it  in  the  crys- 
talline and  doubly  refractive  characters  of  its  chlorid,  and  in 
failing  to  give  the  Roussin  reaction.^     In  1878  Brouardel  and 

'  See     Brouardel    and  Boutmy's           '  Berichte,      Berlin,      1874,     vii., 

case  below.  1332. 

^"Sulle     Ptomaine,"  Bologna,          * " Ausmittelung    d.    Gifte,"    6te 

1878,  22-30.  Aufl.,  2te  Abd.,  1892,  93-95. 
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Boutmy'  obtained  from  the  cadaver  of  a  woman  who  had  died 
from  the  effects  of  eating  a  portion  of  a  decomposed  stuffed 
goose,  as  well  as  from  the  remains  of  the  food,  a  liquid,  alkaline 
base  which  had  the  odor  of  coniin,  and  bore  some  resemblance 
to  that  alkaloid  in  its  behavior  toward  the  general  reagents,  but 
which  differed  from  it  in  its  action  upon  frogs.  They  attrib- 
uted the  death  to  ptomai'n  poisoning.  Otto^  also  refers  to  an 
instance  in  which  Sonnenschein  mistook  a  volatile  putrid  alka- 
loid for  coniin  in  a  case  of  poisoning  by  water  hemlock  (Cicuta 
virosa).    The  body  had  been  buried  three  months. 


OTHER  POISONOUS  UMBELLIFEROUS  PLANTS. 

Water  Hemlock  (Cicuta  Virosa,  vel  Aquatica). 

The  water  hemlock,  or  cowbane,  which  grows  abundantly 
in  the  north  of  continental  Europe  and  less  commonly  in  the 
south  of  England,  has  been  frequently  confounded  with  conium, 
which  it  resembles  in  appearance,  but  from  which  it  differs 
markedly  in  its  physiological  action.  Early  medical  writers 
refer  frequently  to  poisonings  caused  by  the  root  having  been 
eaten  in  mistake  for  parsnips  or  celery  root,  or  by  the  herb  having 
been  used  in  the  kitchen  in  mistake  for  parsley,^  and  one  of 
the  earliest  toxicological  monographs  is  that  of  Wepfer,  re- 
lating to  the  poisoning  of  eight  children  by  the  root.''  Mertzdorf^ 
described  the  fatal  poisoning  of  three  children  by  the  leaves. 
Similar  accidents  are  of  occasional  occurrence  at  the  present 
time,  although  they  are  rarely  reported  in  medical  literature." 
In  the  United  States  similar  accidental  poisonings  by  the  closely 
related  Cicuta  maculata  which  is  widely  known  as  water  hem- 


'Ann.   d'hyg.,   etc.,    1880,    3    s.,  1872,  3  s.,  ii.,  1063.     Lender:  Vrtl- 

IV.,  352,  jsohr.  f.  ger.  Med.,  1865,  n.  F.,  iii., 

^Op.cit.,%.  126.     Herzog:   Deut.    Ztschr.   f.   d. 

'See  Wibmer:  "Wirkung,"  etc.,  Staatsarznk.,  1868,  n.  F.,  xxvi.,  92. 

U-,  113.    Regel:  Memorab.,  Heilbr.,  Willson:     Lancet,     1871,     ii.,     396. 

1866,  xi.,  58.  Kelp:    Vrtljschr.    f.    d.    ger.    Med., 

'"Cicutae    aquaticae    historia    et  1879,  n.  F.,  xxx.,  380.      Breternitz: 

noxa,"   Basilae,    1679;   ibid.,    1713;  Beri.  kl.   Wohnschr.,    18S5,  xxii., 

Lugd.  Bat.,   1733;  Venet.,   1759.  540.     Kobert:       "  Intoxikationen," 

J.  compl.  du  diet.  d.  sc.  m6d.,  629.     Ludtke:     Arch.     d.     Pharm., 

1823,  xvii.,  361.  1893,  ccxxxi.,  34.    Lesser:  Vrtljschr. 

°Ph.  J.  and  Tr.,  1856-7,  xvi.,  578;  f.  ger.  Med.,  1898,  3  F.,  xvi.,  90. 
IV.-59 
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lock,  spotted  cowbane,  beaver  poison,  or  musquash  root,^  are  not 
of  unusual  occurrence.  Two  homicidal  poisonings  by  cicuta 
virosa  have  been  subjects  of  investigation  in  Germany  and  one  in 
Roumania.  In  one  German  case  a  young  woman  of  seventeen 
years  was  convicted  of  the  murder  of  her  husband,  aged  sixty, 
by  this  plant,  administered  partly  in  coffee,  and  partly  mixed 
with  parsley.'  The  other  was  an  accusation  of  poisoning  by 
cicuta  referred  to  by  Otto.^  In  the  Roumanian  case  a  man  died 
in  two  hours  from  the  effects  of  the  root  used  in  making  a  cake 
by  his  wife  under  the  advice  of  a  fortune  teller.  Intent  to 
cause  death  appears  to  have  been  lacking.''  A  poisoning  by 
the  herb,  purchased  from  an  herbalist,  of  a  man  of  fifty-five  years, 
reported  by  Caillard,^  appears  to  have  been  the  result  of  an  at 
tempt  at  suicide. 

Cicuta  virosa  contains  no  coniin;'  but  owes  its  toxic  action 
to  a  neutral,  resinous  body,  first  separated  by  Boehm,'  and 
called  by  him  cicutoxin,  which  is  amorphous,  gummy,  light 
yellow,  acid  in  reaction,  rather  soluble  in  hot  water  and  in  di- 
lute alkaline  solutions,  soluble  in  alcohol,  ether,  and  chloroform 
but  not  soluble  in  petroleum  ether,  which  precipitates  it  from 
its  etheral  solution.  Nor  is  coniin  or  another  volatile  alkaloid 
present  in  the  American  Cicuta  maculata,  whose  poisonous 
action,  similar  to  that  of  Cicuta  virosa,  is  probably  due  to  the 
action  of  a  substance  similar  to  or  identical  with  cicutoxin.^ 

The  ssrmptoms  of  poisoning  by  cicuta  resemble  those 
caused  by  CEnanthe  crocata  (see  below)  more  closely  than  they 
do  those  of  conium  poisoning.  The  onset  is  sometimes  rapid, 
sometimes  delayed;  there  are  nausea,  vomiting,  colicky  pains, 
staggering,  palpitation,  and  loss  of  consciousness,  with,  at  first, 

'  Stockbridge :    New    England    J.  *  Pribram:  Arch,  f.krim.  Anthrop., 

M.  and  S.,  1814,   iii.,  334.     Hazel-  1900,  iv.,  166. 

tine:  Ibid.,  1818,  vii.,  219.     Trues-  *  Clin.  d.  hop.,  1829,  iv.,  33. 

dale:    Brit.   Am.   J.,    1862,   iii.,   37.  « Dragendorff:       "Ermitt.      von 

Dupuis:  Canada  M.  J.,  1865,  i.,  416.  Giften,"  4te  Aufl.,  279.     Otto:  Op. 

Matchett:  Cincin.  Lancet  and  Obs.,  cit.,     71.     Boehm:    Arch.    f.    exp. 

1870,   n.   s.,   xiii.,   462.     Carpenter:  Path.   u.  Ph.,    1876,  v.,  279.     Van 

Tr.  Minn.  M.  Soc,  1871,  55.     Folk:  Ankum:  J.  f.  prakt.  Chem.,  1868, 

Tr.  S.  Car.  M.  Assoc,  1SS2,  xxxii.,  cv.,  151. 

69.     Armstrong:    Tr.    M.    Soc.    N.  '  Loc.    cit.    See   also  Wilszemski: 

Jersey,    1880,   cxiv.,    249    (reported  Diss.,  Dorpat,  1875.     Pohl:  Arch.  f. 

as  conium.)  exp.  Path.  u.    Ph.,  1S94,  xxxiv.,  265. 

^  Friedreich's    Bl.    f.    ger.    Med.,  *  Blacksmann:  Amer.  J.  Pharm., 

18.50,  i.,  Hft.  1.,  39-68.  1893,4;    Pharm.    Ztg.,    1893,    148. 

'"Ausmitt.  d.  Gifte,"  6te  Aufl.,  See  also  Maisch:  Am.  J.  Ph.,  1891, 

96.  328. 
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ptosis,  dropping  of  the  lower  jaw,  and  pale  face  and  lips.  Soon 
there  are  twitchings  of  the  facial  muscles;  the  patient  becomes 
uneasy,  the  respiration  more  accelerated;  the  paleness  gives 
place  to  cyanosis,  and  the  patient  is  attacked  with  the  most 
violent  convulsions,  at  first  tonic  in  character,  becoming  clonic, 
of  long  duration  (one  to  five  minutes),  during  which  there  is 
marked  opisthotonos  of  the  head,  neck,  and  trunk,  and  the  legs 
are  drawn  up;  there  is  gnashing  of  the  teeth,  and  the  lips  are  cov- 
ered with  a  reddish-brown  froth.  During  the  spasm  the  faeces 
are  passed  involuntarily,  and  the  urine  is  expelled  in  a  strong 
stream;  and  at  its  height  the  respiration,  and  apparently  the 
heart  also,  is  completely  -arrested.  During  the  intervals,  which 
are  of  about  ten  minutes'  duration,  the  face  is  pale,  the  saliva 
flows  from  the  angles  of  the  mouth,  the  extremities  are  cold, 
though  the  rectal  temperature  is  normal,  the  respiration  is  ac- 
celerated and  stertorous;  the  heart's  action  is  irregular,  with 
pauses  after  every  second,  third,  or  fourth  beat;  the  radial 
pulse  is  imperceptible,  the  pupils  are  widely  dilated,^  the  cor- 
neal reflex  is  absent,  and  the  patient  is  entirely  unconscious. 
In  fatal  cases  death  occurs  during  a  spasm,  from  asphyxia,  or 
the  severity  of  the  spasms  abates,  and  the  patient  remains  un- 
conscious and  expires  in  coma.  In  non-fatal  cases  recovery  is 
rapid  after  cessation  of  the  convulsions. 

The  treatment  of  cicuta  poisoning  should  consist  in  the 
evacuation  and  washing  out  of  the  stomach,  whether  the  patient 
has  vomited  or  not,  and  even  if  considerable  time  has  elapsed 
since  the  poison  was  swallowed.  If  emetics  be  given,  apomorphin 
is  to  be  preferred  to  those  given  by  the  mouth.  To  control 
the  convulsions,  chloral  hydrate  should  be  resorted  to  if  pos- 
sible, and  chloroform  and  ether  by  inhalation, 

The  post-mortem  appearances  are  for  the  most  part  nega- 
tive. There  are  evidences  of  gastric  irritation,  and  some- 
times ecchymoses  are  produced  in  various  organs  during  the 
spasms.  If  death  have  occurred  from  asphyxia  the  usual  evi- 
dences of  that  mode  of  death  will  be  present. 

The  chemical  detection  of  cicutoxin  is,  in  the  present  con- 
dition of  our  knowledge,  impossible.     In  cases  of  death  from 

'In   one    of    Dupuis'    cases    the      ing    the    interval    (Canada    M.    J., 
pupils  were  said   to   be  contracted       1865,  i.,  416). 
durmg  the  spasm,  and  dilated  dur- 
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portions  of  the  plant,  evidences  of  value  may  be  obtained  from 
the  botanic  character  of  portions  remaining  in  the  stomach-' 
or  the  action  of  cicutoxin  upon  frogs  may  be  utiUzed  for  its 
identification  under  favorable  conditions.  Animals  recently 
captured  are  more  sensitive  than  those  which  have  been  kept  in 
confinement.  The  action  of  cicutoxin  is  divided  into  three 
periods:  1st,  A  period  of  latency,  during  which  the  animal  as- 
sumes a  peculiar  position;  the  hind  legs  are  spread  out,  with 
the  legs  making  a  right  angle  to  the  thighs  and  the  toes  spread 
wide  apart.  The  animal  moves  only  when  strongly  irritated, 
and  then  walks  with  legs  wide  apart.  2d,  The  animal  becomes 
very  uneasy,  with  accelerated  respiration,  then  for  a  few  min- 
utes there  are  rapidly  successive  extensions  and  flexions  of  the 
hind  legs,  a  few  strong  jumps,  accompanied  by  shrill  cries,  and 
powerful  tetanic  convulsions,  with  opisthotonos  or  emprosthot- 
onos.  3d,  After  some  clonic  convulsions  the  animal  remains 
quiet  and  apparently  exhausted,  and  when  irritated  moves 
slowly,  with  limbs  stiff  and  widely  spread  out.^ 

OEnanthe   Ceocata. 

The  hemlock  water-dropwort,  five-finger  root,  or  dead  tongue 
(CEnanthe  crocata)  grows  abundantly  near  water  in  the  south 
of  England  and  in  France  and  Holland,  where  it  has  frequently 
caused  poisoning,  notably  in  sailors  from  Mediterranean  ports, 
who  have  eaten  the  root  in  mistake  for  wild  celery,  which  grows 
in  similar  situations  in  those  parts.  Frequently  several  individ- 
uals have  partaken  of  the  root  and  have  all  been  more  or  less 
severely  poisoned.  Thus  we  have  collated  the  reports  of  27 
poisonings  in  more  than  120  individuals,  of  which  20  were  multi- 
ple.^    Another  European  species,  CEnanthe  fistulosa,  is  poisonous, 

■  Ludtke:    Arch.    d.    Ph.,     1893,  Bossey:    London    M.  Gaz.,   1844, 

ccxxxi.,  34.  xxxiv.,    288,    21    convicts,    6   died. 

=  See  Bohm:  Arch.  f.  exp.  Path.  Taylor:  "Pr.  and  Pr.  M.  Jur.,"  3d 

u.  Ph.,  1875,  iii.,  224;   1876,  v.,  289.  ed.,    i.,    450,    2    men,    both    died. 

Wikszemski:    Diss.,    Dorpat,    1875.  Nevins:   Assoc.   M.   J.,   1853,   1069, 

Compare  with  nicotin.  4  children,  1  died.     Grahame:  Med. 

MVibmer:   "Wirkung,"   etc.,   iv.,  Times   and    Gaz.,    1858,    xvi.,   241, 

3;   2  men,  both  died  (Vanderwiel);  several   persons,  1   died.     Appleton 

3  French  prisoners,  2  died;  36  sol-  (Guppy):  Brit.  M.  J.,  1861,  i-,  293, 

diers,   1   died   (Rochard);  a  family,  4    sailors,    2    died.     Baume:    Med. 

all  recovered   (Charles) ;  3  soldiers.  Times  and   Gaz.,   1862,   ii.,  263,  8 

all  died  (Dunal);  3  sailors,  1  died;  persons,   1   died.     Bloc:  Montpelier 

5  soldiers,  3  died  (Reveill^-Parise) .  m6d.,    1872,   343,   several  ladies,  2 
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and  its  expressed  juice  was  the  agent  employed  in  one  of  the  two 
recorded  instances  of  homicidal  oenanthe  poisoning,  in  which  a 
gardener  destroyed  a  rival  by  the  administration  of  some  ounces 
of  the  juice  in  wine.'  A  woman  was  convicted  of  an  attempt  to 
murder  her  husband  by  preparing  for  him  a  soup  containing 
slices  of  the  root.^ 

Gerding  in  1848^  obtained  from  CEnanthe  fistulosa  a  resinoid 
substance  to  which  he  gave  the  name  osnanthin,  which  was 
probably  a  less  perfectly  purified  form  of  the  cenanthotoxin 
obtained  byPohl  from  CEnanthe  crocaio,' which  is  a  dark-brown, 
semi-solid  resin,  soluble  in  methylic,  ethylic,  and  amylic  alcohols, 
chloroform,  ether,  and  benzene,  but  insoluble  in  petroleum 
ether,  water,  or  cold,  dilute  acids  or  alkalies,  a  few  milligrams 
of  which  cause  severe  spasms  and  death  in  frogs,  and  similar 
manifestations  in  rabbits  in  doses  of  0.02  gm. 

The  symptoms  of  oenanthe  poisoning  as  described  by  Bamp- 
ton  in  his  account  of  three  cases  of  varying  intensity^  are  as 
follows:  All  three  continued  their  usual  avocation  without 
inconvenience  for  from  three-quarters  of  an  hour  to  an  hour. 
One  man  experienced  a  burning  sensation  in  the  nose  from  con- 
stant eructation  and  spitting  of  thick  stuff,  the  limbs  became 
weak,  and  there  were  muscular  contractions,  with  tremors  in 
the  Hmbs  and  joints.  He  drank  some  rum,  after  which  he  felt 
better  and  experienced  no  further  inconvenience.  The  second 
man  became  giddy  and  cold,  had  tremors  in  the  limbs,  could 
not  see,  although  he  could  hear,  and  was  unconscious  for  half 
an  hour.  On  regaining  consciousness  he  suffered  from  pain  in 
the  head,  and  a  twisting,  grinding  pain  in  the  stomach.  A 
thick  phlegm  accumulated  at  the  back  of  the  throat.  He  did  not 
vomit  until  melted  butter  was  given  him,  two  hours  after  the 
ingestion.  Three  hours  later  the  pupils  were  normal,  the  con- 
junctivae highly  injected,  the  pulse  fair,  and  the  extremities 
cold.    He  moaned  and  expectorated  constantly.     The  next  day 

died.    Foss:     Practit.,     London,  'Friedreich's    Bl.    f.    ger.    Med., 

we,  xvu.,  248,  9  children,  3  died.  1856,  vii.,  5  Hft.,  77. 

Bampton:    Lancet,    1881,    i.,    823,  ^  Toulmouche:      Gaz.     m6d.     de 

lour  instances:    27,  sailors  4  died;  Paris,  1846,  i.,  18. 

xT^'t.^  died;  8,  2  died;  and  3,  1  =  J.  f.  prakt.  Chem.,   1848,  xliv., 

aied.    Pharm.  J.,  1904,  4  s.,  xvii.,  175. 

»4i,   several   persons,    mistake   for  ^  Arch.  f.  exp.  Path.  u.  Ph.,  1894, 

watercress,  no  deat'hs.  xxxiv.,  259. 

«  Lancet,  1881,  i.,  823. 
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he  was  drowsy  and  suffered  no  pain  except  in  the  eyeballs;  the 
cornese  were  dull,  the  conjunctivae  injected,  and  objects  ap- 
peared less  than  their  natural  size.  During  the  next  two  days 
he  expectorated  rusty,  viscid  sputa,  and  was  discharged  after 
three  days.  The  third  man,  while  walking,  fell  as  if  shot,  with 
sufficient  violence  to  cause  a  scalp  wound,  beneath  which,  how- 
ever, there  was  no  injury  to  the  skull.'  He  cried  out  as  he  fell, 
immediately  vomited  a  quantity  of  green  stuff,  and  became 
green  in  the  face.  A  quantity  of  thick  mucus  produced  foam 
at  the  mouth,  and  the  man  was  unconscious  and  unable  to 
swallow.  The  hands  were  clenched,  and  there  were  spasmodic 
contractions  of  the  muscles  of  the  legs  and  face.  When  seen 
by  Bampton,  five  hours  after  the  ingestion,  he  was  unconscious, 
with  widely  dilated  pupils,  the  pulse  perceptible,  and  the  res- 
piration slow  and  impeded  by  the  accumulation  of  thick  mucus, 
which  filled  the  mouth  and  throat  and  covered  the  beard.  The 
muscular  system  was  relaxed,  with  occasional  spasmodic  twitch- 
ings.  He  died  fifteen  minutes  later  of  asphyxia.  In  other  re- 
ported cases  the  convulsions  appear  to  have  been  more  violent. 
The  most  noteworthy  post -mortem  appearance  is  the  ac- 
cumulation of  thick,  viscid  mucus  which  fills  not  only  the  pharynx 
and  larynx,  but  also  the  finer  bronchi. 

^THUSA    CyNAPIUM. 

It  is  doubtful  whether  this  plant  (fool's  parsley)  is  poisonous. 
Thomas'  relates  the  poisoning  of  three  children,  one  fatally, 
said  to  have  been  caused  by  their  eating  the  bulbs  in  mistake 
for  turnips.  Gmelin^  refers  to  the  death  of  a  boy  of  six  years 
who  died  after  having  eaten  the  plant  in  mistake  for  parsley. 
Stevenson^  attributes  symptoms  of  poisoning  in  two  ladies  to 
their  having  eaten  fool's  parsley  in  a  salad.  Tott*  practically 
supposes  that  the  non-fatal  poisoning  of  a  woman  was  caused 
by  this  plant.  On  the^  other  hand,  Harley"^  concludes  from  his 
experiments  and  observations  that  this  plant  is  absolutely  free 
from  the  noxious  properties  attributed  to  it. 

•  London  Med.  Times,  1S45,  xii.,  ^  Jahrb.  d.  ges.  Staatsarznk.,  1839, 

408.  v.,  183. 

-  "  Allg.  Gesch.  d.  Pflanzengifte,"  ^  St.  Thomas  Hosp.  Rep.,  1879,  n. 

18(«,  571.  s.,  X.,  257. 

'London  M.  and  Phys.  J.,  1S33, 
xiv.,  425. 
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SiUM  Latifolium. 

The  common  water-parsnip,  which  grows  in  Europe  and 
the  United  States,  as  well  as  other  species  of  the  same  genus, 
S.  lineare,  Carsonii,  angustifolium,  are  poisonous.  Little' 
has  reported  the  fatal  poisoning  of  a  boy  of  sixteen  years  who  ate 
a  piece  of  the  root  of  the  size  of  a  large  almond.  In  one  hour  he 
experienced  nausea,  vomited,  and  had  a  convulsion,  after  which 
he  never  spoke  nor  showed  any  signs  of  consciousness.  When 
seen  by  Little  he  had  had  three  convulsions  of  about  three  min- 
utes' duration  each,  was  wet  with  perspiration,  the  head  hot, 
the  body  cold,  the  pulse  60,  full  and  strong,  the  respiration 
stertorous,  the  pupils  dilated  and  responding  slowly  to  light. 
There  were  feeble  efforts  of  deglutition  on  touching  the  fauces, 
and  the  muscles  were  in  tonic  contraction  with  the  arms  drawn 
toward  the  middle  of  the  body.  Spasms  succeeded  each  other 
every  few  minutes,  at  first  violently  clonic,  diminishing  in 
violence  with  each  convulsion,  until  they  became  mere  tremors. 
The  last  spasm,  the  twelfth,  was  purely  tonic,  and  during  its  con- 
tinuance the  pulse  and  respiration  ceased  and  the  patient  died, 
two  and  a  half  hours  after  the  ingestion.  Two  other  boys  who 
merely  masticated  the  root  without  swallowing  it  suffered  from 
sore  mouth  for  four  days. 

Phillips^  has  reported  the  poisoning  of  three  children,  one 
fatally,  apparently  by  Sium  aquaticum,  in  which  the  symp- 
toms were  similar  to  those  described  above. 

GELSEMIUM— GELSEMIN— GELSEMININ. 

That  the  root  of  the  yellow  or  Carolina  jessami^ie  (or  jas- 
miney  yielded  to  alcohol  a  principle  having  medicinal  virtues 
was  accidentally  discovered  by  a  Mississippi  planter.  A  few 
years  later  (1852)  Proctor,  who  obtained  most  of  his  informa- 
tion from  "eclectic"  publications,  published  an  account  of  its 
therapeutic  effects.*  In  1855  Kollock  separated  an  alkaloid  in 
a  partially    purified    condition,    which    he    called    gelseminia} 

'Clinic.  Cincin.,  1874,  vii.,  49.  drug  see   Holmes:  Ph.   J.   and  Tr., 

'Tr.   Maine    Med.    Assoc,    1889,       1K76,  3  s.,  vi.,  481,  521,  561,  601. 
X-,  147.  lAm.    J.    Pharm.,     1S52,    xviii., 

^For  an  excellent  account  of  this      307. 

=  Ibid.,  1855,  xxvii.,  203. 
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In  1870  Wormley'  obtained  from  gelsemium  an  acid,  gelsemic 
acid,  which  is  non-poisonons,  and  an  amorphous  alkaloidal 
product,  gelsemin.  Gerrard,^  in  1882,  showed  that  the  gel- 
semin  obtained  by  his  predecessors  was  not  a  pure  product,  and 
separated  the  substance  to  which  the  name  gelsemin  now  prop- 
erly applies,  as  a  crystalline  alkaloid  forming  crystalUne  salts. 
Thompson^  verified  the  work  of  Gerrard,  and  separated  a 
second  alkaloid,  gelseminin,  which  is  amorphous  and  forms 
amorphous  salts. 

Gelsemin — Cs^HggN^Oij  (Thompson),  C^gHjjNsOij  (Cush- 
ny*)  forms  a  white,  dry,  amorphous,  highly  alkaline,  bitter 
mass,  insoluble  in  water,  or  small  white  crystals  fusible  at  154° 
-155°  (309°-311°  F.),  easily  soluble  in  alcohol,  chloroform, 
and  ether,  ^  most  of  whose  salts  are  crystalline,  the  chlorid  and 
bromid  difficultly  soluble  in  water.  The  alkaloid  is  known 
pharmaceutically  in  England  as  "  Gelsemin  (Gerrard) "  and  in 
Germany  as  "  Kristallisirtes  Gelseminin,"  "Gelseminum  puriss. 
cryst.,  Merck."  The  analyses  of  Spiegel*  do  not  agree  with 
those  of  Cushny.  They  were  made  from  crystalline  compounds 
of  a  non-crystalline  base  or  bases  obtained  from  Trommsdorff's 
"gelseminin." 

Gelseminin — C^2H47N304?  (Cushny),  a  colorless,  amor- 
phous base,  which  turns  light  yellow  on  contact  with  acids.  It 
is  sparingly  soluble  in  water,  easily  soluble  in  alcohol,  ether, 
and  chloroform.  Its  salts  are  amorphous,  yellowish,  and  very 
soluble  in  water  and  in  alcohol. 

Cushny's  experiments  show  gelseminin  to  be  much  more 
active  physiologically  than  gelsemin.  Both  alkaloids  exist  in 
the  pharmaceutical  preparations. 

Ford  and  Crow'  have  investigated  the  Gelsemium  elegans, 
which  is  said  to  be  frequently  used  in  China  as  an  agent  of 
criminal  poisoning,  and  have  found  it  to  contain  a  tetanizing 
alkaloid,  which  differs,  however,  from  gelsemin  in  its  color 
reactions. 


»  Ibid.,  1870,  3  s.,  xviii.,  1.  '  Merck:    Bericht,    1891,    ex   Ph. 

^  Ph.  J.  and  Tr.,  18S2,  3  s.,  xiii.,  Jhrber.,  1891,  539. 

602,  641.  «  Berichte,     Berlin,    1893,    xxvi., 

'Ibid.,  1887,  3  s.,  xvii.,  606,  805.  1054.     Goeldner:    Ch.  Cblt.,  1906, 

*  Arch.  f.  exp.  Path.  u.  Ph.,  1802,  i..  111. 

xxxi.,  53.  'Ph.  J.  and  Tr.,  1887,  3  s.,  xvii., 

924.  * 
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Gelsemic  Acid  (^sculin?)  —  (^sculin  =  C,5H,eO„l JH^O, 
Liebermann).— In  1876  Robbins^  and  Sonnenschein^  obtained 
from  gelsemium  products  similar  to  those  previously  obtained 
by  Wormley,  but  considered  gelsemic  acid  to  be  identical  with 
Mscvlin,  a  glucosid  obtained  from  horse-chestnut,  and  showed 
many  points  of  similarity  between  the  two,  including  similar 
chemical  composition.  This  view  was  also  entertained  by 
Schwarz.^  Wormley*  has,  however,  pointed  out  certain  dif- 
ferences, which  indicate  that  the  view  of  Dragendorff,  imphed 
if  not  expressed,^  that  the  two  substances,  although  closely  re- 
lated, are  not  identical,  is  the  correct  one. 

According  to  Wormley,  gelsemic  acid  is  a  colorless,  odor- 
less, nearly  tasteless  solid,  which  readily  crystallizes  either  in 
groups  of  prisms  or  in  tufts  and  single  needles,  or  in  minute 
plates  and  scales.  It  has  only  a  feebly  acid  reaction,  and  forms 
definite  salts  with  but  few  metals.  When  gradually  heated  to 
about  163°  (325°  F.)  it  fuses  to  a  clear  liquid,  which  may  be 
vaporized  without  change  of  color  or  composition.  [.^Esculin  is 
decomposed  by  heat  into  sesculetin  and  sugar.]  If  its  vapors  be 
received  upon  a  warm  glass  slide,  they  condense  to  brilliant 
crystals,  which  may  also  be  obtained  by  heating  a  srnall  portion 
of  tlie  acid  in  a  reduction  tube.  Gelsemic  acid  is  readily  solu- 
ble both  in  ether  and  in  chloroform.  In  ether  of  sp.  gr.  0.728 
one  part  of  the  acid  quickly  dissolves  in  300  parts  of  the  fluid. 
[jEsculin  does  not  dissolve  at  all  in  absolute  ether,  and  only 
very  sparingly  in  ordinary  ether,  ^sculetin  is  insoluble  in  ether.] 
It  is  freely  soluble  in  alcohol.  Water  at  the  ordinary  tempera- 
ture dissolves  one  part  of  the  acid  in  2,912  of  the  solvent.  Its 
solubility  is  greatly  increased  by  the  presence  of  traces  of  color- 
ing matters  or  of  gelsemin.  It  is  more  soluble  in  hot  water,  from 
which  it  is  deposited  in  crystals  on  coohng.  [jEsculin  dissolves 
in  9  parts  cold  alcohol  (sp.  gr.  0.798),  in  672  parts  of  cold  water, 
and  in  12J  of  boiling  water. 

Almost  all  of  the  gelsemium  poisonings  which  have  been  re- 
ported have  been  accidental.  Of  forty  cases  which  have  been 
reported  there  are  but  five  in  which  the  responsibility  for  ad- 

'Diss.,  Berlin,  1876;  Ph.  Jahrb.,  1;  Ihid.,  1882,  4  s.,  xii.,  337;  "Mi- 

1876,  152.  cro-Chem.  Poisons,"  2d  ed.,  691. 
'Berichte,  Berlin,  1876,  ix.,  1182.  =  "Ermitt.  v.  Giften,"   4te  Aufl., 

'Diss.,  Dorpat,  1882.  183.     See  also:  Schmidt:  Ch.  Cblt., 

Am.  J.  Ph.,   1870,   3   s.,   xviii.,  1898,  ii.,  635. 
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ministration  has  been  questioned.  In  two  instances  the  poi- 
soning (in  one  case  fatal)  was  caused  by  the  use  of  gelsemium 
preparations  by  empirics.'  A  man  of  thirty-five  years  was 
fatally  poisoned  by  a  glassful  of  the  tincture,  dispensed  in  mis- 
take for  whisky  at  a  botanic  drugstore  where  both  commodi- 
ties were  sold.^  A  physician  was  tried  for  manslaughter  in 
1862,  he  having  administered  thirty-five  drops  of  the  tincture  to 
a  negress  of  twenty-five  to  thirty  years,  with  her  knowledge 
and  consent,  "with  a  view  to  investigating  its  physiological 
action."  She  died  within  two  hours.'  A  Chinese  woman  was 
convicted  of  the  murder  of  her  "husband"  in  England  in  1908.* 
Symptoms. — An  instance  of  almost  fatal  poisoning  by 
gelsemin  (gelsem.  sulf.,  Merck)  is  reported  by  Fronmiiller:^  A 
boy  of  fifteen  years,  suffering  from  chronic  nervous  laryngitis, 
received  0.36  gm.  in  divided  doses.  The  pupils  dilated  widely, 
the  vision  became  indistinct,  and  the  patient  became  weak  and 
suffered  from  frontal  headache.  In  going  to  the  closet  he  fell 
unconscious,  with  pale  face,  glassy,  fixed  eyes,  slow,  snorting 
respiration,  and  trismus.  The  pulse  rose  from  80  to  130,  and 
the  skin  was  cold.  In  spite  of  treatment,  the  face  became  paler, 
the  extremities  colder,  the  pulse  slower  and  weaker,  and  the 
respiration  more  and  more  infrequent.  On  resort  being  had  to 
artificial  respiration  he  gradually  improved  and  finally  recovered. 
Parsons^  has  given  a  description  of  the  effects  in  himself  of 
accidentally  swallowing  a  drachm  of  the  fluid  extract:  in  a  few 
minutes  there  were  giddiness,  nausea,  strabismus,  paralysis 
of  the  muscles  of  the  mouth  and  throat,  and  muffled  speech. 
The  eyelids  dropped,  and  deglutition  became  impossible.  The 
voluntary  muscles  were  entirely  unimpaired,  and  sensation  and 
consciousness  were  perfect.  Then  there  were  praecordial  op-, 
pression  and  difficulty  of  respiration,  which  latter  increased 
rapidly,  the  inspiration  being  short  and  rapid,  followed  by  three 
or  four  long  gasps.  The  respiration  apparently  ceased,  he  be- 
came livid,  rolled  in  agony,  felt  himself  becoming  stiff,  and 
then  lost  consciousness  entirely.     As  he  regained  consciousness 

'Pinkham:  Boston  M.  and  S.  J.,  of  Dr.  E.  A.   Lodge,  etc.,  Detroit, 

1871,  Ixxxiv.,  89.     Hall:  Med.  Rec,  1862.]     Also  Lancet,   1878,  i.,  892. 

N.  Y.,  1882,  xxi.,  65.  *  Bell:  Lancet,  1908,  i.,  717. 

^Merrill:     Memphis    M.     Recdr.,  '^  Memorab.,      Heilbronn,      1878, 

1856,  iv.,  38;  1858,  vi.,  197.  xxiii,,  195. 

'"The  legaKty  of  drug  provings  °  Lancet,  1878,  i.,  953. 
recognized."    [Report    of    the    trial 
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he  saw  myriads  of  stars,  and,  although  he  recovered  gradually, 
the  paralysis  of  the  mouth,  the  muffled  speech,  and  the  dropping 
of  the  eyehds  continued  for  some  hours.  Up  to  loss  of  con- 
sciousness the  pulse  had  remained  regular  and  full.  The  symp- 
toms were  greatly  aggravated  by  movement  or  touching  of  the 
head,  or  by  any  apphcation  to  the  lips,  which  caused  spasms 
almost  hydrophobic  in  intensity.  There  was  no  vomiting  and 
little  loss  of  voluntary  motion.  The  left  side  was  more  para- 
lyzed than  the  right.  Recovery  was  rapid  after  return  of  con- 
sciousness (two  and  a  half  hours  after  the  accident),  and  the 
most  marked  symptom  was  a  persistent  and  depressing  numb- 
ness in  the  occipital  region,  which  lasted  for  some  hours.  The 
muscles  of  respiration  seemed  to  have  been  paralyzed,  but  the 
epiglottis  was  the  part  most  affected.  In  Davis'  fatal  case'  of  a 
man  who  died  in  two  and  a  half  hours  after  having  taken  a 
tablespoonful  of  Tilden's  fluid  extract,  the  face  became  con- 
gested, the  pupils  dilated  but  sensitive  to  light,  the  lids  half 
closed,  with  inability  to  move  them,  the  lower  jaw  dropping, 
the  tongue  thickened,  the  skin  warm  and  moist,  the  pulse  small 
and  feeble,  and  the  respiration  diminished  in  frequency.  There 
was  neither  vomiting  nor  purging.  Later  the  respiration  be- 
came spasmodic,  the  surface  cold,  and  the  pulse  imperceptible. 
In  Harris'  case^  a  boy  of  eighteen  months  retched  and  vomited 
about  fifteen  minutes  after  having  taken  about  thirty  drops  of 
the  fluid  extract.  He  was  difficult  to  arouse,  and  entered  into 
profound  stupor,  with  dilated  pupils,  which  continued  until  he 
died,  three  hours  after  the  accident.  An  infant  of  two  years 
was  given  twenty-one  drops  of  the  fluid  extract  by  mistake,  and 
soon  sank  into  a  deep  slumber  from  which  it  never  awoke.^ 
Seymour  has  reported  the  fatal  poisoning  of  an  alcoholic  by 
repeated  doses  of  the  tincture,  taken  to  quiet  his  nerves  after 
drinking.'' 

'  Am.  J.  M.  Sc,  1867,  n.  s.,  liii.,  321.     Goss:    Ibid.,     1879,    ci.,     16. 

2'1-  Hardin:  Richm.  and  Louisville  M. 

'Chicago   M.    Jour.,    1868,   xxv.,  J.,  1873,  xv.,  621.     Freeman:  Lan- 

'60-  cet,     1873,    ii.,    475.     Hills:    Ibid., 

N.  Car.  M.  J.,  1879,  iii.,  67.  1878,  i.,  858.     Blake:  N.  York  M. 

'Boston  M.  and  S.  J.,  1881,  cv..  Jour.,     1875,     xxxi.,     366.     Court- 

5J0.    For  other  cases  not  referred  to  right:  Cine.  Lancet  and  Clin.,  1876, 

above  see  Hall:  M.  and  S.  Reptr.,  xix.,     961.       Sinkler:      Phila.      M. 

•rnila.,  1861,  n.  s.,  v.,  366.     Main:  Times,    1877-78,    viii.,    150;    Ibid., 

Boston  M.  and  S.  J.,   1869,  Ixxx.,  1881,  xi.,  382.     Testi:  Raccog.  lit. 

iSo.    Boutelle:    Ibid.,    1874,    xci.,  med.,    Forli,    1883,    4    s.,    xx.,    301 
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The  average  duration  of  13  fatal  cases  was  3J  hours;  the 
extremes  being  1  hour  (Freeman,  Hatfield),  and  7^  hours 
(Wormley),  or  6^  hours  (Seymour).  The  mortality  of  reported 
cases  is  somewhat  less  than  fifty  per  cent.,  15  deaths  in  37  cases. 

Treatment. — The  stomach  should  be  promptly  evacuated 
and  washed.  A  tendency  to  arrest  of  respiration  is  to  be  met 
by  hypodermics  of  stimulants  and  by  inhalation  of  pure  oxygen 
if  it  be  available.  The  patient's  head  should  on  no  account  be 
thrown  back,  nor  should  he  be  placed  in  the  prone  position,  to 
avoid  asphyxia  by  the  paralyzed  epiglottis  (Parsons).  If  resort 
to  artificial  respiration  become  necessary,  the  Michigan  method' 
should  be  selected.  The  supposed  antagonism  between  gelsemin 
and  strychnin  does  not  exist,  and  atropin  and  physostigmin 
hasten  the  advent  of  paralysis.  Even  alcohol  and  ammonia  are 
said  to  be  of  no  avail  in  the  treatment.^ 

Post-mortem  Appearances. — These  have  been  observed, 
so  far  as  we  can  learn,  in  but  one  case  within  a  reasonable 
period  after  death. ^  The  cadaver  of  a  man  of  twenty-four 
years,  five  and  a  half  hours  after  death.  Blood  dark  and  fluid, 
without  tendency  to  coagulate  or  to  become  brighter  on  ex- 
posure to  air.  Heart,  spleen,  lungs,  kidneys  normal.  Liver 
dark  and  congested.  Stomach  contains  four  ounces  of  light- 
colored  liquid  and  mucus,  its  surface  marked  with  numerous 
injected  vessels.  Intestines  normal.  Brain  pale,  sinuses  not 
congested;  no  fluid  in  ventricles,  a  few  punctiform  red  dots  on 
section  of  the  brain  substance.  These  appearances  show  noth- 
ing characteristic. 

Detection. — In  the  systematic  process  for  vegetable  poisons 
gelsemic  acid  (and  sesculin)  pass  from  the  acid  aqueous  solution 
into  chloroform,  and  also  to  some  extent  into  benzene;  and  gel- 
semin (a  mixture  of  gelsemin  and  gelseminin)  from  the  alka- 
line aqueous  solution  into  benzene  and  chloroform,  and  in 
minute  quantity  into  petroleum  ether.     In  cases  of  supposed 


(white  jasmine).     Jepson:  Brit.  M.  tic  M.  J.,  Cine,  1879,  xxxix.,  222, 

J.,   1891,  ii.,  644.     Wormley:  "Mi-  is  questionable. 

cro-Chem.    Poisons,"    2d    ed.,    6.S7,  '"Wood's     Ref.     Handb.     Med. 

688.     See  also:    Raimondi:   Salute,  Sc.,"  1st.  ed.,  i.,  379. 

Ital.  med.,   Genova,  18S5,  xix.,  37,  ^  See    Husemann:    Penzoldt   and 

86,     and     Rehfuss:    Therap.     Gaz.,  Stintzing,    "Handb.   d.  sp.  Ther.," 

1885,  3  s.,  i.,  655.     Davison:  Eclec-  ii.,  285. 

^  Boutelle:  Loc.  cit. 
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poisoning  by  gelsemium  the   alkaloid   is    consequently  to   be 
sought  in  residues  VI.  VII. /  and  the  acid  in  residue  III. 

Reactions  of  Gelsemin. — 1.  Concentrated  sulfuric  acid 
dissolves  gelsemin,  forming  a  solution  which  is  either  colorless 
or  yellowish,  reddish  or  brownish,  according  to  the  degree  of 
purity  of  the  alkaloid.  If  now  a  fragment  of  eerie  oxid  or  man- 
ganic oxid  be  drawn  slowly  through  the  liquid,  after  complete 
solution,  a  reddish-purple  or  cherry-red  color  is  produced,  while 
the  Hquid  becomes  green  or  bluish-green.  Potassium  dichro- 
mate  or  lead  peroxid  may  be  used  in  place  of  either  of  the  oxids 
mentioned.  If  the  sulfuric-acid  solution  have  been  heated,  the 
reaction  is  not  produced  on  the  addition  of  the  oxidant;  but  if 
the  acid  be  neutralized  with  barium  hydroxid  and  the  mixture 
extracted  with  ether,  this  on  evaporation  leaves  the  alkaloid, 
which  responds  to  the  reaction.     (See  Strychnin,  Detection.) 

2.  If  the  residue  be  mixed  with  strong  sugar  solution,  and 
sulfuric  acid  be  then  added,  a  red  color  is  produced.  Strychnin 
is  not  so  colored. 

3.  Nitric  acid  dissolves  the  alkaloid  and  its  colorless  salts 
with  little  or  no  color,  but  the  solution,  on  spontaneous  evapora- 
tion, leaves  a  permanently  bluish-green  residue. 

4.  According  to  Dragendorff,  iodo-potassium  iodid,  bromo- 
potassium  bromid,  phosphomolybdic  acid,  phospho-tungstic 
acid,  potassium  iodhydrargyrate,  and  potassium  cadmium  iodid 
produce  precipitates  in  solution  of  0.00025  gm.  of  the  alkaloid 
in  1  CO.  of  acidulated  water;  auric  chlorid  and  mercuric  chlorid 
in  similar  solutions  of  0.005,  and  picric  acid  in  0.001  per  c.c. 

5.  With  the  Brouardel-Boutmy  reaction  (ferric  chlorid  and 
ferricyanid)  gelsemin  gives  an  intense  green  color.  Strychnin 
does  not  react. 

6.  Sulfovanadic  acid  produces  a  purple  or  red-violet  color. 

7.  With  iodic  acid  in  sulfuric  acid  gelsemin  (strychnin  also) 
gives  a  rose-red  color. 

8.  If  a  preparation  of  gelsemium,  or  "gelsemin"  prepared  by 
Wormley's  or  Robbins'  methods  (gelsemin  plus  gelseminin),  be 
injected  into  a  frog,  loss  of  sensibility,  want  of  co-ordination, 
paralysis  of  motor  power,  and  finally  death  result.  The  sen- 
sory ganglia  are  first  attacked,  then  the  motor  ganglia,  but  there 
is  no  action  upon  the  muscular  system.     Therefore  loss  of  sensa- 

'  See  p.  163. 
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tion  always  precedes  that  of  motion.  But  with  warm-blooded 
animals  the  reverse  order  is  observed;  the  motor  gangha  are 
first  attacked  and  the  sensory  afterward.  Tetanic  manifesta- 
tions are  not  produced.'  Bordoni^  gives  respiration  tracings 
showing  that  in  the  frog  "gelsemin"  and  scillain  similarly  pro- 
duce, after  a  period  of  irregular  action,  a  periodically  inter- 
rupted respiration,  without  any  fixed  relation  between  the  dura- 
tions of  the  respiratory  and  apnoeic  periods.  The  frog  is,  how- 
ever, not  remarkably  susceptible  to  the  action  of  "gelsemin:" 
0.0005  gm.  causes  respiratory  paralysis,  but  even  with  0.001 
gm.  cardiac  paralysis  is  not  produced  (Dragendorff) . 

Cushny^  has  found  that  gelsemin  ^nd  gelseminin  differ 
markedly  in  the  Intensity  and  nature  of  their  action  upon  frogs. 
The  former,  in  closes  of  10  and  20  mgm.,  produces  marked  in- 
crease in  reflex  sensibility,  opisthotonus,  and  intense  tonic 
spasms,  but  not  death.  Gelseminin  causes  paralysis  of  the  cen- 
tral nervous  system,  which  begins  without  any  previous  excite- 
ment and  progresses  from  the  brain  to  the  cord,  and  a  curare- 
like paralysis  of  the  motor  nerves.  The  respiration  is  slow  and 
shallow  and  is  arrested,  the  head  trembles  with  every  move- 
ment, and  there  is  muscular  relaxation.  Marked  effects  are 
produced  with  0.001  gm.,  and  death  with  0.002  gm. 

Reactions  of  Gblsemic  Acid. — These,  as  given  by  Worm- 
ley,  are  substantially  as  follows:  1.  Nitric  acid  dissolves  it, 
forming  a  yellow  or  reddish  solution,  which,  on  addition  of 
ammonium  hydroxid  in  excess,  acquires  a  permanent  deep 
blood-red  color,     ^sculin  gives  the  same  reaction. 

2.  Sulfuric  acid  slowly  dissolves  pure  gelsemic  acid,  form- 
ing a  yellow  solution,  which  is  unchanged  by  a  moderate  heat. 
If  the  acid  be  impure  the  solution  may  have  a  reddish  color, 
which  is  changed  to  deep  brown  by  a  moderate  heat.  jEscuhn, 
when  pure,  quickly  dissolves  to  a  yellow  solution  in  sulfuric 
acid,  and  soon  becomes  brown  and  charred  when  moderately 
heated.  If  a  fragment  of  potassium  dichromate  be  added  to  the 
sulfuric  solution  of  gelsemic  acid,  green  oxid  of  chromium 
quickly  appears. 

3.  If  a  drop  of  aqueous  ammonia  be  allowed  to  flow  into  a 

'  Ott:  Phila.   Med.   Times,    1874^  ^  gon.   d.  Soc.  tra  i  cult.  d.  sc. 

75,   v.,  689.     Moritz:  Arch.  f.  exp.  med.,  Sienna,  1886,  iv.,  1. 

Path.   u.  Ph.,   1879,  xi..  299.  ^  Arch.  f.  exp.  Path.  u.  Ph.,  1892, 

Schwarz:   Diss.,   Dorpat,    1SS2.  xxxi,,  55. 
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drop  of  the  sulfuric-acid  solution  of  gelsemic  acid,  the  latter 
immediately  separates  as  a  mass  of  crystalline  needles.  ^Escu- 
lin  does  not  respond  to  this  test. 

4.  Hydrochloric  acid  fails  to  dissolve  or  act  upon  gelsemic 
acid,  even  when  heated  to  100°  (212°  F.).  jEsculin  is  readily 
soluble  in  this  acid. 

5.  Ammonia  and  the  fixed  alkalies  cause  gelsemic  acid  to 
assume  an  intense  yellow  color,  and  quickly  dissolve  it  to  solu- 
tions having  very  striking  fluorescent  properties,  even  whan 
highly  diluted.  When  the  solution  is  examined  by  transmitted 
light,  it  has  a  yellow  color;  under  reflected  light  a  deep  bluish 
appearance,  and  under  condensed  sunlight  an  intense  blue  color 
along  the  path  of  the  condensed  rays.  The  fluorescence  is  still 
manifest  in  solutions  containing  1:100,000  of  the  acid.  It  is 
quickly  destroyed  by  free  acids.  jEsculin  behaves  in  the  same 
manner.  Solutions  of  quinin  salts  are  colorless  and  fluorescent 
in  the  presence  of  free  acid,  but  their  fluorescence  is  destroyed 
by  alkalies. 

6.  Solutions  of  gelsemic  acid  form  precipitates  with  lead 
acetate,  dirty  yellow,  amorphous,  soluble  in  acetic  acid,  soon 
replaced  by  crystalline  needles,  1:1000;  mercuric  chlorid,  yel- 
lowish-white, from  which  crystals  of  the  acid  separate,  1 :  1000; 
silver  nitrate,  brownish-yellow,  soon  becomes  bluish-black  or 
purplish,  1:50,000;  copper  sulfate,  dirty-brown  precipitate  in 
tolerably  strong  solutions,  soon  becomes  dull  red,  crystals  of  the 
acid  separate  after  a  time;  auric  chlorid,  strong  solutions,  a 
deep  blue  deposit  which  soon  becomes  green. 

7.  When  the  acid  is  cautiously  heated  in  a  subliming  cell  it 
condenses  in  the  form  of  brilliant  transparent  crystals.  Only  a 
minute  quantity  of  the  acid  should  be  used,  and  the  condensing 
surface  should  be  warm.  The  sublimate  may  be  dissolved  in 
nitric  acid  and  excess  of  ammonia  added,  when  an  orange  or 
red  color  is  developed.'     ^Esculin  behaves  similarly. 

According  to  Schwarz,^  gelsemin  is  not  decomposed  during 
putrefaction,  and  gelsemic  acid  (sesculin)  only  when  the  reac- 
tion is  alkaline.  Gelsemin  is  detectable  in  the  urine  several 
days  after  the  ingestion  of  a  single  dose. 

'Holmes:  Ph.  J.  and  Tr.,   1876,  '  Loc.  cit 

^  s.,  VI.,  601.     Wormley:  Op.   cit., 
PI-  XV.,  f.  3. 
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MORPHIN  AND  OPIUM. 

Opium  is  obtained  by  making  incisions  in  the  unripe  heads 
of  the  poppy  (Papaver  somniferum) ,  and  drying  the  juice  which 
exudes.  It  is  a  highly  complex  body,  containing  some  twenty 
or  thirty  constituents,  among  which  are  a  number  of  alkaloids 
combined  with  acetic,  lactic,  and  meconic  acids.  Of  the  twenty- 
one  alkaloids  which  have  been  obtained  from  opium  some  are 
probably  produced  by  the  processes  of  extraction,  and  only 
three,  morphin,  codein,  and  thebain,  are  directly  of  toxicological 


Fig.  35. — Crystals  of  morphin.    From  amylic  alcohol  solution,  X  75. 


interest.  The  remainder  are  either  comparatively  inert  or 
occur  in  extremely  minute  quantity.  Opium  yields  about 
ten  per  cent,  of  morphin,  0.25' to  0.5  per  cent,  of  codein,  and 
0. 15  to  1  per  cent,  of  thebain. 

Morphin — Ci7Hi9N03  +  H,0 — was  the  first  alkaloid  dis- 
covered.' It  crystaUizes  in  colorless,  rhombic  prisms  (Fig.  35), 
which  lose  their  water  of  crystallization  at  100°  (212°  F.),  turn 
brown  at  about  190°  to  200°  (374°-392°  F.),  and  fuse,  with  partial 

■  In  1803    Derosne    (Ann.  chim.,  from    opium.     Pure    morphin    was 

1803,  xlv.,    257),  and   in  1805  Ser-  first  obtained  by  Serturner  in  1817 

turner  and  S^guin  (ibid.,  1805,  xcii.,  (Gilbert's  Ann.,  1817,  Iv.,  61). 
225)    obtained   crystalline   products 
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decomposition,  at  about  230°  (446°  F.).  Morphin  is  very  spar- 
ingly soluble  in  cold  water,  and  soluble  in  400  to  500  parts  of 
boiling  water.  Its  solubility  in  organic  solvents  is  given  by 
Florio'  as  follows,  in  amounts  soluble  in  100  parts  of  the  solvent: 
Absolute  alcohol,  at  10.6°  (57.1°  F.)— 1.132;  at  78°  (172.4°  F.) 
—8.623;  alcohol  of  ninety  per  cent,  at  10 . 6°  (51 . 1°  F.)— 0 .  377 ;  at 
78°  (172. 4° F.)— 2.991;  alcohol  of  seventy-five  per  cent,  at  10.8° 
(51.4°  F.)— 0.223;  at  78°  (172.4°  F.)— 1.985;  amylic  alcohol 
at  11°  (51.8°  F.)— 0.268;  at  78°  (172.4°  F.)— 2.247;  benzene  at 
9.4°  (48.9°  F.)— 0.029;  chloroform  at  9.4°  (48.9°  F.)— 0.040; 
at  56°  (132.8°  F.)— 2.247;  ether  (absolute)  at  10°  (50°  F.)— 
0.023.  It  is  less  soluble  in  aqueous  ether,  but  more  soluble 
in  ether-alcohol.  It  dissolves  in  acetic  ether  to  the  extent  of 
0.19  part  in  100  at  25°  (77°  F.).  All  the  solvents  dissolve 
morphin  more  readily  when  the  alkaloid  is  freshly  precipitated 
than  after  it  has  assumed  the  crystalline  form.  Solutions  of 
morphin  are  Isevogyrous,  alkaline,  and  bitter.  It  dissolves 
readily  in  dilute  acids,  from  which  solutions  it  is  deposited  on 
evaporation  as  the  corresponding  salts.  Solutions  of  the  salts 
of  morphin  are  decomposed  by  the  hydroxids  of  sodium,  potas- 
sium, ammonium,  barium,  and  calcium,  and  by  magnesia;  the 
precipitated  alkaloid  being,  however,  partly  or  completely  re- 
dissolved  by  excess  of  the  precipitant,  unless  it  be  magnesia. 

Morphin  is  a  monacid  base,  possessing  the  functions  of  an 
alcohol  and  those  of  a  phenol,  and  forms  crystalline  salts,  of 
which  the  sulfate,  hydrochlorid,  and  acetate  are  used  in  medicine. 
These  salts  are  readily  soluble  in  water.  It  is  a  strong  reducing 
agent  and  reduces  the  salts  of  gold  and  silver  in  the  cold.  Many 
of  the  reactions  of  morphin  are  based  upon  this  property.  It 
IS  oxidized  by  atmospheric  oxygen  when  it  is  in  alkaline  solu- 
tion, as  well  as  by  nitrous  acid,  potassium  permanganate,  potas- 
sium ferricyanid,  or  ammoniacal  cupric  sulfate,  with  formation 
of  a  non-toxic  derivative  which  has  received  the  names  oxy- 
norphin,  oxydimorphin,  dehydromorphin,  and  pseudomorphin 
(CnHigNOj)^.  When  heated  to  140°. (284°  F.)  with  hydrochloric 
acid  or  with  dehydrating  agents  it  is  converted  into  apomorphin, 
f'lTHnNOj,  by  loss  of  the  elements  of  a  molecule  of  water. 

^  Through  its  phenolic  hydroxyl  morphin  forms  an  acid  ester 
with  sulfuric  acid,  C^HigNOj.O.SOsH,   corresponding  in  con- 

'Beilstein:  "Handb.  d.  org.  Chem.,"  iii.,  550. 
IV.-60 
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stitution  to  the  phenyl  and  other  "conjugate  sulfates"  normally 
formed  in  the  animal  economy.'  It  is  produced  by  the  action 
of  potassium  pyrosulfate  upon  morphin  in  dilute  caustic  potash 
solution. 

CoDEiN,  CijHisNOj.CHg  +  HjO — or  methyl-morphin— crys- 
tallizes in  large  rhombic  prisms,  or  from  ether,  without  water 
of  crystallization,  in  octahedra.  It  is  bitter,  soluble  in  80  parts 
of  cold  water  and  in  17  parts  of  boiling  water;  very  soluble  in 
alcohol,  amylic  alcohol,  ether,  chloroform,  and  benzene,  and 
almost  insoluble  in  petroleum  ether. 

Thebain  =  para7norphin,  CjgHjiNOg,  crystallizes  with  dif- 
ficulty in  prisms  or  needles.  It  is  Isevogyrous,  alkaHne,  has 
a  sharp  taste,  and  is  very  poisonous,  exerting  a  tetanic  action. 
It  is  insoluble  in  water  and  in  petroleum  ether,  soluble  in  10 
parts  of  cold  alcohol,  in  60  parts  of  amylic  alcohol,  in  18  of 
chloroform,  in  20  of  benzene,  and  in  140  of  cold  ether. 

Oxydimorphin,  or  dehydromorphin,  CgJi^^N^^S!  has  been 
shown  by  Polstorff^  to  be  identical  with  the  pseudomorphin  of 
Pelletier^  and  the  oxy morphin  of  Schiitzenberger.^  It  is  formed 
by  oxidation  of  morphin  in  alkaline  solution  by  potassium  ferri- 
cyanid,  etc.,  or  by  exposure  of  ammoniacal  morphin  solutions 
to  air.  It  crystallizes  in  rhombic  plates  or  prisms  with  3  Aq; 
insoluble  in  water,  alcohol,  ether,  or  chloroform;  precipitated 
from  solutions  of  its  salts  by  alkalies,  in  excess  of  which  it  is 
soluble.  It  is  deposited  from  its  ammoniacal  solution  by  heat. 
It  is  practically  non-toxic,  and  has  been  said  to  be  formed  from 
morphin  in  the  system.* 

Meconic  Acid — Pyrone  oxydicarboxylic  Acid,  CsHOjCOH)- 
(C00H)2 — is  peculiar  to  opium,  in  which  it  exists  in  combination 
with  the  alkaloids.  It  crystallizes  in  scales  or  prismatic  needles, 
acid  and  astringent  in  taste,  quite  soluble  in  water,  soluble  in 
alcohol,  sparingly  soluble  in  ether,  almost  insoluble  in  chloroform. 
It  may  be  purified  by  conversion  into  its  lead  salt,  washing  with 
strong  acetic  acid  and  decomposition  by  hydrogen  sulfid.  It 
has  but  little  toxic  action,  being  only  slightly  narcotic  in  large 
doses.  •* 

'See  "Elimination,"  p.  978.  'Bull.   Soc.    ehim.,   Paris,    1865, 

"  Berichte,    Berl.,    1880,   xiii.,   86,  iv.,  176. 

88,  91,  02.  =  See  p.  978. 

^  Ann.  de  chim.  et  de  phys.,  1835,  » Schroff:  Med.  Jhrb.,  Wien,  1869, 

xvi.,  50.  xviii.,  89.     For  reactions  see  p.  998. 
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Preparations  Containing  Morphin  or  Opium. 

Ofl&cial  U.  S.  Ph. — Acetum  opM  =  vinegar  of  opium  =  black 
drop,  contains  100  gm.  of  opium  in  1,000.  Emplastrum  opii  = 
opium  plaster,  contains  ten  per  cent,  of  opium.  Extractum 
opii,  contains  twenty  per  cent,  of  morphin.  Opium,  contain- 
ing not  less  than  nine  per  cent,  of  morphin.  Opium  deodora- 
tom  =  denarcotized  opium,  is  opium  washed  with  benzin,  and  the 
original  weight  restored  by  addition  of  milk-sugar.  Pilulce 
opii  =  opium  pills,  containing  6.5  gm.  opium  in  100.  Pulvis 
i-pecacuanhce  et  opu  =  Dover's  powder,  contains  10  gm.  opium 
in  100.  Pulvis  morphince  compositus  =  Tully's  powder,  con- 
tains 1  gm.  morphium  sulfate  in  60.  Tinctura  ipecacuanha 
et  opii,  of  the  same  strength  as  the  simple  tincture.  Tinctura 
opii  =  laudanum,  made  from  100  gm.  of  opium  for  1,000  of  tinc- 
ture and  contains  1 . 3  to  1.5  gm.  morphin  in  100  c.c.  Tinctura 
opii  comphorata  =  pur egonc,  made  from  4  gm.  of  opium  for 
1,000.  Tinctura  opii  deodorata,  of  the  same  strength  as  the 
simple  tincture.  Trochisci  glycyrrhizce  et  opii,  contain  0.5 
gm.  opium  in  100.  Trochisci  morphince  et  ipecacuanhm,  con- 
tain 0. 16  gm.  morphin  in  100.  Vinum  opii,  of  the  same  strength 
as  the  tincture.  The  acetate,  chlorid,  and  sulfate  of  morphium, 
the  phosphate  and  sulfate  of  codeinum,  and  alkaloidal  morphin 
and  codein  are  also  official.  Majendie's  solution  of  morphin 
{Liquor  Morphince  Hypodermicus,  N.  F.)  contains  0.33  gm.  of 
the  sulfate  in  10  c.c. 

A  great  number  of  proprietory  nostrums  contain  morphin 
or  opium:  Soothing  syrups,  pectoral  syrups,  bronchial  troches, 
cough  remedies,  opium  cures,  cholera  remedies,  pectorals, 
polyforms,  chlorodyne,  etc.  Chlorodyne,  which  has  caused 
many  accidental  and  suicidal  poisonings  in  England  and  not  a 
few  in  this  country,  contains  morphin,  chloral,  chloroform, 
dilute  hydrocyanic  acid  and  tincture  of  cannabis  indica. 

Opium  Poisoning. 

Statistics. — The  poisonous  nature  of  opium  and  of  the 
poppy  was  known  to  the  ancients.  Nicander  (185-135  b.c.) 
gives  a  clear  description  of  the  symptoms  caused  by  a  poisonous 
dose  of  a  "drink  prepared  from  the  tears  which  exude  from 
Poppyheads."     Dioscorides,  three  centuries  later,  remarks  of  the 
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poppy  that  "If  it  be  taken  in  larger  quantity,  it  is  capable  of 
causing  death."  Pliny  (a.d.  70)  speaks  of  the  toxic  power  of 
opium,  and  cites  the  instance  of  Post.  Licinius  Csecina,  who, 
disgusted  with  life  by  protracted  illness,  terminated  his  exist- 
ence by  opium,  an  instance  which  does  not  seem  to  have  been 
singular,  as  the  narrative  concludes  w^ith  "item  plerosque  aHos." 

At  the  present  time,  so  far  as  can  be  judged  from  the  few 
available  tables  of  statistics,  from  thirty-five  to  forty  per  cent, 
of  all  accidental  and  suicidal  poisonings  are  by  opiates.  The 
high  percentage  of  mortality  among  infants  and  young  children, 
as  compared  with  that  among  older  children,  is  unquestionably 
due  in  large  measure  to  the  very  general  use  of  opiates,  either 
in  the  form  of  paregoric  or  laudanum  or  of  various  proprietary 
nostrums,  by  ignorant  and  indolent  mothers  and  nurses.  That 
the  practice  of  "soothing"  infants  with  opiates  is  not  of  recent 
origin  is  shown  by  Pyl  and  Engel's  report,^  in  1793,  of  the  case 
of  a  child  of  four  weeks  which  died  during  the  night  from  the 
effects  of  a  dose  of  "  Requies  Nicolai,"  administered  by  its 
nurse  in  the  evening.  Whether  such  infant  deaths  are  truly 
accidental  or  are  due  to  a  degree  of  negligence  amounting  to 
manslaughter  or  are  even  deliberate  infanticides  is  a  question 
of  intent  which  is  only  indirectly  within  the  province  of  the  ex- 
pert. It  cannot  be  doubted,  however,  that  overdoses  are  fre- 
quently intentionally  given,  particularly  to  illegitimate  children; 
and  modern  imitators  of  that  worthy  precursor  of  Mrs.  Wins- 
low  who,  as  Foddr^  relates,-  disposed  of  the  children  confided 
to  her  care  by  means  of  a  decoction  of  poppies  in  the  latter  part 
of  the  eighteenth  century,  have  plied  the  same  trade  in  more 
modern  times.  We  find  record  of  36  fatal  poisonings  of  infants 
or  young  children  by  infusion  or  syrup  of  poppies,  of  which  eight 
were  homicidal,^  and  the  remainder  more  or  less  unintentional. 
We  find  record  of  but  one  case  in  which  an  opiate  (laudanum) 
was  administered  with  intent  to  cause  abortion,  that  of  a  woman 
who  did  not  abort,  but  died  in  about  forty-five  hours.* 

Homicidal  poisonings  by  the  opiates  or  by  morphin  have 

'Pyl:   "Aufsatze   u.    Beobacht.,"  xvi.,    14.     Winckler:    Ibid.,    p.   35. 

1793,  viii.,  92.  Paul:  Prag.  med.  Wchnschr.,  1893, 

^"M6d.  l^g.,"  1813,  iv.,  20.  xviii.,  197.     Hulsebosch:  Arch.  f.  kr. 

'  Niemann:  Vrtljschr.  f.  ger.  Med.,  Anthr.,  1900,  v.,  176,  two  infants. 
1854,  vi.,  36.     Ibid.,  1865,  n.  F.,  ii.,  *  Bihler:  Deut.  Arch.  f.  kl.  Med., 

109.     Ibid.,  1870,    n.  F.,  xiii.,    193.  1899,  Ixvi.,  485. 
Buchner:  N.  Rept.  f.  Pharm.,  1867, 
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rarely  been  the  subject  of  investigation,  a  fact  for  which  we 
can  assign  no  adequate  cause.  The  deterrent  effect  of  the  bitter 
taste  of  morphin,  to  which  Van  Hasselt/  and  Kobert  refer,^ 
cannot  be  the  true  reason  for  the  infrequency  of  homicidal  mor- 
phin poisoning,  as  strychnin,  which  is  much  more  intensely 
bitter,  has  been  resorted  to  by  the  poisoner  in  more  than  one 
hundred  instances.  We  find  reference  in  the  literature  to  but 
eleven  homicidal  poisonings  of  adults^  by  opiates  other  than 
morphin. 

Five  are  mentioned  by  Christison:*  one  in  1800,  verdict  not  proven; 
one  in  Edinburgh  in  1828,  conviction  for  attempt;  one  in  England  in 
1828,  evidence  insufficient;  one  in  1829,  Rex  v.  Stewart  and  Stewart, 
conviction;  and  one  in  Glasgow  in  1831,  Rex  v.  Byers  and  Byers,  con- 
viction. In  an  English  case  a  man  was  acquitted  in  December,  1860, 
of  an  attempt  to  murder  his  wife  by  strychnin,  but  in  the  following 
March  was  convicted  of  a  similar  attempt  with  laudanum.^  In  1871  a 
man  and  woman  were  committed  for  trial  in  England  for  the  murder 
of  the  wife  of  the  former  by  laudanum."  In  the  case  of  Reg.  v.  Chan- 
.  trelle,  tried  at  Edinburgh  in  1878,  the  defendant  was  convicted  of  the 
murder  of  his  wife  by  opium.  Maclagan  and  Littlejohn  demonstrated 
the  presense  of  morphin  and  meconic  acid  in  stains  of  the  vomit,  but 
not  in  the  cadaver.'  At  Lucerne,  Switzerland,  1893,  a  woman  was 
killed  by  her  husband  with  opium,  after  two  unsuccessful  attempts 
with  oxalic  acid  and  with  strychnin.'  A  man  was  convicted  of  the 
murder  of  his  wife  by  opium  in  Liverpool."  In  England,  in  190.5, 
Madeline  Aspinwall,  a  nurse,  was  committed  for  trial  for  having  mur- 
dered her  mother  and  attempted  suicide  with  laudanum."* 

'"Giftlehre,"  i.,  236.  Ihid.,  1871-2,  3  s.,  ii.,  177,  Reg.  v. 
''"Intoxikationen,"  Ite  Aufl.,552.  Hamilton,  laudanum.     The  defend- 
'  Probably  a  notable  proportion  of  ants  were  women  except  in  one  ease, 
the  "accidental"  deaths  of  infants  and  the  children  mostly  illegitimate, 
and  young  children  are  deliberate  *  "Poisons,"  3d  ed.,  1836,  631. 
murders.     It  is  only  when  the  intent          °  Reg.  v.  Buckle,  Ph.  J.  and  Tr., 
is  obvious  that  such  cases  are  treated  1860-61,  n.  s.,  iii.,  629. 
as   homicides.     English     homicidal          ^  Reg.   vs.  Masson  and  Coleman, 
cases,  reported  during  14  years,  may  ibid.,    1870-71,    3   s.,   i.,    714.     We 
be  cited  as  examples:  Pharm.  J.  and  find    no    further    reference    to    this 
Tr.,  1857-8,  xvii.,  Reg.  v.  Kavanagh,  case.     A    laudanum    poisoning    re- 
laudanum.     Cregeen:  Lancet,  1859,  ported  by  Letheby    (Lancet,   1844, 
1-,  458,  opium.     Pharm.  J.  and  Tr.,  ii.,  317)  was  apparently  homicidal. 
1861-2,    n.    s.,    iii.,    151,    Reg.    v.  '  Smith:  "Trial  of  Eugfene  Mane 
Palethorpe,     laudanum.     Ibid.,     p.  Chantrelle,"  London,  1906. 
292,   Reg.    V.    Torkington,    opium.          'v.  Sury.  Bienz:  Vrtljschr.  f.  ger. 
Ibid.,  1862-3,  n.  s.,  iv.,   43.     Ibid.,  Med.,  1907,  3  F.,  xxxiv.,  262. 
1864-5,  n.  s.,  vi.,  665,  Reg.  v.  Bibby,          »  Pharm.  J.,  1904,  4  s.,  xix.,  874.  _ 
laudanum.     Ibid.,  1869-70,  n.  s.,  xi.,  '» Ibid.,  1905,  4  s.,  xx.,  914,  xxi., 
435,    Reg.    V.    Woodford,     opium.  16. 
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Of  twelve  homicidal  morphin  poisonings  of  adults,  the  earliest 
was  also  the  first  instance  in  which  an  alkaloidal  poison  was 
used,  and  the  last  five  have  occurred  since  1890:' 

1.  Affaire  Castaing,  1823.  A  French  physician  was  convicted  of 
the  murder  of  his  friend  by  morphium  acetate.  The  conviction  was  en- 
tirely upon  lay  evidence,  the  post-mortem  and  analysis  having  fur- 
nished no  positive  indications.^ 

2.  In  1871  Dr.  Medlicott  was  convicted  of  murder  by  morphin  and 
atropin  in  Kansas.  An  analysis  was  made  by  the  Stas  method  and  affir- 
mative results  were  obtained  with  the  nitric  acid,  ferric  chlorid,  Frohde, 
and  iodic  acid  tests  for  morphin,  as  well  as  with  the  sulfuric  acid  and 
physiological  tests  for  atropin.  The  deceased  was  found  dead  in  bed, 
and  the  autopsy  was  made  the  same  day.' 

3.  In  1873,  in  England,  a  warrant  was  issued  for  the  arrest  of  a 
woman  (Mrs.  Waters)  accused  of  having  caused  the  death  of  another 
woman  by  morphin.     The  accused  committed  suicide  by  strychnin.* 

4.  In  November,  1875,  the  case  of  the  Peo.  v.  Eliza  A.  Stone  was 
tried  in  Columbia  County,  N.  Y.,  and  the  defendant  was  acquitted. 
I3r.  John  T.  Wheeler,  who  made  the  autopsy,  informs  us  that  the 
"  autopsy  showed  absence  of  disease  and  presence  of  venous  congestion. 
But  chemical  examination  showed  no  morphin  in  the  stomach."  We 
find  no  published  account  of  this  case. 

5.  Dr.  Krauss,  of  Tubingen,  reports  the  poisoning  of  a  woman  of 
eighty-two  years  in  1878  in  a  German  village.  The  poison  was  ad- 
ministered in  coffee,  which  the  deceased  drank,  notwithstanding  its 
bitter  taste.  The  symptoms  were  those  of  morphin  poisoning,  and 
death  occurred  in  thirty-six  hours.  The  analysis  (?)  was  limited  to  an 
application  of  the  iodic  acid  test.* 

6.  The  same  author  relates  at  length  the  singular  case  of  Anna 

'Lee  ("Homicide  and  Suicide  in  the    defendant    was    a    physician, 

the   City   of  Philadelphia   during   a  accused  of  manslaughter  by  criminal 

Decade,    1871-81 ")    refers    to    one  negligence  in  causing  the  death  of 

homicide  by  morphin  and  three  by  his  wife  by  overdosage  with  mor- 

opium.     No   particulars   are   given.  phin. 

Casper  ("Klin.  Novellen,"  391)  re-  ^Tardieu:   "Empoisonnement," 

lates  a  case  of  supposed  poisoning  2eme    ed.,     1058.     "Causes    crimi- 

by  alkaloidal  morphin,  in  which  he  nelles    c^lebres    du    XIX.     Siecle," 

considers  the  evidence  insufficient.  Paris,     1828,     iv.,     1-103.     "Neue 

The    case     quoted     by     Husemann  Pitaval,"  v.,  331-446. 

(Maschka's  "  Handb.  d.  ger.  Med.,"  ^Saunders:    Mich.    Univ.    M.    J., 

ii.,  402)  as  related  by  Casper,  we  do  1871-72,  ii.,  641. 

not  find  at  the  place  indicated   or  ''Pharm.  J.  and  Tr.,  1873-4,  3  s., 

elsewhere.     In  the  case  of  Reg.    v.  iv.,  584;   Taylor:  Loc.  cit.,  pp.,  149, 

Macleod  in  1874  (Taylor:  "Poisons,"  153. 

3d   Am.   ed.,   550;  Ph.   J.   and  Tr.,  =  Friedreich's     Bl.    f.    ger.    Med., 

1873-4,  3  s.,  iv.,  336,  3.57,  395,  703)  1883,  xxxiv.,  370. 
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Thormahlen,  who  was  tried  in  1876  and  acquitted,  although,  nine  weelvs 
after  the  death  of  her  husband,  she  accused  herself  of  ha^'ing  poisoned 
him  with  morphin,  and  gave  a  circumstantial  account  of  the  manner 
of  administration.  The  body  was  exhumed  seventy-one  days  after 
death,  and  the  results  of  the  autopsy  and  analysis  were  negative.  The 
case  is  of  psychological  rather  than  toxicological  interest.' 

7.  In  1879  Joseph  and  Mary  Volckmer  were  sentenced  in  New  York 
City  to  twelve  years'  imprisonment  for  having  administered  morphin 
to  a  rural  visitor,  with  the  intent,  apparently,  of  facilitating  robbery. 

8.  Peo.  V.  Carlyle  W.  Harris.  The  defendant  was  convicted  in 
New  York  City  in  1892  of  the  murder  of  his  unrecognized  wife  by 
morphin,  which  had  been  administered  by  substituting  morphin  for 
quinin  and  a  medicinal  dose  of  morphin  in  a  capsule.  The  symptoms 
were  those  of  opium  poisoning,  and  death  occurred  in  twelve  hours. 
The  analysis  showed  the  presence  of  morphin  and  the  absence  of  quinin 
in  the  cadaver.^ 

9.  Peo.  V.  Walter  J.  Buchanan.  The  defendant  was  convicted  in 
New  York  City  in  1893  of  the  murder  of  his  wife.  The  symptoms  were 
such  as  would  be  produced  by  atropin,  followed  by  morphin.  The 
analysis  showed  the  presence  of  morphin,  but  the  presence  of  atropin 
was  not  demonstrated  with  certainty. 

10.  Caso  Urbino  de  Freitas,  Portugal,  1891-93.  The  defendant,  a 
physician,  was  accused  of  having  poisoned  three  of  his  wife's  nephews 
and  of  having  caused  the  death  of  one  of  them  by  poison  administered 
in  enemata.  The  symptoms  resembled  those  caused  by  opium  in  part 
only.  The  analysts  claimed  to  have  detected  morphin,  narcotin,  and 
delphinin  in  the  urine  and  viscera,  but  based  their  conclusion  as  to 
morphin  on  the  insufficient  evidence  furnished  by  the  iodic  acid,  Frohde's 
and  Lafon's  reactions.     (See  Detection.)^ 

11.  Affaire  Joniaux.  A  lady  moving  in  aristocratic  circles  in  Bel- 
gian society  was  accused  in  1894  of  having  poisoned  three  of  her  rela- 
tives with  morphin,  for  the  purpose  of  collecting  large  insurances  upon 
their  lives.  The  viscera  of  the  alleged  victims  were  analyzed  by  Druyts 
and  Bruylants,  who  found  morphin  in  the  stomach,  liver,  kidneys, 
spleen,  lungs,  blood,  intestine,  and  urine  of  the  brother  who  had  died 
March  6th,  1894,  and  whose  body  was  exhumed  nine  days  later,  but 
none  in  the  cadavers  of  the  other  victims  who  had  died  March  17th, 
1893,  and  February  24th,  1892.'' 

12.  In  England,  in  1905,  a  druggist  (Devereaux)  was  accused  by 

'Md.,  1887,  xxxviii.,  153.  Silva:  "Relation  m^d.-leg.  d.  I'Aff. 

Witthaus:  "Researches  Loomis      Urbino  de  Freitas,"  Porto,  1893. 
i^ab.,"  1892,  ii.,  1,  91.  'Bruylants   et   Druyts:    "Affaire 

Souto,  Azeredo,  Silva-Pinto  and      J Rapports  d'expertises  chim- 

iques,"  Charleroi,  1895. 
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a  coroner's  jury  of  having  caused  the  deaths  of  his  wife  and  two  children 
by  morphia,  which  had  been  detected  in  the  cadavers  by  Stevenson.' 

Duration. — The  duration  of  a  fatal  poisoning  by  morphin 
is  not,  as  a  rule,  shorter  than  when  laudanum  or  other  opiates 
are  the  cause  of  death.  The  usual  duration  is  from  six  to  twenty- 
four  hours,  the  greater  proportion  of  deaths  occurring  in  from 
twelve  to  twenty-four  hours.  Instances  are  recorded  of  death 
in  less  than  one  hour.  Thus  Ebertz^  reports  the  death  of  a 
woman  in  from  forty  to  fifty  minutes  from  the  effects  of  0.25 
gm.  (3.85  grains)  of  morphium  chlorid  dispensed  in  mistake 
for  quinin.  Lyman^  and  Coale*  have  reported  deaths  from 
laudanum  within  forty-five  minutes.  A  similar  case  is  quoted  by 
Taylor.^  We  find  record  of  three  cases  of  three  days'  duration 
each  attributed  to  morphin.  In  one  of  these,  reported  by 
Maschka,"  death  was  due  to  morphin  only.  It  is  that  of  a  male 
suicide  who  was  found  unconscious  in  a  railway  carriage,  and 
remained  so  until  his  death  from  pulmonary  CEdema.  Morphin 
to  the  extent  of  0 .  1689  gm.  (2 . 6  grains)  of  the  hydrochlorid 
was  extracted  from  the  gastric  and  intestinal  contents.  Penny' 
makes  mention  of  the  case  of  a  girl  of  nineteen  years  who  died 
in  three  days  after  having  taken  10  grains  of  morphin  with  sui- 
cidal intent.  Gossage's  patient,^  who  swallowed  2  ounces  of 
laudanum  in  porter  while  drunk,  died  in  three  days  of  delirium 
tremens.  When  death  is  delayed  for  a  longer  period  it  is  not 
due  directly  to  the  opiate,  although  that  may  have  been  con- 
tributory to  the  generation  of  the  proximate  cause.^  Mushet" 
reported  the  case  of  a  child  of  three  months,  which  died  in  fifty- 
six  hours  after  the  administration  to  it  of  an  opiate;  and  Marlow" 
that  of  a  woman  who  died  in  fifty-two  hours. 

Lethal  Dose. — The  effects  of  a  given  dose  of  an  opiate  will 

'  Pharm.  J.,  1905,  XX.,  703,  770.  601    (Case  I).     Isham:  Med.  News, 

2  Vrtljschr.  f.  ger.  Med.,  1873,  n.  Phila.,  1882,32  (Case  II).     Ramich: 

F.,  xviii.,  280.  Allg.  Wien.  med.  Ztg.,  1879,  xxiv., 

'Amer.  J.  M.  Sc,   1854,  xxviii.,  350.     Riddell:  South.  Clin.,  Richm., 

384.  1879-80,   ii.,    437.     Leighton:   New 

*  Ibid.,  1850,  n.  s.,  xix.,  71.  Engl.    M.    Mthly.,    1882-3,   ii.,   270 

*  "Poisons,"  3d  Am.  ed.,  537.  (chlorodyne) .     Fell:   J.    Am.   Med. 
"Prag.    med.    Wchnschr.,     1887,  Assoc,     1892,     xix.,     130.     Lewin: 

xii.,  437.  Berl.    Id.    Wchnschr.,    1893,    xxx., 

'  Med.  Sentinel,  1893,  i.,  299.  993. 

»  Westminster  Hosp.  Rept.,  1895,  ""  Med.  Times  and  Gaz.,  1858,  n.s., 

ix.,  99.  xvi.,  292. 

"See  Parham  and  Lamb:  N.  Or.  "Canada  Lancet,   1891-2,  xxxv., 

M.  and  S.  J.,   1886-87,   n.  s.,  xiv.,  70. 
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vary  within  wide  limits  under  different  conditions  of  age  and 
physical  condition  of  the  individual,  and  particularly  with  the 
extent  of  previous  use.  The  minimum  lethal  dose  for  a  healthy 
adult,  not  habituated  to  opiates,  is  probably  from  0.2  to  0.26 
gm.  (3  to  4  grains)  of  morphin,  or  an  equivalent  quantity  of  a 
liquid  opiate.  These  quantities  have  proved  fatal  in  several 
reported  instances.  Hartley^  has  reported  the  case  of  a  man 
who  died  in  eighteen  hours  after  having  swallowed  half  an  ounce 
of  laudanum  (  =  0.2  gm.  =  3  grains  morphin)  with  suicidal  intent. 
Taylor^  refers  to  the  death  of  a  woman  of  fifty-six  years  from  the 
effects  of  a  like  quantity  of  laudanum  administered  in  mistake 
for  tincture  of  rhubarb.  Ebertz'  relates  the  case  of  a  woman 
who  died  in  fifty  minutes  from  the  effects  of  0 .  25  gm.  (3 . 9  grains) 
of  morphium  chlorid  dispensed  in  mistake  for  quinin.  Anstie* 
records  the  case  of  a  man  of  forty  years  who  died  in  sixteen  hours 
from  the  effects  of  an  enema  containing  3  grains  (0.19  gm.) 
of  morphin,  administered  to  relieve  the  pain  caused  by  a  fistula. 
Boeck^  refers  to  the  death  of  a  maniacal  woman  caused  by  the 
hypodermic  injection  of  0. 18  gm.  (2.8  grains)  of  morphin  in  two 
hours.  Vibert"  cites  the  death  of  a  woman  in  thirty  hours  after 
having  received  0. 12  gm.  (1.9  grains)  in  two  hypodermic  injec- 
tions a  few  hours  apart.  Smaller  quantities  have  proved  fatal 
to  persons  in  advanced  age,  or  have  been  a  contributing  cause  of 
death  in  those  suffering  from  kidney  diseases  or  debilitated  from 
other  illness.  The  following  is  a  list  of  such  cases  as  well  as  of 
others  in  which  death  has  been  ascribed  to  small  quantities  of 
morphin  upon  insufficient  data: 

1.  Gilliam  {Med.  Rec,  N.  Y.,  1885,  xxvii.,  679):  F.,  66;  about 
i  grain  (0.008  gm.)  morphium  sulfate  hypodermically  in  the  afternoon, 
after  several  doses  (how  many  not  stated)  of  10  to  15  grains  of  chloral 
hydrate  during  the  forenoon,  to  relieve  neuralgia.  Died  at  about 
nightfall  from  exhaustion. 

2.  Toogood  {Prov.  M.  and  S.  J.,  1841,  Hi.,  129):  F.,  80;  was  given 
seven  drops  of  liquor  morphiae  acetatis.  The  next  day  she  was  in  a 
deep  sleep,  from  which  she  could  not  be  aroused,  and  died  in  a  few 

'  Lancet,  1873,  ii.,  684.  134;  Ph.  J.  and  Tr.,  1862-63,  n.  s., 

■  "Poisons,"  3d  Am.  ed.,  533,  534,  iv.,  330. 
537,560.  'Ziemssen;     "Handbuch,"     etc., 

„  'Vrtljschr.  f.  ger.  Med.,  1873,  n.  xv.,  541. 
P-,  xviii.,  280.  "  "Precis  de  tox.,"  1900,  p.  622. 

'Med.  Times  and  Gaz.,  1863,  i., 
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hours.     The  dose  administered  would   contain  about  ^  grain  of  the 
acetate  (=0.011  gm.). 

•  3.  Reamy  {Cine.  Lane,  and  Clin.,  1885,  n.  s.,  xiv.,  1) :  F.,  28;  \  grain 
(0.016  gm.)  morphium  sulfate  and  A  atropin  hypodermically,  after 
perineorrhaphy  and  removal  of  a  cicatrix  of  laceration  of  the  cervix. 
Death  in  profound  coma  in  eight  and  one-half  hours,  notwithstanding 
treatment.  Said  to  have  been  previously  poisoned  by  a  minute  dose 
of  morphin.     No  autopsy.     No  examination  of  urine. 

4.  A  North  Carolina  Physician  {N.  Car.  M.  J.,  1879,  Hi.,  228): 
F.,  40;  hypodermic  of  J  grain  (0.032  gm.)  morphium  acetate  to  con- 
trol pain  in  a  violent  epileptic  seizure  occurring  at  the  menstrual  period. 
Urine  highly  albuminous  during  the  seizure,  not  at  other  times.  In 
treatment  she  was  given  -i\-  grain  (0.036  gm.)  atropium  sulfate  in 
divided  doses.  No  autopsy.  This  is  unquestionably  an  atropin  poison- 
ing as  the  heart  ran  up  to  150  beats  and  the  temperature  fifteen  minutes 
before  death  was  101°.' 

5.  Account  of  Inquest  (Lancet,  1838-39,  i.,  276):  F.,  ad.;  physician 
stated  that  he  gave  half  a  grain  (0.032  gm.)  of  the  acetate  in  one-half  of 
a  mixture  compounded  by  himself.  The  analysis  of  the  remaining 
half  showed  it  to  contain  2  grains  (0.13  gm.).  The  woman  had  been 
ill  (from  what  disease  is  not  stated),  and  the  accounts  of  the  symptoms 
were  conflicting.     Death  in  from  six  to  seven  hours. 

6.  Wormley  {"Micro-Chemistry  of  Poisons,"  2d  ed.,  479):  "Thus 
an  instance  is  related  in  which  half  a  grain  employed  in  this  manner 
(hypodermically)  for  the  relief  of  sciatica  proved  fatal  to  a  woman  aged 
fifty  years."  ^ 

7.  Ingalls  {Chic.  M.  J.  and  Exam.,  1878,  xxxvi.,  493):  M.,  ad.; 
suffering  from  myalgia  of  the  back,  received  -eV  grain  atropin  hypo- 
dermically, then  J  grain  (0.016  gm.)  morphin  by  the  mouth,  and  three- 
quarters  of  an  hour  later  \  grain  morphin  hypodermically.  A  fur- 
ther quantity  of  atropin  was  administered  to  counteract  the  effects  of 
the  morphin — how  much  is  not  stated.     No  autopsy.^ 

8.  Souchon  {N.  Orl.  M.  and  S.  J.,  1886-87,  n.  s.,  xiv.,  437,  Case 
//):  M.,  24;  half  a  grain  (0.032  gm.)  morphium  sulfate  hypodermically 
to  relieve  pain  in  a  colloid  cancer  into  which  pure  zinc  chlorid  had 
been  injected.  Collapse  complete  in  one  and  one-half  hours,  but  re- 
gained consciousness  under  treatment.  Remained  in  this  improved 
condition  and  took  nourishment  for  four  hours,  when  he  sank  gradually, 

'  Harris  (N.  Car.  M.  J.,  1880,  vi.,  answer  to  a  communication  Profes- 

31)     considers    the    death    to    have  sor  Wormley  states  his  inability  to 

been  caused  by  uraemia.     See  also  find  the  reference. 

"A  Medical  Student,"  ibid.,   1S79~  '  Tliis   is   not   an   observation  of 

80,  iv.,  169.  Ingalls',   but  a  ease  communicated 

'  No  reference  to  the  place  where  to    him    in   response   to   a    circular 

this  case  is  related  is  given,  and  in  letter. 
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and  died  eleven  and  a  half  hours  after  the  administration  of  morphin. 
No  autopsy. 

9.  Sieveking  (Lancet,  1861,  i.,  575):  M.,  45;  1  grain  (0.065  gm.) 
of  tlie  acetate  in  pill  form.  Out-patient  in  St.  Mary's  Hospital,  London. 
Died  in  thirteen  hours.  The  urine  was  albuminous  and  the  kidneys 
were  highly  diseased.' 

10.  Account  of  Inquest  {Pharm.  J.  and  Tr.,  1863,  n.  s.,  iv.,  532) : 
M.,  52;  died  in  ten  hours  after  having  taken  a  mixture  which,  accord- 
ing to  the  attending  physician,  contained  half  a  grain  of  morphium 
chlorid.  No  statement  of  the  nature  of  the  illness  or  of  the  results 
of  the  autopsy.^ 

11.  Report  of  Trial  (Buff.  M.  and  S.  J.,  1867-68,  vvL,  121):  M., 
ad.;  death  in  seven  hours.  This  is  an  account  of  the  trial  of  a  suit 
for  damages  against  the  attending  physician  who  stated  that  he  ad- 
ministered hypodermically  "half  a  grain  as  near  as  I  (he)  can 
judge." 

12.  Paterson  [Edinh.  Mthly.  J.,  1846,  vi.,  pt.  2,  191):  F.,  19;  1 
grain  in  divided  doses  during  six  hours  by  a  patient  suffering  with 
pneumonia.     Death  in  seven  hours. 

13.  Morgan  {Taylor:  " Poisons,"  3d  Am.  ed.,  549):  M.,  ad.;  one 
grain  (0.065  gm.)  hypodermically  in  twelve  hours.  Died  in  six  hours. 
Patient  in  Middlesex  Hospital.  No  particulars  as  to  the  nature  of  the 
disease.  No  autopsy.  Guy  and  Ferrier  ("Forensic  Med.,"  6th  ed., 
473)  in  citing  this  case  use  the  words  "appears  to  have  proved  fatal." 

14.  Johnson  (Lancet,  1872,  ii.,  24):  F.,  62;  afflicted  with  large  ab- 
dominal tumors  weighing  thirty  to  forty  pounds,  and  with  dropsy; 
had  been  an  invalid  for  twenty  years.  She  received  1  grain  of  the 
acetate  in  a  pill  and  died  in  less  than  twelve  hours.  ^ 

15.  Bossart  (Rev.  med.  d.  I.  Suisse  Rom.,  1885,  v.,  679):  F.,32;  died 
the  day  after  she  had  taken  0 .  06  to  0 .  07  gm.  (about  1  grain)  of  mor- 
phin and  6  to  7  gm.  (93  to  108  grains)  of  chloral. 

16.  Account  of  Inquest  (Med.  Times  and  Gas.,  1860,  i.,  564) :  M.,  ad.; 
had  been  under  treatment  for  rheumatic  fever  for  a  fortnight  during 
which  he  had  received  occasional  anodyne  draughts  containing  mor- 
phium acetate.  On  evening  before  death  received  three  pills  of  half 
a  grain  of  opium  each ;  at  one  in  the  morning  these  had  produced  no 
effect  and  four  pills  of  J  grain  morphium  acetate  were  given  at  hour 
intervals.    He  died  about  8  a.m.     Prof.  Taylor  testified  at  the  inquest 

\SeealsoPh.  J.  and  Tr.,  1862,  n.  physician.     Taylor   also   states   the 

S->  iii.,  45.     Taylor:   "Poisons,      3d  dose   to   have   been   one   grain;    on 

Am.  ed.,  549.  what  authority  does  not  appear. 

'Taylor  (Loc.  cit.)  refers  to  this  'See  also  Ph.  J.  and  Tr.,  1872-73, 

caseasthatof  a  "healthy  man,"  yet  3  s.,  iii.,  14. 
ne    was    under    treatment     by     a 
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to  his  opinion  that  the  deceased  had  died  of  "  accumulated  opium  in  his 
system."  ' 

17.  Denig  {Wormley:  "Micro-Chemistry  of  Poisons,"  2d  ed.,  470): 
F.,  17;  robust  and  healthy.  Dose  given  as  3ij  of  laudanum.  This 
should  contain  at  least  1.6  grains  morphin,  but  the  druggist  testified 
that  it  contained  only  the  soluble  portions  of  7  grains  of  opium  (= 
0.7  gr.  morphin). 

18.  {Lancet,  1851,  i.,  435):  M.,  ad.;  a  patient  received  an  injection 
containing  10  gm.  of  laudanum  (=1.6  grains  morphin),  became  coma- 
tose, was  completely  roused,  remained  quite  free  from  narcotic  symp- 
toms for  twenty  hours,  became  suddenly  worse  and  died  in  two  days. 
No  statement  of  the  nature  of  the  disease  or  of  the  results  of  the  autopsy. 

19.  Fagerlund  {Vrtljschr.  f.  ger.  Med.,  1894,  3  s.,  viii.,  Supplhft., 
86):  M.,  70;  took  10  gm.  of  laudanum  (=0.15  gm.  =2.3  grains  mor- 
phin) with  suicidal  intent,  and  was  found  dead  next  morning. 

20.  Med.  Times,  Land.,  1846,  a;i'u.,114):  F.,66;  had  gangrene  of  right 
foot.  Three  grains  (0.2  gm.)  of  the  chlorid  administered  by  mistake. 
Died  in  nine  hours. 

21.  Account  of  Inquest  (Ph.  J.  and  Tr.,  1872-3,  3  s..  Hi.,  14) :  F.,  62, 
very  weak,  invalid  for  twenty  years,  1  grain  acetate  in  pill,  narcotized 
in  half  an  hour ;  morphin  symptoms  distinct ;  death  in  nine  hours. 

■22.  Reuss  {Southwest.  Med.  Rec,  1898,  Hi.,  444) :  M.,  52,  an  asth- 
matic negro  died  in  four  hours  after  having  swallowed  three  i-grain 
morphin  tablets. 

23.  Lewin  {Berl.  kl.  Wchnschr.,  1893,  xxx.,  993) :  M.,  64.  This  is 
a  "gutachten"  in  the  case  of  a  physician  accused  of  having  caused  the 
death  of  a  patient  by  the  administration  of  0 .  022  gm.  (^  gr.)  of  morphium 
acetate.  The  patient  lived  four  days  after  the  administration.  The 
conclusion  is  that  the  symptoms  were  partly  due  to  morphin,  but  that 
death  was  not  due  to  morphin  alone,  a  severe  cancer,  a  cardiac  lesion, 
and  an  idiosycracy  toward  morphin  all  contributing.^ 

Other  early  reports  in  which  the  accuracy  of  the  dose  stated  is  ques- 
tionable kre  those  of  Sharkey  {Lond.  M.  Gaz.,  1846,  ii.,  235,  Case  II) 
and  Vermandois  (Alibert),  Bibl.  Med.,  1806,  quoted  by  Orfila:  "Tox. 
g6n.,"  5eme  ed.,  II.,  254. 

Infants  and  young  children  are  very  susceptible  to  the  toxic 
action  of  the  opiates:  An  infant  died  from  the  effects  of  tV  §''• 
(0 .  005  gm.)  of  the  chlorid  administered  in  mistake  for  dill  water;' 

■  This     case     is     referred     to     by  '  See  also  Halle  and  Sontag:  Berl. 

Wharton   and   Still^:    "Med.   Jur.,"  kl.  Wchnschr.,  1893,  xxx.,  1087. 

5th  ed.,  ii.,   643,   650,  but  without  '  Chem.   News,    1863,  98;  Ph.   J. 

mention  of  the  opium  administered  and  Tr.,  1863,  n.  s.,  v.,  138. 
before  the  morphin. 
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and  a  child  of  eleven  months  was  destroyed  by  tV  gr-  (0 .  004  gm.), 
also  given  by  mistake.^  Cheatham^  has  reported  the  case  of  a 
boy  of  eight  years,  suffering  from  acute  basilar  meningitis,  whose 
death  was  hastened  by  the  hypodermic  administration  of|gr. 
(0.008  gm.)  of  morphin  combined  with  atropin.^  Infants  of  a 
few  days  have  died  from  the  effects  of  three,*  two,^  and  even  a 
single"  drop  of  laudanum  (=1.26,  0.84,  0.42  mgm.  morphin);' 
and  children  of  eighteen  months  or  less  from  five,**  four,"  and 
three"  drops  (  =  2.1,  1 .  68,  1 .  26  mgm.  morphin) .  Taylor'^  states 
that  a  case  was  communicated  to  him  by  Mr.  Edwards  of  an 
infant  of  four  weeks  which  died  from  the  effects  of  a  quantity 
of  paregoric  containing  -^V  gr.  of  opium  ( =  0 .  0007  gm.  =  0 .  00007 
gm.  morphin).  No  particulars  are  given,  however,  concerning 
the  child's  condition  of  health  or  disease.'^  Instances  are  re- 
ported in  which  young  children  have  been  fatally  poisoned  by 
the  milk  of  the  mother  to  whom  opiates  had  been  administered; 
in  one  the  infant  was  three  days  old,  and  the  opiate  had  been 
administered  to  the  mother  internally.  ^^  In  the  other  the  child 
was  six  weeks  old;  laudanum  had  been  administered  to  the 
mother  internally  and  a  fomentation  of  gin  and  laudanum  had 
been  apphed  to  her  side.^* 

On  the  other  hand,  even  non-habituated  adults  have  recovered 
from  the  effects  of  very  large  doses.     The  largest  quantity  of 

'76a.,  1870-71,  3  s.,  i.,  615.  for  1 .2  per  cent.,  while  Blyth  gives 

'N.Car.  M.  J.,  1886,  xviii.,  21.  0.32  to  0.7  per  cent,  for  English 

'  See  also  Ph.  J.  and  Tr.,  1873-74,  laudanum. 

3  s.,  iv.,  99.  » Jackson:  Am.   J.   M.  Sc,   1854, 

'Ph.  J.  and  Tr.,  1870-71,  3  s.,  i.,  xxviii.,  384.     Ph.  J.  and  Tr.,  1870- 

798,  3dt.  seventeen  days.     Everest:  71,  3  s.,  i.,  742.     Fagerlund:   Vrtl- 

Lancet,  1841-42,  758,  at.  two  days.  jschr.  f.  ger.  Med.,  1894,  3  s.,  viii., 

'Prov.  M.  and  S.  Jour.,  1846,  519,  Supplh.,  86,  gtt.  v.  or  more;  homi- 

ffit.  five  days.     Smith:  Lancet,  1854,  cide;  by  mother   in   teaspoonful  of 

i.,  419,  Et.  seven  days,   nx  i.     Bal-  her  own  milk. 

four:  Edinb.  M.  J.,  1856-57,  ii.,  146,  »  Kelso:  Lancet,  1837-38,  i.,  304. 

set.  four  days.  Lancet,      1869,      ii.,      187.     Alison: 

*  Woolen:  South.  M.  and  S.  Jour.,  Christison,  "Poisons,"  Am.  ed.,  550. 

July,  1849,  quoted  by  Beck:  "Infant  "  Simson:  Christison:  Loc.  cit. 

Therap.,"  145.  »  "Poisons,"  3d  Am.  ed.,  536,  542. 

.'  Presuming  the  laudanum  to  con-  '^  See  also  Ph.  J.  and  Tr.,  1872-73, 

tain -the  maximum   proportion    of  3  s.,  iii.,  1047. 

1-5%   of    morphin,    and    that    35  "  Evans:  Br.  M.  J.,  1885,  ii.,  1159. 

drops  go  to  the  c.c.     But  not  only  ^  Med.  Times  and  Gaz.,  1861,  i., 

do  the  drops  vary  materially  in  size  70;  Lancet,  1861,   i.,  93.     See  also, 

according  to  the  shape   of   surface  Hawthorn:  J.  de  pharm.  de   Brux., 

upon  which  they  are  formed,   but  1875,   xxxi.,   201.     Huselot:  Thfese, 

the  morphin  content   of  laudanum  Paris,  1900-1. 
IS  also  variable.     The  U.  S.  P.  calls 
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morphin  certainly  thus  recovered  from  was  60  gr.  (3.89  gm.) 
of  the  acetate,  which  was  taken  with  suicidal  intent  by  a  man 
of  forty  years,  who  had  never  been  an  opium  eater.'  A  woman 
not  a  morphinist,  also  took  60  gr.  medicinally  in  1  to  2  gr.  doses 
during  twenty-four  hours  without  becomingstupefied.^  Otherre- 
coveries  from  large  doses  of  morphin  have  been  reported  by  Norris 
(75gr.  =4.86gm.),' Watkins  (61gr.  =  3.95 gm.takenin one hour),^ 
Bonjean  (55  gr.  =3.56  gm.  acetate),'  Castara  (50  gr.  =3.24 
gm.  acetate),"  Walker'  (45  gr.  =2.7  gm.  sulfate),  Morse  (38  gr. 
=  2.48  gm.  sulfate),*  and  Lemen  (36  gr.  =2.33  gm.  sulfate).' 
Two  cases  are  reported  of  recovery  from  the  effects  of  8  ounces 
of  laudanum  (  =  51  gr.  =  3.31  gm.  morphin),'"  one  from  6  ounces 
(  =  38.3  gr.  =  2.48  gm.  morphin),*'  and  many  from  doses  of  from 
2  to  5+  ounces  (12.8-35  gr.  =  0 . 83-2 .  28  gm.  morphin).  A  preg- 
nant female  swallowed  between  7  and  8  ounces  (220-250  gm.)  of 
solid  opium,  yet  recovered  under  treatment,  after  having  exhibited 
well-marked  symptoms  of  narcotism,  and  having  aborted  on  the 
third  evening.'^  Children  have  also  recoveredfrom  relatively  large 
doses.  Thus  Callenderhasreportedtherecoveryof  achildofseven 
years  after  it  had  received,  through  mistake  of  the  nurse,  two 
drachms  of  laudanum  ( =  7.6  gr.  =  0.1  gm.  morphin) '^  Dow"  has  re- 
ported the  case  of  a  child  of  four  years  which  withstood  the  effects 
of  3  grains  (  =  0.19  gm.)  of  morphium  sulfate  given  in  mistake  for 
quinin;  and  Hadden'^  refers  to  the  case  of  a  youthful  suicide  of 
seven  years  who  recovered  from  the  effects  of  a  dose  of  half  an 
ounce  of  laudanum  ( =  3 . 2  gr.  =  0 . 2  gm.  morphin) . 

'Wood:    Boston    M.    and    S.    J.,  grains  (5.18  gm.)  are  said  to  have 

1876,  xcv.,  82.  been   taken   contains  internal  evi- 

^  Decker:  St.  Louis  M.  and  S.  J.,  dence  of  inaccuracy. 
1888,  liv.,  341.  i»  Barstead:  Lancet,  1873,  i.,  468. 

^  Am.  J.  M.  Sc,  1862,  n.  s.,  xliv.,  Harvey,  cited  by  Taylor:  "Poisons," 

39.5  (Case  I).  3d  Am.  ed.,  535. 

*  Richm.  and  Louisv.  M.  J.,  1870,  "  O'Callachan:  Canada  M.  and  S. 

X.,  453.  Jour.,  1881-82,  x.,  6  (Case  I).    See 

=  J.  d.  chim.  m^d.,  etc.,  1S44,  x.,  also  Marcet:  Med.-Chir.  Tr.,  1806,  i., 

692.  77. 

°  Ibid.,  1831,  vii.,  135.  i^  Amer.  Med. Recorder,  1828,xm., 

'  Med.  Xews,  1894,  Ixiv.,  380,  the  418,     quoting    d'Outrepont:    Gem. 

■woman  had  been  a  morphinist  for  Deut.  Ztschr.  f.  Geb.,  1826,  i.,  No.  1. 
twenty  years,  but  had  taken  none  "  Med.   Rec,   N.  Y.,  1894,  xlvi., 

for  five  months  previously  (?W.).  345. 

«  Boston  M.  and  S.  Jour.,   1SS7,  '*  Va.  Med.  Monthly,  1877-78,  iv., 

cxvi.,  603.  670. 

'Ibid.,  1SS7,  cxvi.,  443.     The  re-  '=  Phys.  and  Bull.  Med.-leg.  Soc, 

port  by  Du  Bois  (Western  Lancet,  N   Y     1880   xiii..  8 
1872,  i.,  336)  of  a  case  in  which  SO 
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The  poisonous  action  of  morphin  is  very  greatly  diminished  by 
habit,  probably  more  than  that  of  any  other  poison.  The  amounts 
taken  by  adult  opium  eaters,  laudanum  drinkers,  and  morphin 
injectors  are  sometimes  enormous.  Cases  in  which  the  con- 
sumption reaches  2  to  3.5  gm.  (30-54  gr.)  of  morphin  daily 
have  been  observed,^  and  de  Quincy  relates  that  his  daily 
allowance  of  laudanum  at  one  time  reached  9  ounces  (  =  57.5 
gr.  =  3 . 7  gm.  morphin) .  Chisolm^  refers  to  an  opium  eater 
who  took  120  grains  (7.8  gm.)  of  morphin  at  a  single  dose  with 
suicidal  intent,  but  without  any  ill  effects.  This  tolerance  may 
also  be  established  in  children.  Thus  Little^  has  reported  the 
case  of  a  male  infant,  suffering  from  acute  inflammation  of  the 
knee-joint,  to  whom  opiates  were  given  in  gradually  increasing 
amount  until,  when  eight  months  of  age,  it  took  2  fluidounces 
of  Magendie's  solution  (  =  32  gr.  =  2.07  gm.  sulfate)  in  one  day 
with  no  toxic  effects.  The  tolerance  of  morphin  resulting  from 
habituation  does  not  amount  to  immunity,  and  cases  are  by  no 
means  rare  of  morphin  habitues  who  have  died  from  the  effects 
of  overdoses.^  A  man  died  from  the  effects  of  the  enormous 
dose  of  576  grains  taken  during  twenty-four  hours,  of  which 
100  grains  was  swallowed  at  once  two  hours  before  death.  ^ 
Morphin  is  not  usually  credited  with  a  cumulative  action  in 
any  sense,  but  a  case  is  reported  in  which  it  was  thought  that 
opium  administered  in  pills  accumulated  with  fatal  effect.® 

Absorption. — In  the  great  majority  of  poisonings  by  the 
opiates  absorption  has  occurred  by  the  alimentary  canal,  admin- 
istration having  been  by  the  mouth  in  most  cases  and  by  the 
rectum  in  a  few.  One  morphinist  took  the  drug  by  the  mouth, 
in  suppositories  and  hypodermically  at  the  same  time.'  That 
absorption  takes  place  by  the  buccal,  nasal  and  respiratory 
mucous  membranes  is  shown  in  opium  smokers,  and  in  the  case 
of  a  girl  who  was  severely  poisoned  while  engaged  in  the  manu- 
facture of  morphin  tablets.*  That  absorption  from  the  stomach 
may  proceed  slowly  or  be  counterbalanced  by  elimination  (see  p. 

.'Regnier:     "Intoxication     chro-  *  Lancet,  1906,  ii.,  821. 

Mque  par  la  morphine,"  Paris,  1890,  ^  Med.  Times  and  Gaz.,  1860,  i., 

JOl,   107,   114,    123,    124.     Groom:  564. 

Med.  Rec,  N.  Y.,  1894,  xlvi.,  340.  '  Brug:  Boston  M.  and  S.  J.,  1882, 

Maryland  M.  J.,  1878,  iii.,  109.  cvi.,  128. 

Am.  J.  Obst.,  1878,  xi.,  374.  «  Barnes:  Phila.  M.  J.,  1901,  viii., 

Gombault:    Maschka,    "Handb.  1100.     See  also  Lewin:  Med.  Klin., 

d.  ger  Med.,"  ii.,  449.  1908,  iv.,  1633. 


960  TOXICOLOGY — WITTHAUS. 

976)  is  shown  by  a  case  of  Pouchet's^  in  which  45  gm.of  laudanum 
Avere  recovered  by  lavage  of  the  stomach  six  hours  after  60  gm. 
had  been  swallowed.^  Poisonings  by  hypodermics  of  morphin 
have  been  accidental  except  in  four  instances.^  In  a  few  early 
cases  absorption  has  followed  applications  of  morphin  or  of 
laudanum  to  the  abraded  skin.*  Vialle'  reports  an  instance  in 
which  a  narcotic  effect  was  produced  in  a  woman  and  her  nursing 
infant  by  laudanum  absorbed  through  the  uninjured  skin  of  the 
mother. 

Method  of  Action. — The  differences  observed  in  the  action 
of  morphin  upon  different  kinds  of  animals"  are  probably  more 
pronounced  than  with  any  other  poison,  and  the  greatest  caution 
is  required  in  applying  the  results  of  animal  experimentation 
to  man.  These  differences  are  not  only  quantitative  but,  for  all 
practical  purposes,  qualitative  as  well.  The  primary  action  of 
morphin  upon  the  central  nervous  system  in  cows,  cats,  and 
rabbits  is  that  of  an  active  stimulant,  causing  intense  cerebral 
excitation  and  tetanic  spasms,  in  which,  with  large  doses,  the 
animals  die  without  the  manifestation  of  any  symptoms  of 
depression.  In  dogs,  on  the  other  hand,  toxic  doses  produce 
immediate  central  paralysis,  the  animals  becoming  comatose  and 
completely  insensible  without  any  period  of  primary  excitation. 
It  produces  tetanus  in  frogs'  and  a  cataleptic  condition  in  rats.* 
In  normal  adult  human  beings  toxic  doses  usually  produce  Uttle 
or  no  primary  excitement,  °  but  primary  central  paralysis.  Ex- 
ceptionally, however,  particularly  in  those  habituated  to  the 

'  "Pharmacodynamie,"    1901,    p.  chlor.    to    denuded     skin.     Taylor: 

780.  "Poisons,"  3d  Am.  ed.,  533,  548,  F., 

^  See  also:    Surbadhikari:    Ind.  ad.,     morphin     to     ulcer.    Stille 

Lancet,  1896,  viii.,  212.  (Bouchardat):  "Mat.  Med.,"4tlied., 

'  Sheen:  Brit.  M.  J.,  1905,  i.,  1040,  i.,  835,  M.,  ad.,  Tr.  op.  in  poultice  to 

F.,  45,  S.,  4  gr.,  R.    Pope:  Lancet,  skin. 

1894,  i.,  669,  F.,  ad.,  S.,  12  gr.,  R.  =  Actuality  m6d.,  1894,  vi.,  4. 

Case  of  Miss  Hickman:  Lancet,  1903,  "  See  p.  94. 

ii.,  1443,  et  passim.,  S.,  D.     Wamsley:  '  KolHker:  Virch.  Arch.,  1856,  -x., 

Med.  Sentinel,  1896,  iv.,  59,  admin-  244.     .-Ubers:  Ibid.,  1863,  xxiii.,  225. 

istration  of  four  hypodermics  in  half  *  Mavrojannis:  C.  r.  Soc.  de  bid., 

an    hour    by    a    morphinist    practi-  1903,  Iv.,  1093. 

tioner.  » It  is  said  that  Malays  under  the 

^Heymans:  Wchnschr.  f.  d.  ges.  influence  of  opium  develop  violent 

Hlk.,  1837,  402,  F.,  63,  morph.  acet.,  homicidal  mania;  Kampfer  and  La 

endermically.     Dupont:   Edinb.    M.  LoubSre,  quoted  by  Wibmer:  "Wirk. 

and  S.   J.,    1841,   Ivi.,   296,   morph.  d.  Arzneim.  u.  Gifte,"  1840,  iv.,^  53. 

acet.   to  blister.     Danyau:   Gaz.   d.  Husemann:  "Handb.  d.  Tox.,"  p. 

hop.,  1844,  xvii.,  539,  F.,  ad.,  morph.  600. 
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drug,'  a  short  period  of  cerebral  excitement  precedes  that  of 
cerebral  paralysis  and,  particularly  in  children,  spinal  excite- 
ment is  manifested  by  tetanic  symptoms.-  The  quantitative 
differences  are  also  great.  The  lethal  dose  for  a  non-habitu- 
ated human  adult  (70  to  80  kilo.  =  150  to  200  lbs.)  may  be 
stated  as  3  mgm.  per  kilo,^  which  is  the  lowest  lethal  equivalent 
for  any  animal  yet  determined,  except  the  marmot,  for  which 
Guinard*  determined  it  to  be  2  mgm.  per  kilo.  For  other  animals 
the  lethal  equivalents  are  as  follows:  horse,  7  mgm.,  donkey, 
9  mgm.,  ox,  15  mgm.,  cat,  40  mgm.,  dog,  65  mgm.,  pig,  200  mgm., 
rabbit,  320  mgm.,  goat  400  mgm.  per  kilo.^  The  action  of  mor- 
phin  upon  the  nervous  system  is  entirely  central,  it  exerting 
no  effect  upon  the  peripheral  nerve  terminations,  producing 
no  local  ansesthesia  in  parts  to  which  it  is  applied,  and  no  myosis 
directly."  Paralysis  of  the  respiratory  center  in  the  medulla 
follows  that  of  the  cerebral  cortex,  and  is  the  sole  cause  of  death 
in  acute  morphin  poisoning.  The  respiration  becomes  slow, 
superficial,  Cheyne-Stokes,  and  finally  ceases.'  As  a  conse- 
quence of  interference  with  respiration  the  oxidative  processes 
are  impeded,  the  oxygen  consumption  and  the  carbon  dioxid 
output  being  diminished,  and  the  latter  gas  accumulating  in  the 
blood.     Simonowski*  and  Schoumoff,*  however,  found  that  the 

'  Paster  (Miinch.  med.  Wchnschr.  there  cited.  See  also  Overton :  "Stu- 

1886,  xxxiii.,  75,  97),  describes  the  dien   il.   d.  Narcose,"    Jena,    1901, 

case  of  a  morphinist  who  committed  passim.     Gros:    Arch.  f.  exp.  P.  u. 

suicide  by  taking   an   overdose   in  P.,  1910,  Ixii.,  380. 

which  there  was  a  period  of  excite-  '  Gscheidlen:  Unt.  a.'d.  phys.  Lab. 

ment  of  about  an  hour,  in  a  total  in  Wurzb.,  1868,  iii.,   1.     Leichten- 

duration  of  five  hours.  stern:    Ztschr.    f.    Biol.,    1871,   vii., 

''See  pp.  964,  967.  197.     v.     Boeck    u.    Bauer:     Ibid., 

'Seep.  953.  1874,  x.,  336.     Witkowski:  Loc.  cit. 

'C.r.  Soc.  de  biol.,  1900,  Iii.,  727.  Filehne:     Arch.    f.    exp.    P.    u.    P., 

'  Guinard:  Lyon  m6d.,  1891,  Ixvii.,  1879,     x.,     442;     xi.,     45.     Loewy: 

522,  567;  C.  r.  Ac.  Sc,   1890,  cxi.,  Pflug.  Arch.,  1890,  xlvii.,  314;  Berl. 

981;   1893,  fexvi.,   520;   J.  de  m6d.  kl.    Wchnschr.,    1891,   xxviii.,   434. 

vet.,  etc.,  1893,  3  s.,  xviii.,  199,  385;  Wiiiternitz :  Ther.  Mntsh.,  1899,  xiii., 

Provence    m^d.,     1893,     vii.,     133;  469.     Ely:  Yale  M.  J.,  1903,  x.,  119. 

Th^se,    Lyon,    1898.     Joffroy     and  *  v.    Boeck  and  Bauer:  Ztschr.  f. 

Serveaux:  Arch,  de  m6d.  exp.,  1898,  Biol.,  1874,  x.,  336.     Rumpf :  Pflug. 

X.,   485.     Mavrojannis:    Loc  cit.  Arch.,    1884,   xxxiii.,    538.     Loewy: 

°Witkowski:Arch.  f.  exp.P.  U.P.,  Berl.   kl.    Wchnschr.,    1891,   xxvm., 

1877,  vii.,  247.     Binz:  Ibid.,    1877,  434.     Heger:   Bull.   Ac.  r.  de  m^d. 

vi.,310.  Raehbmann and  Witkowski:  de  Belg.,  1900,  4  s.,  xiv.,  137. 

Arch.    f.    Anat.    u.    Phys.,   Phys.  'Pflug.     Arch.,     1883-4,     xxxm., 

Abt,  1878,  109.     Guinard:    Lyon  251.     See  also  Schumanowa,  Simon- 

™a.,  1895,  Ixxx.,  37;  1898,  Ixxxviii.,  owskaja  and  Sieber:   Med.   Woche, 

446.    Stolnikow:  Ztschr.  f.  physiol.  1905,  351. 

•^hem.,  1884,  viii.,  238,  and  authors 
IV.-61 
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oxidative  processes  were  increased  with  doses  of  0.02  to  0.03  of 
the  hydrochlorid  in  dogs  and  rabbits.  Morphin  exerts  no 
direct  action  upon  the  heart,  which  continues  to  beat  after 
cessation  of  respiration,  but  with  large  doses,  ip  consequence  of 
defective  respiration,  the  frequency  of  cardiac  action  is  dimin- 
ished,'and  the  blood-pressure  falls.^  The  body  temperature  is 
also  depressed,^  indicating  diminution  of  the  activity  of 
metabolism,  consequent  upon  defective  oxidation.  The  cytoly- 
tic power  of  the  blood  is  diminished,  and  the  resistance  of  ani- 
mals under  morphin  to  infections  is  below  the  normal.*  The 
urine  of  morphinists  has  been  frequently  found  to  contain  a 
substance  which  responds  to  the  copper  reduction  tests  for  glu- 
cose, and  which  was  at  first  believed  to  be  that  substance,  elimi- 
nated because  of  deficient  oxidation.  The  substance  was,  how- 
ever, found  to  be  laevogyrous,  or  optically  inactive  by  some, 
and  to  be  incapable  of  fermentation.  It  was  also  found  to  re- 
spond to  the  ToUens  reaction,  and  was  therefore  considered 
to  be  a  pentose.  By  others  it  was  thought  to  be  a  glucuronic 
acid  pairling  of  morphin.  According  to  the  most  recent  inves- 
tigation, however,  it  is  neither  of  these  but  an  unknown  acid 
closely  related  to  laiose  (Spitta).°  Although  opium  has  long 
been  used  clinically  to  diminish  intestinal  peristalsis,  experiments 
upon  animals  and  observations  in  sensitive  human  subjects  show 
that   the  primary  effect  of  morphin  upon  the  ahmentary  canal 

'  Witkowski:  Loc.cit.  BinziDeut.  Wchnschr.,  1889,  xxvi.,  560.  Levin- 

med.    Wchnschr.,     1877,    iii.,     133;  stein:    Ihid.,   1875,   xii.,   647;   1876, 

1879,  v.,  614,  627;  1880,  vi.,  149.  xiii.,     389.     Quinke:     Ihid.,     1876, 

-  Binz:  Loc.  cit.  Witkowski:  Loc.  xiii.,  548.     Eckhard:  Beitr.  z.  Anat. 

cit.     De  Boeckand  Verhoogan:  J.  de  u.    Phys.,    1877,    viii.,    77.     Krage: 

m^d.,   Brux.,   1890,  xc,  Spth.,   27.  Jbt.    d.    ges.    Med.,    1878,    i.,    130. 

Guinard:  C.  r.  Soc.  de  biol.,   1895,  Damman:  Ibid.     Otto:  Pflug.  Arch., 

10  s.,  ii.,  551,  572.  1S84-5,   xxxv.,   467.     Ashdown: 

'Gscheidlen:    Loc.    cit.     Rumpf:  Brit.  M.  J.,  1890,  i.,  169.     Marm^: 

Loc.     cit.     Guinard:      Lyon     m^d.,  Deut.    med.    Wchnschr.,    1883,   ix., 

1898,    Ixxxviii.,    338.     Gottlieb:  197.     Araki:     Ztschr.     f.     physiol. 

Arch.  f.  exp.  P.  u.  P.,   1890,  xxvi.,  Chem.,   1891,  xv.,   546.     Salkowski 

429.     Reiohert:  Phila.   M.  J.,   1901,  u.  Jastrovitz:  Cbl.  f.  d.  med.  Wiss., 

vn.,  474.  1892,     xxx.,     337.     Araki:    Zts.    t. 

*  Oantacuzene:  These,  Paris,  1894;  physiol.  Chem.,  1892,  xvi.,  201,453. 

Ann.  Inst.  Pasteur,  1898,  xii.,  285.  v.Jaksch:Prag.med.Wchnschr.,1897, 

Oppel:  Med.  Woche,  1902,  373,  383.  xxii.,  477.     Mayer:  Berl.  kl.  Wchn- 

=  Coze:  C.  r.  Ac.  Sc,   1857,  xlv.,  schr.,  1899,  xxxvi.,  591,  617.  Adler: 

345.     Ritter:   Ztschr.   f.   rat.   Med.,  Prag.  med.  Wchnschr.,  1900,  xxv., 

1865,  3  R.,   xxiv.,    75.     v.   Merins:  327.     Luzzatto:  Arch.  f.  exp.  P.  u. 

Ztschr.  f.  physiol.  Chem.,  1S84.  viii..  P.,     1904,    Iii.,     95.     Seelig:    Ibi^-> 

70.     V.  Meringu.Mu.';culus:Berichte,  1905,  Iii.,  481.     Spitta:     Ztschr.    f. 

Berl.,  1875,  viii.,  662.     Alt :  Berl.  kl.  exp.  P.  u.  Ther.,  1908,  v.,  94. 
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is  to  increase  its  muscular  activity  by  stimulation  of  its  ganglia. 
This  stage  is,  however,  of  short  duration,  and  is  followed  by  one 
of  diminished  peristalsis,  proceeding  to  complete  arrest,  due  in  part 
to  diminished  local  irritability  of  the  intestinal  ganglia,  and  in 
part  to  paralysis  of  the  splanchnic  centers.^  The  effect  of  morphin 
upon  gastric  secretion  is  apparently  variable.  In  one  series  of 
observations  of  human  subjects  the  secretion  of  gastric  acid  was 
increased  in  four  cases,  diminished  in  three  and  unaffected  in  three 
(Schneider)  ?  Morphin  administered  hypodermically  is  ehminated 
in  the  gastric  secretion.^  Absorption  of  substances  in  aqueous 
solution  is  delayed  by  morphin  by  reason  of  delayed  passage  into 
the  intestine.''  Retention  of  urine  from  abolition  of  the  reflex 
governing  the  relaxation  of  the  vesical  sphincter  may  be  suffi- 
ciently tenacious  to  cause  rupture  of  the  bladder. "^ 

Symptoms. — The  symptoms  produced  by  opium  and  its 
preparations  and  by  morphin — acute  meconism — are  practically 
the  same  whatever  preparation  of  opium  or  salt  of  morphin 
may  have  been  used. 

The  time  when  symptoms  begin  is  usually  from  half  an  hour 
to  an  hour  after  the  poison  has  been  taken.  Frequently  this 
period  is  much  shortened.  In  children  which  have  received 
relatively  large  doses  the  poison  sometimes  begins  to  produce 
its  effects  within  a  few  minutes  or  almost  immediately.  When 
the  poison  has  been  introduced  hypodermically  its  action  is 
more  rapid  than  when  taken  by  the  stomach,  and  opiates  ad- 
ministered by  the  rectum  are  more  prompt  in  their  action  than 
when  they  are  swallowed.  In  exceptional  instances  the  inter- 
val between  the  taking  of  the  poison  and  the  manifestation  of 
symptoms  is  much  shortened,  even  in  adults.     Many  instances 


'Nasse:     Diss.     Leipzig,     1866.  Krylow:  Pfliig.  Arch.,  1904,  cii.,  287. 

Gscheidlen:  Unt.  a.'  d.  phys.  Lab.  z.  Baas:  Deut.  Arch.  f.  kl.  Med.,  1904, 

Wurzb.,  1869,  ii.,   3.     Van   Braam  Ixxxi.,  455. 

Houckgeest:  Pflug.  Arch.,  1872,  vi.,  "  Kleine:  Deut.  med.  Wchnschr., 

266.    Witkowski:  Arch.  f.  exp.  P.  1897,  xxiii.,  320.     Riegel:  Ztschr.  f. 

u.  P.,  1877,  vii.,   247.     Nothnagle:  kl.  Med.,  1900,  xL,  347.     Schneider: 

Virch.     Arch.,     1882,     Ixxxix.,      1.  Wien.  kl.  Wchnschr.,  1902,  xv.,  468. 

Spitzer:  Virch.  Arch.,  1891,  cxxiii.,  Fugitani:  Arch.  int.  de  pharmacod., 

593.    Jaeoby:  Arch.  f.  exp.  P.  u.  P.,  1905,  xiv.,  22. 

1892,  xxix.,  208.    P6hl:  Ibid.,  1894,  =  See  p.  976. 

xxxiv.,  98.     Guinard:   Lyon    m^d.,  *  Bass:  hoc.  cit. 

1895,  Ixxix.,  419.     Hirsch:  Cblt.  f.  =  Tappeiner  and  Zeppenfeld:  Sitz- 

inn.    Med.,    1901,    xxii.,    33.     Pal:  ber.  d.  Ges.  f.  Morph.  u.  Phys.  zu 

Cblt.  f.  Physiol.,   1902-3,   xvi.,   68.  Munchen,  1899,  xv.,  14. 
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are  reported  in  which  the  patient  became  unconscious  in  ten  or 
fifteen  minutes  and  several  in  which  the  action  was  "almost 
immediate."^  Or  the  appearance  of  symptoms  may  be  delayed 
for  several  hours.  Thus  Boeck^  cites  the  case  of  a  maniacal 
woman  who  received  0. 18  gm.  (3  gr.)  of  morphin  hypodermically 
during  two  hours;  she  was  not  quieted,  but  in  two  hours  went 
to  sleep,  and  afterward  died  in  collapse.  Channing'  reports  the 
fatal  poisoning  of  a  man  who  took  laudanum  at  6:30  a.m.,  and 
although  in  bed  all  day  and  attending  to  some  business,  only 
became  drowsy  between  5  and  6  p.m.  Christison*  states,  on  the 
authority  of  Hende,  that  a  man  who  took  §iss  of  laudanum 
and  5vi  more  an  hour  afterward  was  perfectly  sensible  seven 
hours  later  and  only  became  unconscious  in  eighteen  hours. 
Kerr'  relates  the  case  of  a  non-habituated  woman  who  took 
about  3  ounces  of  laudanum,  vomited  in  about  ten  hours,  but  did 
not  become  sleepy  for  fourteen  to  fifteen  hours.  Gregory"  reports 
a  compound  poisoning  by  laudanum  and  antipyrin  in  which  no 
marked  opium  symptoms  appeared  for  nineteen  and  one-half 
hours. 

The  clinical  history  of  morphin  poisoning  may  be  divided  into 
three  stages: 

The  Period  of  Excitement. — This  stage  is  marked  by  rest- 
lessness, great  physical  activity,  loquacity,  greatly  increased 
imaginative  power,  frequently  to  the  extent  of  hallucination, 
always  of  a  pleasing  character,  and  by  increased  cardiac  action. 
This  stage  is  of  short  duration,  or  absent  in  those  not  habituated 
to  morphin,  particularly  when  large  doses  are  taken.  Some- 
times, without  any  previous  excitement,  the  patient  becomes 
suddenly  narcotized  in  fifteen  or  twenty  minutes.'  In  children 
the  onset  of  the  poisoning  is  frequently  marked  with  convul- 
sions, which   gradually  give   place   to  narcosis.     In  a  few  in- 


'  Davy:    Cine.     Lancet    and    CI.,  =  Boston  M.  and  S.  J.,  1857,  Ivi., 

1880,  n.  s.,  iv.,  101.     Xutt:  Louis-  449. 

ville     M.     News,     1881,     xi.,     267.  *  "Poisons,"  Am.  ed.,  544. 

Prentiss:   Am.   J.   M.   Sc,    1867,   n.  '  Carolina  M.  J.,  1900,  xlvi.,  No.  2, 

s.,  liii.,   562.     Trask:   N.   Y.   M.  J.,  19. 

1874,   XX.,    165.     Woodbury:  Phila.  ^  Brit.  M.  J.,  1897,  ii.,  1000. 

Coll.  and  CI.   Rec.,   18S2,  iii.,   265.  '  Salviat:  Union  m6d.  de  la  Gi- 

Hennessy:  Albany  Med.  Ann.,  1889,  ronde,   1859,  iv.,  314.     Keith:  Chi- 

X.,  247  (Case  II).  cago  M.  J.  and  Exam.,  1879,  xxxix., 

^Ziemssen:   "Handb.,"   etc.,  xv.,  276. 
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stances  adults  have  become  wildly  excited,  and  even  maniacal, 
at  this  stage.' 

The  Period  of  Sopor. — The  condition  of  excitement  passes, 
sometimes  rather  suddenly,  into  an  intermediate  stage  of  dimin- 
ished sensibility.  The  patient  becomes  weary,  incapable  of 
physical  exertion,  dull,  and  drowsy.  He  experiences  a  sense 
of  weight  in  the  extremities,  and  an  irresistible  desire  to  sleep, 
to  which  he  finally  yields  if  not  kept  awake.  The  sleep  is  at 
first  seemingly  normal,  though  profound.  The  pulse  and  res- 
piration are  normal.  The  patient  may  be  aroused  and  some- 
times kept  awake  by  shaking  him,  by  the  infliction  of  pain  or 
by  loud  calling.  The  face  is  pale,  the  lips  are  somewhat  livid, 
the  surface  is  covered  with  a  cold  perspiration,  and  the  pupils 
are  contracted.  During  this  period  the  patient  frequently  ex- 
periences a  violent  itching  of  the  skin,  which  is  sometimes  fol- 
lowed or  accompanied  by  the  appearance  of  an  exanthem  which 
may  be  papular,  red,  bluish,  or  almost  colorless,  or  resembling 
that  of  urticaria  or  that  of  scarlatina.  This  stage  in  severe 
poisonings  is  always  of  short  duration,  and  merges  insensibly 
into  the  third: 

The  Period  of  Narcosis. — The  patient  can  no  longer  be  aroused 
even  by  the  most  violent  means.  He  lies  motionless  and  sense- 
less, with  eyehds  closed,  or  partly  closed.  The  surface  is  bathed 
in  profuse  perspiration,  which  exhales  the  odor  of  opium  in 
opium  cases.  The  face  is  pale  or  lead-colored,  the  lips  are 
blue  or  purple,  the  lower  jaw  is  pendulous,  the  muscular  system 
is  completely  relaxed,  and  the  reflexes  are  abolished.  The 
pupils  are  contracted  to  the  size  of  pinheads,  or  even  obliterated, 
and  do  not  react  to  light;  and  the  conjunctivae  are  injected. 
At  first  the  superficial  arteries,  temporals  and  carotids,  pulsate 
fully,  strongly,  and  rapidly,  while  the  respiration  is  slow  and 
shallow  (80  pulsations  to  4  to  8  respirations  in  the  minute). 
Later  the  pulse  becomes  feeble,  slow,  irregular,  and  easily  com- 
pressible, and  the  respiration  becomes  more  infrequent,  shallow, 
stertorous,  accompanied  by  mucous  rales  and  impeded  by  the 
tendency  of  the  tongue  to  fall  back.  Retention  of  urine  occurs 
early  in  history,  and  continues  until  death  or  recovery.^ 

'Lee;   N.   Y.   M.    and   Phys.    J.,  1860,    iii.,    226.     Bergsten:    Upsala 

1828,   viii.,    518.     Foulke:    Am.    J.  Lak,  For.,  1872,  vii.,  645. 

M-  Sc,  1848,  n.  s.,  xv.,  568.     Tur-  ^  Uhle    (Wien.    med.    Wchnschr., 

cnetti:  Gaz.  med.  it.  prov.   Venet.,  1886,   xxxvi.,    1114)    reports  a  case 
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In  this  period,  if  the  case  do  not  yield  to  treatment,  the 
poisoning,  usually  proceeds  rapidly  to  a  fatal  termination.  The 
surface  of  the  body  and  even  the  expired  air  become  cold.  The 
skin  is  cyanosed,  and  covered  with  a  cold,  clammy  perspira- 
tion. The  pulse  becomes  slower,  more  feeble,  and  gradually 
imperceptible.  The  respiration  is  more  shallow  and  more  feeble, 
sometimes  Cheyne-Stokes,  while  the  rales  become  more  pro- 
nounced. Individual  muscles  or  groups  of  muscles  are  agitated 
by  short  clonic  twitchings,  and  occasionally  convulsions  and 
tetanus,  with  trismus  and  opisthotonus  or  emprosthotonus 
occur.  Later  the  muscles  become  completely  paralyzed,  the 
respiratory  movements  are  made  at  longer  intervals  and  finally 
cease,  the  circulation  continuing  for  a  time  after  the  cessation 
of  respiration.  In  a  few  cases  death  has  been  by  cardiac  failure 
and  respiration  has  continued  after  arrest  of  the  heart. ^  Finally 
the  action  of  the  heart  is  arrested,  and  death  comes  quietly. 
■  Sometimes  epistaxis  and  other  hemorrhages  occur  toward  the 
end. 

Should  recovery  follow  after  the  stage  of  narcosis  has  been 
established,  the  respiration  gradually  becomes  more  frequent 
and  more  natural,  the  pulse  becomes  first  perceptible  and  then 
gradually  passes  toward  the  normal,  while  the  condition  of  coma 
passes  into  one  of  deep  sleep,  which  may  continue  for  twenty- 
four  or  thirty-six  hours  longer,  although  in  this  condition  the 
patient  may  be  aroused.  In  the  great  majority  of  cases  in 
which  recovery  has  progressed  so  far  that  the  patient  may  be 
aroused  it  will  be  complete.  Nevertheless  occasional  instances 
have  occurred  in  which  the  victim  has  relapsed  into  a  deeply 
comatose  condition  and  has  finally  died.^ 

In  cases  of  recovery  the  patient,  on  awakening,  is  weary, 
giddy,  and  uncertain  in  his  movements.  He  may  also  suffer  for 
some  hours  from  nausea  and  headache,  and  for  a  longer  time 
from  loss  of  appetite  and  derangement  of  digestion.     If  atropin 

which  was  anomalous  not  only  in  -  Hoffmann:   Wien.   med.  Presse, 

that     the     patient     suffered     from  1877,  xviii.,    73.     Souchon:  N.  Orl. 

insomina,     but     also    in    that     she  M.  and  S.  J.,  1SS6-87,  n.  s.,  xiv.,  437 

urinated  every  fifteen  minutes.  (Case    II).    Lancet,     18.51,    i.,   435. 

'  Rossiter:  Lancet,  1899,  ii.,  1016.  Taylor:    "Poisons,"    3d    Am.    ed., 

Du  Bois:  Western  Lancet.,  1872,  i.,  530  (two  cases).     Hartley:  Brit.  M. 

336.      Hayes:    Brit.    M.    .1.,    1894,  J.,   1892,  ii.,  460.     See  also  Silber- 

ii.,   807.     Marlow:   Canada   Lancet,  stein:  Med.-Ch.  Centbl.,  Wien,  1882, 

1801-2,  XXXV.,  70.  xvii.,  184. 
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have  been  administered  as  an  antidote,  the  delirium,  hallucina- 
tions, disturbance  of  vision,  and  dryness  of  the  fauces  which  it 
causes  may  continue  for  several  hours  or  days. 

Although  in  some  cases  small  doses  of  morphin  have  produced 
severe  poisoning  in  persons  already  under  the  influence  of  alcohol' 
Marable^  has  reported  the  case  of  a  man  of  twenty-eight  years 
who  took  7  grains  while  on  a  debauch,  walked  a  mile,  and  recov- 
ered after  treatment.  The  same  author  reports  another  case  in 
which  a  man,  while  on  a  spree,  took  fourteen  tablets,  went  to  sleep, 
and  awoke  well  in  the  morning.  While  very  drunk  that  evening 
he  killed  himself  with  a  further  quantity  of  morphin.  HalP  re- 
ports the  case  of  a  man  on  the  verge  of  delirium  tremens  who 
took  30  grains  of  morphin,  and  manifested  none  of  its  effects, 
not  even  contraction  of  the  pupils. 

Compound  poisonings  by  atropin  and  belladonna,  taken 
together,  have  not  occurred  frequently.  In  most  of  those  which 
have  been  reported  the  atropic  effect  has  predominated,  as 
manifested  by  dilatation  of  the  pupils  or  by  pyrexia.*  In  one 
case,  although  the  patient  recovered,  the  atropic  effect  was 
accentuated  by  resort  to  atropin  treatment.^  For  compound 
morphin-strychnin  poisoning  see  p.  1048. 

Unusual  Symptoms-. — Usually  tetanic  symptoms  appear  in 
adults  only  late  in  the  history,  are  not  severe,  and  are  sometimes 
limited  to  trismus.  Cases  have,  however,  occurred  in  which 
they  set  in  early  and  were  prominent.  Thus  Pellacani*'  has 
reported  the  case  of  a  man  of  twenty-one  years  who  received  mor- 
phin and  atropin  hypodermically  and  whose  first  symptoms 
resembled  those  produced  by  strychnin,  were  violent  in  degree, 
and  subsequently  merged  into  a  condition  of  somnolence  and 
sopor.    An  analysis  of  the  solution  injected  showed  it  to  contain 

'  Carpenter:  St.  Louis  M.  and  S.  J.,  281,  2  cases.     Dickinson:  St.  Louis 

1882,  xliii.,    218,    Case  III.,   i   gr.  M.  and  S.  J.,  1881,  xL,  675.     Gib- 

Cheatham:   N.   Car.    M.   J.,    1886,  bons:  Pacific  M.  and  S.  J.,  1883-4, 

xviii.,  21,  §  gr.  xxvi.,  265,  plus  digitalis.  Biden:  Brit. 

'Tr.  M.  Soc.  Tenn.,  1901,  310.  M.  J.,  1891,  i.,  284,  plus  chloroform. 

'  Boston  M.  and  S.  J.,  1890,  cxxii.,  Campbell:  Ibid.,  1893,  ii.,  12.  Weller: 

133.    See   also    Miner:    Buffalo    M.  /bid.,  p.  116,  plus  conium.     Zenner: 

andS.J.,  1869-70,  ix.,  134.     Pharm.  New    Engl.   M.   Mthly.,   1897,    xvi., 

J-  and  Tr.,   1871-2,   3   s.,'  ii.,    337.  469. 

Kramer:  Cineinn.  Lanc.-Clin.,  1900,  =  Axtell:  N.  York  M.  J.,  1890,  li., 

n-  s.,  xlv.,  10.     Raw:  Brit.    M.   J.,  146. 
1895,  ii.,  76.  «  Riv.  sper.  d.  freniat.,  etc.,  1885, 

*Flint:  Buffalo M.  J.,  1857-8,  xiii.,  xi.,  S3. 
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morphin,  and  to  be  free  from  strychnin  and  brucin.'  Similar 
cases  have  been  reported  by  Courtenay,^  Anderson,^  Shearmann/ 
Tupper/  Parsons,"  Davidson,'  Feinberg,*  Korner/  Eschle,'" 
Jaksch,"  Lesser,^-  Katzenstein,^^  Aldrich,"  and  Merrill."  When 
strychnin  and  morphin  are  taken  together  in  quantities  approach- 
ing equahty  the  action  of  the  strychnin  sometimes  predominates, 
but  is  mitigated  by  the  antidotal  action  of  the  morphin.'"  In 
other  cases  the  narcotic  action  is  dominant,  and  in  still  others 
the  two  actions  alternate.^' 

The ,  mouth  is  usually  dry  and  the  patient  sometimes  com- 
plains of  thirst,  but  cases  have  occurred  in  which  saliva  flowed 
from  the  mouth.'' 

Vomiting  is  frequently  provoked  only  with  difficulty,  but  in 
a  few  instances  it  has  been  known  to  occur  spontaneously,"  in 
two  of  which  the  reporter  suspects  that  some  of  the  morphin 
had  been  converted  into  apomorphin.-"  One  patient  was  aroused 
out  of  coma  by  a  sudden  attack  of  vomiting  eight  hours  after 
having  swallowed  3ij  of  laudanum,  which  caused  his  death 
four  hours  later. ^' 

Contraction  of  the  pupils  is  one  of  the  most  constant  symp- 
toms of  opium  poisoning,  yet  in  a  few  reports  they  have  been 
described  as  dilated.     Two  of  these  are  early  cases  in  which  the 


'  The  tetanic  symptoms  are  some-  '^  Vrtljschr.    f.   ger.    Med.,   1898, 

times    ascribed    to    thebain,    which  3  F.,  xv.,  H,  Case  85. 

accompanies     morphin     in     opium;  "  Munch,  med.  Wchnschr.,  1902, 

but   the   cases   here    cited    are    all  xlix.,  1840,  infant  twenty-four  days, 

morphin    cases   except   Eschle's,  '*  Phila.  M.  J.,  1903,  xi.,  613. 

laudanum.  '*  Chicago   Clin.,    1903,   xvi.,   84, 

2  Brit.  M.  J.,  1879,  ii.,  615.  child  one  month. 

=  Am.  J.  M.  Sc,  184S,  n.  s.,  xvi.,  "  Stadeler:  N.  Orl.  M.  and  S.  J., 

347.  1SS7-S8,   n.   s.,   xv.,   200.     Marvin: 

*  Med.  Times  and  Gaz.,  1857,  xiv.,  Med.  Herald,  Louisville,  1879,  i.,  4. 
235.  "  See  p.  1048. 

*.  Boston  M.  and  S.  J.,   1S79,  ci.,  "  Alexander:   Wien.  med.  Presse, 

619.  1865,   vi.,   754.     Hennessy:  Albany 

"  Med.    Pr.     and    Circ.,     London,  Med.  Ann.,   1889,  x.,  247  (Case  II). 

1881,  n.  s.,  xxxi.,   507.  Hawkes:     Lancet,     1881,     i.,     209. 

'  Atlanta  M.  and  S.  J.,  1SS5,  n.  s.,  Rosenthal:      Berl.     kl.     Wchnschr., 

ii.,  595.  1893,  xxx.,  1189. 

*  Codex   Med.,  Phila.,    1894-5,   i.,  '»  Bailey:  Phila.  M.  and  S.  Reptr., 
328.  1872,     xxvi.,     77.     Davy:     Cincin. 

"Deut.    med.    Wchnschr.,     1896,  Lancet  and  CI.,  1880,  n.  s.,  iv.,  101; 

xxii.,  223.  Ph.  J.  arid  Tr.,  1880-81,  3  s.,  x.,  598. 

'°Ther.  Mntsh.,  1896,  x.,  236,  girl  ^o  pgjjyj^ory :    Wien.   med.  Presse, 

four  years.  1883,  xxiv.,  208. 

';Prag.    med.    Wchnschr.,    1S97,  ^i  j^p^j^g.  Soutiiwest.M.Rec.,1898, 

xxii.,  477,  infant  fourteen  days.  iii.,  444. 
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symptoms  were  otherwise  those  of  opium  poisoning.'  In  Bro- 
chin's  case^  the  patient  was  in  a  condition  of  general  contraction 
at  the  time  of  the  observation;  and  in  Cartaz'  case^  the  patient, 
who  had  received  the  morphin  hypodermically  in  the  course  of 
medical  treatment  in  which  habituation  had  been  established, 
had  hallucinations,  and  fell  to  the  floor  in  syncope,  with  staring 
eyes  and  pupils  widely  dilated.  In  Salyiat's  case*  the  symp- 
toms were  of  a  tetanic  type,  and  the  pupils  were  "not  con- 
tracted." In  Eschle's  case'  in  a  girl  of  four  years  the  symptoms 
also  simulated  those  of  strychnin  and  the  pupils  were  dilated 
ad  maximum.  An  observation  of  Cheever's^  shows  that  the 
dilatation  of  the  pupils  observed  at  autopsies  takes  place  at  the 
time  of  death.  The  pupils  were  under  examination  and  "just  at 
the  instant  of  dissolution  the  pupils  became  largely  dilated,  as 
if  moved  by  a  spring,  and  remained  in  that  condition."  Peter- 
son' also  notes  that  the  pupils  dilate  when  death  is  imminent.  In 
Williams'  case^  also  the  pupils  were  widely  dilated  fifteen  minutes 
before  death.  In  Mittenzweig's  case"  first  one  pupil  dilated  and 
then  the  other. 

The  symmetrical  contraction  of  the  pupils  in  opium  poison- 
ing has  been  relied  upon  as  an  important  factor  in  the  differen- 
tial diagnosis  of  opium  poisoning  from  hemorrhage  in  the  pons 
Varolii,  which  causes  unsymmetrical  contraction  of  the  pupils. 
Four  eases  have  been  reported  in  which  in  opium  poisoning  the 
pupils  were  unsymmetrically  contracted.'"  Nothing  is  said  of 
the  position  of  the  patient  in  Gaston's  case.  Stonehouse  ob- 
served that  the  patient  was  lying  upon  the  right  side,  and  the 
right  pupil  was  the  smaller.  Thinking  that  the  position  might 
be  the  cause  of  the  inequality,  he  put  the  patient  squarely  upon 
his  back,  when  the  pupils  became  equal  and  remained  extremely 
contracted.'' 

'Ann.  d'hyg.,  etc.,  1845,  xxxiii.,  .  «  Ztsohr.    f.   Med.-Beamte,    1889, 

212.    Toogood:  Prov.  M.  and  S.  J.,  ii.,  375. 

1841,  iii.,  129.  "  Keith:  Chicago  M.  J.  and  Exam., 

'Gaz.d.  hop.,  1877,  1.,  227.  1879,    xxxix.,     276.     Gaston:    Tex. 

'France  m^d.,  1878,  xxv.,  593.  Cour.  Rec.  of  M.,  1884-85,  ii.,  616. 

.   '  Union  mM.  de  la  Gironde,  1859,  Stonehouse:     Albany     Med.     Ann., 

IV.,  314.  1882,     iii.,     241.     Gilroy:     Lancet, 

'Ther.Mntsh.,  1896,  x.,  236.  1898,  ii.,  688.     See  also  Dana:  Post- 

"Med.  Times  and  Gaz.,  1882,  i.,  Grad.,  1896,  ii.,  471. 

63.  11  Taylor  ("Poisons,"  3d  Am.  ed., 

'  Mobile  M.  and  S.  J.,  1902,  i.,  223.  529)  says:  "In  a  case  referred  to  me 

Northwest.  Lancet,  1898,  xviii.,  in  1846  one  pupil  was  contracted  and 

'92.  the  other  dilated."     Apparently  Dr. 
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Other  Opium  Alkaloids. — From  the  results  of  experiments  on 
animals  CI.  Bernard'  arranged  the  principal  opium  alkaloids 
according  to  their  several  actions  in  the  following  orders:  tox- 
icit}' — thebain,  codein,  papaverin,  narcein,  morphin,  narcotin; 
narcotic — nercein,  morphin,  codein;  tetanizing — thebain,  papav- 
erin, narcotin,  codein,  morphin.  From  experiments  upon  him- 
self Rabuteau"  reached  somewhat  different  comparisons:  toxi- 
city— morphin,  codein,  thebain,  papaverin,  narcein,  narcotin; 
narcotic — morphin,  narcein,  codein;  analgesic — morphin,  narcein 
thebain,  papaverin,  codein.  Neither  Bernard  nor  Rabuteau 
found  the  alkaloids  other  than  those  mentioned  to  be  possessed 
of  any  soporific  action. 

Chemically  the  natural  opium  alkaloids  may  be  classified 
into  two  groups:  One,  including  morphin,  codein  and  thebain, 
yield  phenanthrene  and  morpholin  on  decomposition;  the  other, 
including  papaverin  and  narcotin,  are  isoquinolin  derivatives. 
PaP  states  that  the  morpholin  alkaloids  exert  an  action  on  the 
ganglia  of  the  intestine,  which  is  not  manifested  by  the  iso- 
quinolin alkaloids.  The  previous  results  of  Rabuteau  also  point 
in  the  same  direction. 

Several  artificially  prepared  morphin  derivatives  are  now 
used  medicinally:  Dionin  is  the  hydrochlorid  of  ethylmorphin, 
CjjHjjNO.OH.O.CjHj,  and  is  closely  related  to  codein,  which 
is  methylmorphin,  Ci7Hi7NO.O.CH3;-  Peronin  is  the  hydro- 
chlorid of  benzylmorphin,  CijHjjXO.OH.O.CHj.CgHs;  and 
Heroin  is  diacetylmorphin,  C^Hi-XO.  (O.C,H30)2.  Although 
the  pharmacological  and  therapeutical  literature  of  these  bodies 
is  very  voluminous,  they  have  not  yet  become  of  toxicological 
interest. 

Six  cases  of  poisoning  by  codein  have  been  reported.*  The 
symptoms  differed  materially  from  those  caused  by  morphin. 
There  were  nausea,  vomiting,  and  abdominal  pain.  Athough 
somnolent,  the  patients  were  very  uneasy,  with  more  or  less 

Taylor  did  not  see  this  patient  him-  *  MjTtle:  Br.  il.  J.,  1874,  i.,  478. 

self  and  he  does  not  state  the  condi-  AmbTOSoli:    Gazz.    med.    it.   lomb., 

tions  under  which  the  observation  lS7o,   xxxv.,   41.     Walsh:   Brit.  M. 

was  made.  J.,    1889,    ii.,    71S.     Mettenheimer: 

'  Bull.     g^n.     de    th^rap.,     1864,  Memorab.,   Heilbr..   1891-92,  n.  F., 

xlvii.,  193.  xi.,  136.     Medvei:  Intern,  kl.  Rund- 

^  Gaz.  hebd.  de  m^d.,   1S72,  2  s.,  schau,    1892,   vi.,    14-57.     Spratling: 

IX.,  2(U,  2!!,-,.  Med.  Rec,  X.  Y.,  1893,  xliv.,  SI. 

HItblt.  f.  Physiol.,  1902,  xvi..  lis. 
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redness  and  itching  of  the  skin,  and  the  sensibility,  at  first  di- 
minished, afterward  became  greatly  increased.  Later  the 
pulse  become  weaker,  and  there  was  tendency  to  asphyxia.  In 
Medvei's  case  the  eyes  were  prominent,  the  conjunctivae  greatly 
injected,  and  the  pupils  somewhat  dilated.  In  the  other  cases 
the  pupils  were  markedly  contracted.  The  patients  were  not 
narcotized. 

Diagnosis. — Can  a  diagnosis  of  opium  poisoning  be  made 
from  the  symptoms  alone?  The  answer  of  this  question  will 
depend  upon  the  force  attached  to  the  word  "diagnosis"  (see 
p.  123).  While  a  "working  diagnosis,"  amounting  to  an  ex- 
tremely strong  probability,  almost  a  certainty,  may  frequently 
be  made  from  observation  of  the  patient  and  his  surroundings, 
including  the  history  of  the  attack,  a  "positive  diagnosis" 
cannot  be  made  from  the  appearances  and  statements  of  the 
patient  alone,  and  can  be  reached  only  when  these  are  supple- 
mented by  the  results  of  the  autopsy  and  the  detection  of  mor- 
phin  by  chemical  methods,  or  evidence  from  the  history  of  the 
attack  and  proof  of  the  presence  of  morphin  or  opium  in  remains 
of  the  material  which  has  caused  the  poisoning. 

The  conditions  which  resemble  opium  poisoning  in  their 
symptomatology  are  poisoning  by  chloral,  acute  alcoholism, 
apoplexy,  uraemic  coma,  acute  hydrocephalus  in  children,  and 
in  the  tetanic  form,  strychnin  poisoning.  It  is  clear  that  opium 
poisoning  may  coexist  with  any  of  these.  Numerous  cases  of 
combined  morphin  and  chloral  poisoning  have  been  reported. 
Suicides  have  frequently  taken  large  doses  of  opiates  while  under 
the  influence  of  alcohol.  Cerebral  congestion  is  always  observed 
in  opium  poisoning,  and  in  persons  whose  arteries  are  degen- 
erated cerebral  extravasations  or  hemorrhages  may  be  provoked 
by  large  doses  of  opiates.  Persons  suffering  from  Bright's 
disease  are  peculiarly  susceptible  to  the  action  of  morphin. 
We  have  known  a  child  suffering  from  acute  hydrocephalus  to 
recover  from  severe  opium  poisoning  and  to  die  of  the  disease  in 
a  short  time  thereafter.  Finally  we  have  seen  above  that 
strychnin  and  morphin  hav.e  been  taken  in  combination.  In 
such  cases  the  difficulty  of  determining  which  of  the  two 
factors,  if  either,  was  the  predominating  cause  of  death  is 
sometimes  insuperable.  Indeed  it  is,  as  it  was  in  Fisk's  case, 
sometimes  difficult  to  determine  positively  whether  death  was 
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finally  due  to  a  gunshot  wound  or  to  morphin  subsequently- 
administered. 

Coma,  which  is  the  prominent  manifestation  in  opium  poison- 
ing in  its  usual  form,  is  most  frequently  otherwise  produced  in 
apoplexy,  in  acute  alcoholism,  or  in  uraemia.  The  points  of 
distinction  may  be  thus  summarized:  1.  Apoplexy:  abrupt  aboli- 
tion of  sensibility  and  motility;  no  convulsive  phenomena; 
dilated  pupils;  -paralysis,  usually  hemiplegia;  slow,  full  pulse; 
regular  sterterous  respiration,  not  so  slow  as  in  opium  poisoning; 
lesions  at  autopsy.  2.  Alcoholic  coma:  antecedents,  more  or 
less  evidence  of  chronic  alcoholism;  convulsions  to  delirium 
tremens;  face  congested,  eyes  injected;  snoring,  rather  sterterous 
respiration;  pupils  most  frequently  dilated^  odor  of  alcohol  in 
the  breath;  no  paralyses;  irrational  if  roused.  3.  Uraemic  coma: 
previous  history  of  kidney  disease;  anasarca;  coma  preceded  by 
epileptiform  convulsions;  albumin  and  casts  in  urine;  lesions  at 
autopsy.  4.  Opium  coma:  initial  period  of  excitement;  then 
somnolence,  gradually  increasing  in  intensity  to  profound  coma; 
very  slow  respiration,  frequently  loud,  and  diminishing  in  fre- 
quency; pupils  contracted  to  pin-points;  profuse  perspiration; 
cold  extremities;  morphin  in  vomit,  stomach  contents,  and  lavage 
fluid. 

Treatment. — The  treatment  in  cases  of  acute  opium  or 
morphin  poisoning  should  be  directed  first  to  removal  of  any  of 
the  poison  still  remaining  in  the  stomach,  and,  second,  to  the 
prevention  of  coma  or  cessation  of  respiration  until  the  processes 
of  elimination  have  removed  that  portion  of  the  poison  which 
has  been  absorbed. 

The  first  object  is  best  attained  by  thoroughly  washing  out 
the  stomach  with  a  solution  of  potassium  permanganate,  as 
suggested  by  Moor,^  by  means  of  the  stomach-tube  or  siphon, 
and  leaving  some  of  the  same  solution  in  the  stomach  at  the  end 
of  the  washing.-  The  lavage  should  be  done  in  any  case,  even 
at  the  risk  of  temporarilj^  arresting  the  respiration.  The  me- 
chanical removal  in  this  manner  is  preferable  to  the  exhibition 
of  emetics,  as  these  frequently  fail  to  act.     It  is  only  when  solid 

■  Med.  Rec,  N.  Y.,  lSfl4,  xlv.,  "  If  the  solution  be  left  in  the 
200;  18115,  xlvii,  266;  xlviii.,  611;  stomach,  or  if  it  be  used  hypodermic- 
New  York  M.  J.,  1895,  xli.,  1491.  ally  (see  below)  the  sodium  salt 
Sharp:  Ther.  Gaz.,  1895,  3  s.,  xi.,  should  be  used  to  avoid  the  toxicity 
657.  of  the  potassium  compounds. 
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opium  has  been  swallowed  in  masses  too  large  to  enter  the  pipe 
(a  most  exceptional  condition)  that  an  emetic  of  zinc  sulfate  or 
of  apomorphin  is  to  be  preferred.  The  lavage  of  the  stomach 
should  not  be  omitted  even  if  a  poisonous  dose  has  been  hypo- 
dermically  administered,  as  Alt^  has  shown  that  morphin  so 
administered  is  ehminated  to  a  notable  extent  by  the  stomach, 
and  that  lethal  doses  adminstered  hypodermically  are  rendered 
harmless  by  washing  out  of  the  stomach.  If  any  considerable 
time  have  elapsed  since  the  poisoning  the  intfestine  should  also 
be  evacuated  by  high  irrigation.  McCrudden^  advises  the 
administration  of  intestinal,  irritants,  such  as  squills  or  senega, 
to  promote  elimination.  If  the  case  be  seen  in  its  earlier 
stages,  before  the  sopor  has  become  deep,  the  patient  should 
be  aroused  if  somnolent  by  cold  affusions  to  the  head  and  spine, 
while  the  feet  are  immersed  in  hot  water,  followed  by  friction 
to  avoid  undue  diminution  of  body  temperature,  by  flagellation 
to  the  palms  and  soles,  or  to  the  back  with  damp  towels,  or  by 
the  use  of  the  faradic  current.  The  patient  having  been  suffi- 
ciently aroused  is  to  be  kept  awake  by  the  "  ambulatory  treat- 
ment": walked  between  two  persons,  preferably  in  the  open  air  if 
the  weather  permit,  but  not  in  the  direct  sunlight.  There  should, 
however,  be  a  limit  to  the  efforts  to  arouse  the  patient  and  to 
keep  hina  awake.  The  brutal  treatment  of  patients  described 
in  some  reports  is  neither  necessary,  serviceable,  nor  excusable. 
In  the  use  of  the  ambulatory  treatment  is  must  not  be  forgotten 
that  in  some  cases  the  patient  cannot  be  kept  awake,  and  that 
in  these  a  persistence  in  "  walking"  him  only  results  in  exhaustion 
which  intensifies  the  subsequent  coma.^  In  such  cases  as  well 
as  in  those  in  which  there  is  threatened  or  actual  failure  of 
respiration,  artificial  respiration  is  to  be  resorted  to,  aided  by  appli- 
cation of  the  faradic  current  (see  p.  115).  Artificial  respiration,  to 
be  of  service,  must  be  persisted  in,  sometimes  for  several  hours, 
so  long  as  the  heart's  action  continues.  The  danger  of  causing 
traumatic  pneumonia  by  too  great  pressure  during  prolonged 
artificial  respiration  must,  however,  not  be  lost  sight  of."     This 

'  Berl.  kl.  Wchnschr.,  1889,  xxvi.,  1896,  xiv.,  10.     Kipp:  Amer.  Pract. 

*0.  and  News,  1904,  xxxvii.,  135. 

Arch.  f.  exp.  P.  u.  P.,  1910,  Ixii.,  'Isham:  Med.   News.,   1882,  xli., 

*>'!.    Seep.  976.  32,  Case  II.     Griscom:  St.  Louis  M. 

'McDonald:    Med.     Rec,     1895,  and  S.  J.,  1872,  n.  s.,  ix.,  353. 


dviii,, 


466.    Evans:    Med.    World, 
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danger  may  be  avoided  and  other  advantages  secured  by  re- 
sorting to  O'Dwyer's  method  of  intubation  of  the  larynx.'  The 
inhalation  of  pure  oxygen,  which  aids  materially,  is  facilitated 
by  this  method;  which  is  also  to  be  preferred  to  that  by  "forced 
respiration"  suggested  by  Fell.^  From  the  results  of  experi- 
ments on  dogs  Gaertner^  has  proposed  the  intravenous  infusion 
of  gaseous  oxygen.  Venesection  with  infusion  of  normal  saline 
solution  has  been  resorted  to  with  benefit  in  this  as  well  as  in  other 
alkaloidal  poisonings.*  Other  mechanical  operations  have  been 
recommended,  but  are  of  questionable  value;  tracheotomy,' 
transfusion  of  milk,"  anal  dilatation,'  enemata  containing  vin- 
egar* or  salt  solution,"  and  heart  massage.'"  The  use  of  the 
catheter  should  not  be  neglected,  even  after  the  violent  symptoms 
have  abated  if  necessary." 

Of  the  so-called  antidotes  strong  coffee  by  the  mouth  or 
rectum,  or  caffein  hypodermically,  and  brandy,  ether  or  am- 
monia by  the  same  method  are  certainly  of  value.  Although  the 
permanganates  certainly  oxidize  morphin  to  oxydimorphin  in 
the  stomach,  it  is  doubtful  whether  the  beneficial  results  which 
have  been  obtained  by  their  hypodermic  injection  by  Moor  and 
others  is  due  to  the  same  action.  The  utility,  indeed  the  freedom 
from  danger,  of  atropin  is  highly  questionable.  While  its  use 
has   been   advised   in   comparatively   recent  years  by  Krafft- 


'0'Dwyer:N.  YorkMed.  J.,  1888,  « Sears:    Tr.    Colorado    M.    Soc, 

xlvii.,    255.     Vorhees:    Med.    Rec,  1884,     107.     Gilliam:     Med.    Rec, 

1895,  xlviii.,  768.     Peterson:  Mobile  ISSo,  xxvii.,  679. 

M.  and  S.  J.,  1902,  i.,  223.     Lehn-  'Pyle:    Med.    News,    1894,   Ixiv., 

dorff :  Mitth.  d.  Ges.  f.  inn.  Med.,  etc.,  514. 

in  Wien,  1908,  vii.,  179.  «  Hirschberg:     Ztschr.    f.    Med.- 

"  Buffalo   M.   and   S.   J.,    1887-S,  Beamte,    1898,   xi.,    1.     Ripperger: 

xxvii.,  145;  Tr.  New  York  M.  Ass.,  N.    Yorker    med.    Mntschrl,    1902, 

1889,   vi.,   316;  J.   Am.   Med.   Ass.,  xiv.,  368. 

1892,     xix.,     130.      Vanderburg:  '  Sweringen:  Cincinn.  Lanc.-Clin., 

Columbus   M.   J.,    1890-1,   ix.,    103.  1902,  n.  s.,  xlix.,  120. 

Carr:  Virginia  M.  Semi-Mthly.,  1898,  '»  Gorton:  Med.  News,  1893,  Ixiii., 

iii.,   314.     Kramer:  Cincinn.  Lane.-  266.     Korner:    Deut.    med.    Wchn- 

Clin.,  1900,  n.  s.,  xlv.,  10.  schr.,  1896,  xxii.,  223.     Katzenstein: 

^  Wien.    med.    Wchnschr.,    1902,  Munch,  med.  Wchnschr.,  1902,  xlix., 

XV.,  691,  727.  1840. 

'Marshall:  Indian  M.  Gaz.,  1896,  "Williams     (Northwest.  .Lane, 

xxxi.,  210.     Blackburn:  Med.  News,  1898,  xviii.,  192)  reports  a  laudanum 

1897,    Ixxi.,    208.     Caskie:    Lancet,  case  which  required  the  catheter  for 

1904,  i.,  664.  four  days. 

'Lewis:  Wkly.  Med.  Rev.,   1888, 
xvii.,  412. 
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Ebing,'  Sticker,^  Vollmer/  Husemann/  Kionka/  Kobert,* 
and  others,  it  has  also  been  condemned  as  not  only  useless,  but 
dangerous  by  Unverricht,'  Lenhartz,*  Knapstein,"  Orlowski/" 
Lepme,"Reichert,'=andEly;i3and  Vibert,"  Bashford,i5KunkeV« 
Raaf,"  Brouardel,'^  and  Roch^"  advise  its  use  with  cautions  as  to 
the  magnitude  of  the  dose,  and  its  repetition  or  not.  Cases  have 
occurred  in  which  medication  has  converted  a  simple  morphin 
poisoning  into  a  compound  morphin-atropin  one.-°  Strychnin,^' 
nitroglycerin,-^  cocain,^*  and  picrotoxin^**  have  also  been  recom- 
mended as  antidotes;  and  jaborandi  to  favor  elimination  by 
stimulating  the  secretion  of  the  perspiration. 

Gioffredi-'  claimed  to  have  obtained  an  anti-morphin  serum 
from  dogs  under  morphin,  and  Hirshlaff^*  described  a  similar 
product  from  rabbits,  but  the  results  of  the  latter  have  been 
criticised  by  Emmerich,"  Morgenroth,^*  and  v.  Mankovszky.-' 


'Wien.  med.  Presse,  1891,  xxxii., 
746. 

^Ctblt.  f.  kl.  Med.,  1891,  xii.,  969; 
1892,  xiii.,  233. 

=  Arch.  f.  exp.  P.  u.  P.,  1892, 
XXX.,  385. 

'Penzoldt  u.  Stintzing:  "Handb. 
d.  spec.  Therap.,"  1895,  ii.,  306. 

'"Grundr.  d.  Tox.,"  1901,  325. 
""Intoxikationen,"      2te      Aufl., 
1906,  978. 

'Ctblt.  f.  kl.  Med.,  1891,  xii., 
849;  1892,  xiii.,  49;  Wien.  med. 
Wchnschr.,  1892,  xiii.,  878,  922. 

'Deut.  med.  Wchnschr.,  1886, 
xii.,  712;  Arch.  f.  exp.  P.  u.  P.,  1887, 
xxii.,  337;  Deut.  Arch.  f.  kl.  Med., 
1886-7,  xl.,  574;  Milnch.  med. 
Wchnschr.,  1886,  xxx.,  289. 

'  Diss.,  Bonn,  1878. 

"Diss.,  Dorpat,  1891. 

"  Semaine  m^d.,  1897,  xvii.,  9. 

"'Phila.  M.  J.,  1901,  vii.,  474. 

'' Yale  Med.  J.,  1903,  x.,  119. 

"  "Precis  de  tox.,"  1900,  p.  638. 

"Arch.  int.  de  pharmacod.,  1901, 
vui.,  311. 

""Handb.  d.  Tox.,"  1901,  812. 

"Therap.  d.  Gegenw.,  1904,  xlv., 

ooU. 

;^Ann.d'hyg.,.1905,4s,,  iv.,  35. 
'"  Bull,  g^n.de  therap.,  1907,  cliii., 
613. 

'"  Butler:  St.  Joseph  M.  Herald, 
1»»4,  u.,  38.     Beall:  Tr.  Mississippi 


M.  Ass.,  1886,  93.  Bradford  and 
Colcord:  Indian  Lancet,  1899,  xiv., 
217.  Coleman:  Brit.  M.  J.,  1899, 
ii.,  1731.  Lowe:  St.  Earth.  Hosp. 
J.,  1901-2,  ix.;  26.     See  also  p.  876. 

-1  Fletcher:  South.  Practit.,  1888, 
X.,  419.  Davidson:  Tr.  M.  Ass. 
Georgia,  1889,  207.  Brown:  Tr. 
Louisiana  M.  Soc,  1889,  116, 
Lupine:  Semaine  m^d.,  1897,  xvii.,  9. 
Willoughby  (Lancet,  1902,  i.,  1316) 
relates  a  case  in  which  the  spasms 
caused  by  strychnin  {^  gr.  in 
one  hour)  made  artificial  respiration 
difficult. 

22  Speer:  New  York  M.  J.,  1890,  lii., 
545. 

2'  Williams:  Northwest.  Lancet, 
1898,  xviii.,  192.  Barnes:  Phila. 
M.  J.,  1901,  viii.,  1100.  Britt: 
Alabama  M.  J.,  1903,  xv.,  118. 
Gaston:  Med.  Rec,  1905,  Ixviii.,  67. 

"Bokai:  Virch.-H.  Jbt.,  1889, 
xxiv.,  1,  426. 

"  Gazz.  internaz.  d.  sc.  med.,  1898, 
n.  s.,  XX.,  863;  Arch.  ital.  de  biol., 
1901,  xxxi.,  398. 

2"  Berl.  kl.  Wchnschr.,  1902, 
xxxix.,  1149,  1174. 

"  Deut.  med.  Ztg.,  1903,  xxiv.,  89. 

2s  Berl.  kl.  Wchnschr.,  1903,  xL, 
471. 

2»  Ctblt.  f .  Bakt.,  etc.,  1  Abt.,  1907, 
xliii.,  Orig.,  494. 
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Elimination — Fate. — Whether  morphin  be  administered  by 
the  mouth  or  hypodermically,  it  is  ehminated  principally  by  the 
alimentary  canal.  Rosenthal/  in  a  patient  receiving  medicinal 
doses  of  morphin  hypodermically,  whose  secretion  of  saliva 
was  abundant,  found  that  fluid  to  contain  considerable  quan- 
tities of  the  alkaloid,  and  he  recommends  its  examination  for 
purposes  of  diagnosis.  Although  Vogt^  was  the  first  to  detect 
morphin  in  the  stools  of  a  morphinist,  Alt^  first  demonstrated 
its  elimination  by  the  stomach.  He  found  that  by  washing 
the  stomach  after  hypodermic  injection  of  morphin  about  one-half 
of  the  amount  injected  is  recoverable,  and  that  the  elimination 
begins  in  from  one  to  three  minutes,  continues  actively  for  half 
an  hour,  then  becomes  less  active,  and  finally  ceases  completely 
in  from  fifty  to  sixty  minutes.  Hamburger*  found  both  mor- 
phin and  meconic  acid  in  the  first  stomach  washings  in  a  case 
of  opium  poisoning  per  os,  but  only  morphin  in  those  taken  two 
and  a  half,  five  and  a  half,  and  thirteen  and  a  half  hours  after  the 
ingestion.  These  last  were  the  product  of  gastric  elimination. 
Binz,  ^experimenting  with  three  men,  found  morphin  in  the  stomach 
contents  two  and  a  half  minutes  after  hypodermic  injection  of 
0.03  gm.  (j  gr.)  morphin,  traces  in  forty  minutes,  but  more 
in  one  hour.  Tauber,^  in  experiments  with  dogs,  recovered 
41.3  per  cent,  of  morphin,  hypodermically  administered,  in  the 
faeces,  and  Faust,'  70.9  and  62.21  per  cent,  by  similar  experi- 
ments. Vogt's*  subject  took  1.3  gm.  morphin  daily  per  os, 
and  every  second  day  2  gm.  hypodermically,  and  the  amounts 
recovered  from  the  fseces  were  quantitatively  determinable. 
Morphin  has  also  been  detected  in  the  faeces  after  hypodermic 
administration  by  Jacques,*  Landsberg, '"  Eliassow,"  Burkart," 
Marme,''  Leineweber,"  Hamburger, ^^  Bungers,"  and  Ely."     In 

>  Berl.  kl.  Wchnschr.,  1S93,  xxx.,  ''Ibid.,  1900,  xliv.,  217. 

1189.     See   also:   Stolnikow:  Ztsch.  ^  Loc.  cit. 

f.   physiol.  Chem.,    1S84,   viii.,   259.  »  These,  Bruxelles,  1880. 

Guinard:   C.   r.   Soc.  de  biol.,  1895,  "  Pflug.  Arch.,  1880,  xxiii.,  413. 

10  s.,  ii.,  370.  Ji  Diss.,  Konigsberg,  1SS2. 

2  Arch.  d.Pharm.,  1875,  vii.,  23.  '^^-^ygj^.     jntth.   u.   chr.  Morph.- 

'  Berl.  Id.  Wchnschr.,  1889,  xxvi.,  Verg.,"  Bonn,  1882. 
560.  "Deut.    med.    Wchnschr.,   1883, 

*  Johns     Hopkins     Hosp.      Bull.,  ix.,  197. 
1894,  v.,  94.  i«  Diss.,  Gottingfen,  1883. 

'  Quoted  by  Troeger:  Friedreich's  '^  Loc.  cit. 

Bl.  f.  ger.  Med.,  1901,  lii.,  391.  "  Arch.  f.  exp.P.u.P.,  1895,xxxv., 

"  Arch.  f.  exp.  P.  u.  P.,  1890,  xxvii.,  417. 
336.  1'  Yale  M.  J.,  1903,  x.,  119. 
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experiments  with  rabbits  Neumann/  and  Tetze^  failed  to  obtain 
so  large  a  proportion  in  the  faeces  as  those  found  by  Tauber  and 
Faust  in  dogs,  probably  because  of  greater  reabsorption  in  the 
long  intestine  of  rabbits.  According  to  Stassano/  morphin  is 
eliminated  by  the  stomach  and  intestine  in  combination  with 
nucleins,  which  may  be  separated  by  Halliburton's  method. 
As  morphin  stimulates  the  gastric  secretion*  it  favors  its  own 
elimination. 

Although  in  quite  a  number  of  undoubted  opiate  poisonings, 
as  well  as  in  cases  of  morphinists  taking  large  quantities,  analyses 
of  the  urine  have  failed  to  show  the  presence  of  morphin,^  its 
presence  in  that  excretion  has  been  demonstrated  repeatedly 
in  human  cases  and  in  experiments  on  animals,"  and  in  one  of 
Leaser's  cases  of  post-mortem  analysis^  it  was  found  in  the  urine, 
but  not  elsewhere  in  the  cadaver.  The  renal  elimination,  how- 
ever, plays  a  secondary  part  to  that  by  the  alimentary  canal,  and, 
with  small  doses  may  be  inoperative. 

The  failures  to  detect  morphin  in  the  urine  have  led  to  the 
supposition  that  the  alkaloid  is  modified  and  rendered  unde- 
tectable in  the  system.*  The  experiments  of  Rubsamen'  tend 
to  show  that  a  certain  proportion  of  injected  morphin  disappears 
in  the  bodies  of  rats,  and  that  this  proportion  is  increased  by 
habituation.     The  changes  said  to  occur  are  by  oxidation  or  by 


'  Diss.,  Konigsberg,  1893.  1884.     Stolnikow:  Ztschr.  f.  physiol. 

^Chem.Ztg.,  1903,  xxvii.,  1239.  Chem.,  1884,  viii.,  235.     Nolta  and 

'C.r.  Soc.  debiol.,  1902,  11  s.,  iv.,  Lugan:  J.  de  ph.  et  de  ch.,  1884,  5  s., 

1100.  X.,  462.     Scheid  (Langsdorff) :  Vrtl- 

'Riegel:  Ztschr.  f.  kl.  Med.,  1900,  jschr.  f.  ger.  Med.,  1885,  n.  F.,  xliii., 

xl.,    347.     Schneider:    Wien.    med.  212.     Neumann:    hoc.   cit.     Worm- 

Wchnschr.,    1902,   xv.,   468.     Fugi-  ley:  Univ.  M.  Mag.,  1889-90,  ii.,  399. 

tani:    Arch.    int.    de    pharmacod..  Hamburger:    Quart.    J.    of    Inebr., 

1905,  xiv.,  22.     McCrudden:  Arch.f.  1895,   xvii.,    15.     Marquis:   Arb.   d. 

exp.P.  u.  P.,  1910,  Ixii.,  374.  pharm.  Inst,  zu  Dorpat,  1896,  xiv., 

'Kreyssig:   Diss.,    Leipzig,    1856.  118.     Bisohoff    (Lesser):    Vrtljschr. 

Vogt;     Landesberg;    Burkart:  Loc.  i.  ger.  Med.,  3  F.,  xv.,  41,  in  seven 

at.    Donath:    Pflug.    Arch.,    1886,  cases  of  seventeen.     Faust;  Totze: 

xxxviii.,     528.     v.     Jaksch:     Prag.  Loc.    cit.     Autenrieth:     Ber.     d. 

med.  Wchnschr.,  1897,  xxii.,  477.  pharm.  Ges.,  1901,  xi.,  494.     Troe- 

'Shearman:  Med.  Times  and  Gaz.,  ger:   Friedreich's    BL   f.   ger.    Med., 

1857,  xiv.,  235.     Lefort:   Bull.  Ac.  1901,  Hi.,  460. 

m^d.,    Paris,    1860-1,    xxvi.,    817.  '  Loc.  cit.,  Case  103. 

Kauzmann:    Diss.,    Dorpat,     1866;  'Cloetta:     Virch.     Arch.,     1866, 

Dragendorff's  "Beitrage,"   1872,  p.  xxxv.,  369.     Buchner:  N.  Rept.  f. 

121;  (Reyher):Deut.  Arch.  f.kl.  Med.,  Pharm.,  1867,  xvi.,  43. 

1868,  iv.,  602.     Eliassow;   Marm6:  »  Arch.  f.  exp.  P.  u.  P.,  1908,  lix., 

Loc.  cit.    Schneider:  Diss.,  Dorpat,  227.     See  also  Faust:    Loc.  cit. 
IV.-62 
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"pairing."  Marm^^  obtained  from  morphin-urine  a  substance 
which  gave  results  differing  from  those  of  morphin  with  the 
Husemann  and  Frcehde  reactions  and  which  he  considered  to  be 
identical  with  the  oxydimorphin  obtained  by  Polstorff  by  oxida- 
tion of  morphin  in  vitro.^  Donath^  and  Stolnikow/  however, 
sought  in  vain  for  oxydimorphin  in  morphin-^rine,  and  Marquis^ 
not  only  failed  to  obtain  it,  but  holds  that  the  substance  ob- 
tained l:)y  Marme  was  not  oxydimorphin.  He  claims  that  mor- 
phin exists  in  the  viscera  in  three  conditions:  unaltered,  as 
"paired  morphin,"  and  as  "modified  (umgewandelt)  morphin." 
The  last-named  presents  certain  resemblances  to  Marm6's  prod- 
uct, but,  being  soluble  in  water,  is  not  oxydimorphin.  Strzy- 
zowski,^  however,  in  experiments  with  rabbits  found  only  un- 
altered morphin.  That  morphin  is  eliminated,  in  part  at  least, 
in  some  form  of  "paired"  combination  in  the  urine  is  highly 
probable.  As  morphin,  through  its  phenolic  hydroxyl,  com- 
bines with  sulfates  to  form  a  compound®  similar  in  structure  to 
the  ester  sulfates  normally  contained  in  the  urine  the  possi- 
bility of  such  formation  in  the  economy  suggests  itself,  and 
Eliassow'  and  Stolnikow'  have  shown  that  the  proportion  of 
ester  sulfates  in  the  urine  is  increased  under  morphin,  but  the 
latter  has  shown  that  monomorphyl  sulfate  is  not  contained  in 
the  urine  after  its  administration  or  that  of  morphin.  The 
occurrence  in  morphin-urine  of  a  reducing  substance,  not  glu- 
cose, suggested  the  occurrence  of  a  glucuronic  pairling  of  mor- 
phin, but  the  recent  investigations  of  Spitta*  go  to  show  that 
this  carbohydrate  component  is  not  glucuronic  acid,  but  an  un- 
known acid,  closely  related  to  laiose,  with  which  morphin  may 
exist  in  pairling  combination.     The  seat  of  such  modification  of 

'  Loc.  cit.  2  R.,  xxxiii.,  559;  Pflug.  Arch.,  1886, 

2  Berichte,   Berl.,   1880,  xiii.,   86;  xxxviii.,     528.     Puschmann:    Diss. 

18S(5,  xix.,   1760.     Brookmann  and  Gottingen,  1895.     Welmans :  Pharm. 

Polstorff:  Ihid.,  1880,  xiii.,  88.     See  Ztg.,    1898,   xliii.,   908.     Stursberg: 

also  Pelletier:  Ann.  de  chim.  et  de  Arch.  int.  de  pharmacod.,  1898,  iv., 

phys.,     1S35,     xvi.,     50.     Hesse:  333.     Bougault:  C.  r.  Ac.  sc,  1902, 

Liebig's  Ann.,  1S67,  cxli.,  87;  1875,  cxxxiv.,  1361.     Gerard,  Delearde  et 

clxxvi.,     l;).5:     1883,     ccxxii.,     234;  Ricquet:  J.  de  pharm.  et  de  chim., 

18S6,   ccxxxiv.,    253;   ccxxxv.,    22!).  1905,  6  s.,  xxii.,  49. 

Vongerichten:   Ihid.,    1896,   ccxciv.,  ^  Loc.  cit. 

206.     Lamal:   Bull.  Ac.  r.  de  m^d.  ■>  Diss.,  Lausanne,  1899,  p.  37. 

de    Belg.,   1888,  4  s.,  ii.,  63!l;  J.  de  =  Loc.  cit. 

pharm.     et     de     chim.,     xix.,     61.  "^  Stolnikow:  Loc.  f?J. 

Diedrich:    Diss.,     Gottingen,     1S83.  '' Loc.  cit. 

Donath:   J.   f.   prakt.   Chem.,    1S86,  *  See  p.  962. 
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morphin  as  does  occur  in  the  economy  is  not  known.  According 
to  Babel/  morphin  is  oxidized  by  brain  pulp  in  vitro,  and  Cloetta^ 
had  previously  supposed  that  nervous  tissues  are  vitally  active 
in  this  direction.  Rubsamen,^  however,  failed  to  verify  this  in 
rats  or  rabbits.  Tauber,"  by  perfusion  experiments  with  liver 
and  kidney  found  that  in  pigs  these  organs  no  not  exert  such  action, 
but  Gerard  and  Ricquet^  found  that  by  maceration  with  horse 
kidney  pulp  morphin  is  oxidized  to  oxydimorphin,  and  the 
latter  is  also  reduced  to  the  former. 

Morphin  is  also  eliminated  by  the  bile,*  and  in  opium  poison- 
ing the  perspiration  has  the  odor  of  the  drug,^  although  Lefort^ 
failed  to  detect  morphin  in  that  secretion.  That  morphin 
passes  into  the  milk  is  shown  by  fatal  poisonings  of  nursing  in- 
fants after  non-local  administration  to  the  mother.' 

Post-mortem  Appearances. — The  autopsy  reveals  no  lesions 
which  are  characteristic  of  opium  poisoning.  The  surface  of 
the  body  is  frequently  livid,  and  rigor  mortis  is  said  to  be  of 
shorter  duration.  The  appearances  are  such  as  are  usually 
observed  after  death  from  asphyxia:  The  blood  is  fluid  and  dark. 
The  vessels  of  the  brain  and  meninges  are  gorged  with  blood, 
and  the  cut  surfaces  of  the  brain  substance  present  numerous 
dark-red  spots.*  The  veins  of  the  scalp  are  also  filled  with  blood. 
Serous  effusions  are  often  met  with  between  the  membranes, 
more  rarely  in  the  ventricles.  The  lungs  are  usually  congested 
or  cedematous.  The  stomach  and  other  viscera  are  normal, 
except  that,  if  a  preparation  of  opium  have  been  taken,  the  odor 
of  that  drug  may  be  observed  on  opening  the  stomach.  The 
bladder  is  usually  full  of  urine.  The  pupils  are  dilated,  yet  in 
one  case  myosis  persisted  after  death.^  The  appearances,  when 
present,  are  only  confirmatory,  and  the  autopsy  is  principally 
of  interest  to  determine  the  presence  or  absence  of  other  causes 

'  Arch.  f.  exp,  P.  u.  P.,  1905,  lii.,  Fubini  and  Cantu:  Unt.  z.  Naturl.  d. 

262.  Mensch.    u.    Th.,    1891,    xiv.,    396. 

'Loc.cit.  Tate:     Cinoin.     Lanc.-Clin.,     1899, 

'C.  r.Soc.  debiol.,  1904,  Ivi.,  904.  n.   s.,  xliii.,   509.     Vialle's  case,   p> 

*  Kauzmann:  Zoc.  «■(,  960. 
.     Bardeen:  Mich.  M.  News,  1881,  *  Rossiter  (Lancet,  1899,  ii.,  1016) 

!■*'■.  156.  in  a  woman  who  had  died  in  seven 

"BuU.  Ac.  de  m^d.,  Paris,  1860-  and  one-half  hours  from  the  effects 

61,.xxvi.,  817.  of     laudanum,     found     the     brain 

Seep.  957;   also  Pinzani:  Ras-  "  very  ansemic." 
segna  di  sc.  med.,  1889,  iv.,  409,  523.  "  Blix,  quoted  by  Husemann  and 

J^umni:  Gazz.  d.  osp.,  1890,  xi.,  35.  Hilger:  "Pflanzenstoffe,"  p.  696. 


980  TOXICOLOGY — WITTHAUS. 

of  death.  The  microscopic  lesions  caused  by  morphin  in  nerve 
cells  have  been  studied  by  Nissl/  Traina,^  Mankowski,'  and 
Alessi  and  Fieri.  ^ 

Detection. — Of  the  many  constituents  of  opium  a  few  only 
are  of  practical  interest  in  this  connection:  morphin,  oxydi- 
morphin,  narcotin,  meconic  acid,  and  codein.  Oxydimorphin 
resembles  morphin  in  many  of  its  reactions  and  is  of  interest  in 
view  of  its  possible  formation  from  morphin  in  the  system,  re- 
ferred to  above.  The  reactions  of  narcotin  and  of  meconic  acid 
may  afford  evidence  that  morphin  found  in  the  body  or  else- 
where exists  there  as  a  constituent  of  some  preparation  of  opium, 
and  not  as  a  salt  of  morphin — a  differentiation  which  may  be  of 
importance  collaterally.  Codein  is  in  use  as  a  medicine  and 
may  itself  cause  poisoning. 

From  what  has  been  said  with  regard  to  its  elimination  it  is 
evident  that  morphin,  however  administered,  will  most  probably 
be  detected  in  the  alimentary  canal,  or  in  the  matters  removed 
from  the  stomach  by  vomiting  or  by  lavage.  Analyses  of  these 
have,  however,  frequently  failed  to  demonstrate  the  presence  of 
morphin  in  well-marked  cases  of  opiate  poisoning,  even  when 
made  soon  after  the  ingestion,  and  under  conditions  apparently 
favorable.*  In  a  few  cases  only  has  morphin  been  found  in  the 
stomach  in  quantitatively  determinable  amount.  Geddings,°in  the 
case  of  a  man  who  died  in  about  an  hour,  separated  morphin  equiva- 
lent to  1 . 5  gr.  (0 .  096  gm.)  of  the  acetate  from  the  stomach  contents. 

'  Miinch.  med.  Wchnschr.,   1898,  5,  6  gr.  acetate  in  3  doses.    Taylor 

xlv.,  1024.  (MacLagan):     "Poisons,"    3d    Am. 

^  Arch.  p.  le  so.  med.,  1898,  xxii.,  ed.,  550,  F.  ad.,  10  gr.  hydrochlorid 

325.  in    5    hrs.,    D.    in    6    hrs.     Ebertz: 

^Russk.arch.path.,  etc.,  1898,  vi.,  Vrtljschr.  f.  ger.  Med.,  1873,  n.  F., 

3  (Russian).  xviii.,    280.     Tidy:    Woodman   and 

'  II  Morgagni,  1901,  xliii.,  345.  Tidy,  "For.  Med.,"  1877,  p.  340,  M, 

^  In  analyses  anterior  to  1860  by  28,   D.  in  about  24  hrs.     Krauss: 

Orfila,  Christison,  Lassaigne,  Bouch-  Friedreich's  Bl.  f.  ger.  Med.,  1887, 

ardat,      Dublanc,     and     Ogston.  xxxviii.,   153,   M.   33,   about  5  gr., 

Maschka:    Vrtljschr.    f.  d.  prkt.  died    in    SJ    hrs.     Priestley:    Brit. 

Heilk.,   1860,  Ixvi.,  65,  child,  i  gr.,  M.  J.,   1S93,  ii.,   1153,  child  3  yrs., 

D.     in     7J    hrs.     (Sieveking):  laudanum,    D.   in   2   hrs.,  meconic 

Lancet,    1861,  i.,  575,    M.   45,  1  gr.  acid    found,    not   morphin.     Lesser 

acetate,      D.  in   17  hrs.     (Taylor):  (Seyda):    Vrtljschr.    f.    ger..    Med., 

Pharm.  J.  and  Tr.,  1863,  n.  s.,  iv.,  1898,  3  F.,  xv.,  47,  Case  101.     In 

622,  M.  52,  D.  in  10  hrs.     Oppen-  two  other  cases  of  this  series,  85,  86, 

heimer:  Deut.  Ztschr.  f.  d.  Stsarz-  Bischoff     found     nothing     in    the 

neik.,  1867,  xxv.,  341,  373,  10  wks.,  stomachs,  but  traces  in  the  urine. 
1    gr.,   D.   in   6   hrs.     Buchner:   N.  » (Shepard) :  Tr.  S.  Carol.  M.  Ass., 

Rept.  f.  Pharm.,  1867,  xvi.,  39,  M.  1880,  xxx.,  25. 
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Autenrieth^  obtained  0.035  of  the  pure  alkaloid  from  200  gm.  of 
the  "organs"  of  a  man  who  had  died  in  three  hours  after  having 
taken  25  gm.  (about  6^  dm.)  of  laudanum.  Stevenson  extracted 
^gr.  morphin  from  10  oz.  of  the  "viscera"  in  Miss  Hickmann's 
case,  in  which  the  circumstances  indicated  hypodermic  admin- 
istration.^ In  one  of  Lessor's  cases^  Bischoff  obtained  30  mgm. 
(0.46  gr.)  of  morphin  from  325  gm.  of  stomach  and  contents 
of  a  man  who  had  died  in  about  fifteen  hours  from  the  effects  of 
an  opiate  the  kind  and  quantity  of  which  is  unstated.  Although 
we  find  no  record  of  a  quantitative  determination  of  absorbed 
morphin  in  individual  organs,  its  presence  has  been  demon- 
strated in  the  liver  and  blood  in  many  cases,  also  in  the  kidneys, 
spleen,  and  heart,  and  in  one  of  Lesser's  cases  in  the  brain,  by 
its  color  reactions.  Analysis  of  the  urine  should  not  be  neglected, 
although  Faust*  states  that  "  the  quantity  appearing  in  the  urine 
either  unchanged  or  modified  can  be  left  out  of  consideration." 
Morphin  withstands  decomposition  in  presence  of  putrefying 
material  well,  but  the  degree  of  decomposition  varies  with  the 
conditions.  Ogier^  states  that  he  has  frequently  failed  to  detect 
it  in  viscera,  which  had  certainly  contained  it,  after  putrefaction 
for  two  weeks  to  one  month.  On  the  other  hand,  it  has  been 
repeatedly  detected  in  putrefying  viscera  by  other  observers 
after  much  longer  periods:  by  Tardieu"  after  forty-five  days,  by 
Nagelvoorf  after  fifty  days,  by  Marm^*  after  eight  weeks,  by 
Marquis'  after  two  months,  by  Proelss'"  after  260  days,  and  by 
Taylor'^  after  fourteen  months.  Kauzmann^"  obtained  morphin 
in  crystals  from  the  body  of  a  cat  killed  by  it,  after  forty  days 
putrefaction.  In  the  case  of  Miss  Hickman,  whose  body  remained 
exposed  for  two  months,  Stevenson*^  determined  morphin  quanti- 
tatively. Tidy"  also  detected  it  in  a  body  which  had  been  found 
dead,  and  proven  to  have  been  so  for  three  months.    Panzer"  de- 

'Ber.   d.    deut.    pharm.    GeselL,  » Ztschr.    f.    anal.    Chem.,    1883, 

1901,  xi.,  494.  xxii.,  635. 

'  Lancet,  1903,  ii.,  1443.  "  Diss.,  Dorpat,  1896,  p.  159. 

'  Loc.  cit.,  Case  94.  i"  Apoth.  Ztg.,  1901,  xvi.,  492. 

*  Arch.  f.  exp.  P.  u.  P.,  1900,  xliv.,  "  "Poisons,"  3d  Am.  ed.,  556. 

217.  '=  Dragendorff's     "Beitrage,"     p. 

•"Chim.tox.,"  1899,  p.  567.  131. 

Empoisonnement,      26me  ed.,  '^^  Loc.  cit. 

1043.  II.  Med.  Times  and  Gaz.,  1868,  i., 

Amer.     J.     of     Pharm.,     1896,  497. 

■xviii.,  374.  1=  Ztschr.  f.  Unt.  d.  Nahr.-  u.  Gen.- 

Mitt.,  1902,  v.,  8. 
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tected  morphin  in  the  bodies  of  two  suicides  which  had  been 
allowed  to  putrefy  during  six  months.  We  have  detected  it  in  two 
cadavers  buried  forty-three  and  fifty-three  days,  both  embalmed.' 
Autenrieth,^  by  two  quantitative  determinations  in  portions  of  the 
same  viscera  made  before  and  after  putrefaction  during  fifteen 
months,  found  a  loss  of  morphin  of  about  ten  per  cent.  Strzy- 
zowski^  made  a  series  of  experiments  with  mixtures  of  muscular, 
stomach,  and  liver  tissues,  to  which  morphin  was  added,  and 
which  were  exposed  to  aerobic  and  anaerobic  putrefaction.  With 
mixtures  of  0.5  morphin  and  300  gm.  of  tissues,  exposed  to 
aerobic  putrefaction,  he  recovered  48.88  per  cent,  after  75  days, 
48.04  after  90  days,  47.66  after  120  days,  48.08  after  150  days, 
and  47.36  after  180  days;  and  with  mixtures  of  5  gm.  morphin 
and  300  gm.  of  tissues,  exposed  to  anaerobic  putrefaction,  95.59 
per  cent,  after  90  days,  92.84  after  100  days,  and  92.44  in  150 
days.  From  Autenrieth's  and  Strzyzowski's  results  it  appears 
that  morphin  does  undergo  decomposition  under  these  conditions, 
which  is  more  extensive  with  aerobic  than  with  anaeobic  putre- 
faction and  takes  place  to  the  greatest  extent  during  the  earlier 
stages  of  putrid  decomposition,  to  become  very  slow  later. 
Strzyzowski  estimates  that  under  favorable  conditions  of  putre- 
faction 0.5  gm.  morphin  mixed  with  putrefying  material  would 
still  be  detectable  after  800  days. 

In  the  systematic  method  for  the  extraction  of  vegetable 
poisons  (pp.  158  et  seq.)  narcotin  and  codein  pass  from  the  alkaline 
aqueous  liquid  into  benzene,  and  are  found  in  residue  VI,  p.  163; 
meconic  acid  is  extracted  from  the  acid,  aqueous  solution  by 
ether,  and  is  found  in  residue  IV;^  and  morphin  is  extracted  by 
acetic  ether'  from  the  alkaline  aqueous  liquids,  and  is  found  in 
residue  VIII. " 

Or  morphin  may  be  extracted  from  urine  or  blood  by  the 

Marm^-Warnecke  method,'  or  by  that  of  Tauber.*     In  the  latter 

'  Buchanan  and  Harris  cases.  *  See  note  2,  p.  163. 

'  Loc.  cit.  ^  If  oxydimorphin  is  to  be  sought 

'  Diss.,  Lausanne,  1899.  for  the  alkaline  aqueous  liquid,  after 

*  Meconic  acid  is    only    sparingly  extraction  with  acetic  ether,  is  to  be 

soluble  in  ether,  therefore  if  it  is  to  transferred  to  a  separator  (Fig.  4j  p. 

be  taken  into  account  the  extraction  161),   and   extracted  with  hot  iso- 

with  ether  should   be  followed   by  amylic    alcohol    strongly   alkalized 

one  with  hot  amyhc  alcohol,   or,  if  with  ammonia. 

material    be    available,    Wormley's  '  Ztschr.  f.  an.  Chem.,  1883,  xxii., 

method  ("  Mioro-Chem.  of  Poisons,"  634. 

2d  ed.,  p.  503)  may  be  followed.  «  Arch.    f.    exp.   P.   u.    P.,  1890, 

xxvii.,  353. 
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method  the  blood,  diluted  with  four  volumes  of  water,  or  the 
urine  if  albuminous,  is  first  freed  from  albumin'  by  addition  of 
acetic  acid  to  faint  but  distinct  acid  reaction,  boiling  until 
the  albumin  is  coagulated  in  flocks,  filtering  through  mushn 
from  the  coagulum,  and  washing  of  the  latter.  Basic  lead 
acetate  is  added  to  the  mixed  filtrate  and  washings  so  long  as  a 
precipitate  is  produced;  when  this  has  deposited,  the  liquid  is 
filtered  off  and  the  precipitate  washed  first  with  water,  then 
with  ninety-five-per-cent.  alcohol.  The  alcohol  is  expelled  and 
the  aqueous  Hquid  freed  from  lead  by  hydrogen  sulfid,  and  fil- 
tration from  the  precipitated  lead  sulfid,  which  is  then  washed 
with  water.  The  filtrate  and  washings,  freed  from  hydrogen 
sulfid  by  a  current  of  air,  are  evaporated  nearly  to  dryness  on 
the  water-bath.  The  residue  is  extracted  with  alcohol  by  mace- 
ration for  several  hours  with  repeated  warming,  filtration,  and 
washing  of  the  residue.  The  alcoholic  liquid  is  evaporated  at 
the  ordinary  temperature.  If  the  residue  be  not  sufficiently 
pure  it  should  be  redissolved  in  alcohol,  and  the  solution  treated 
with  an  alcoholic  solution  of  basic  lead  acetate.  The  alcoholic 
liquid  is  then  filtered  from  the  precipitate,  which  is  washed 
with  alcohol,  and  the  alcoholic  solution  and  washings  are  again 
evaporated.  The  residue  is  extracted  with  water,  filtered,  and 
concentrated  to  a  few  cubic  centimeters.  The  acid  aqueous 
liquid  is  warmed,  treated  with  finely  powdered  monosodic  car- 
bonate to  neutralization,  and  allowed  to  cool.  Under  favorable 
conditions  the  morphin  separates  in  crystals,  but  if  the  quantity 
present  be  not  large,  several  hours  or  even  a  day  elapse  before 
any  appreciable  separation  occurs.  The  filtrate  from  this  de- 
posit is  received  in  a  graduated  cylinder,  in  quantitative  deter- 
minations, and  an  addition  of  1  mgm.  of  morphin  for  each  cubic 
centimeter  is  allowed  for  the  morphin  remaining  dissolved. 
The  deposit  may  be  collected  upon  a  weighed  filter,  dried  and 
weighed.  With  this  method  Tauber  recovered  from  93.3  to 
97.3  per  cent,  of  morphin  added  to  blood. 

The  precipitation  of  foreign  substances  by  basic  lead  acetate 
in  aqueous  and  alcoholic  solution  as  above  described  may  be  also 
utilized  to  purify  residues  obtained  by  the  extraction  method. 
It  must  not  be  forgotten,  however,  that  this  entails  certain  loss 
of  morphin  by  its  partial  solubility  in  the  alkaline  Hquid,  and 
that  very  small  quantities  may  fail  of  precipitation  completely. 
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Tests  for  Morphin. — A  great  number  of  tests  for  morphin 
has  been  proposed,  most  of  them  depending  upon  its  reducing 
action.  Of  these  tests  seven:  the  ferric  chlorid,  the  Frohde,  the 
Pellagri,  the  Husemann,  the  nitric  acid,  the  Marquis,  and  the 
iodic  acid,  are  the  most  prominent,  and  are  sufficient,  we  believe, 
when  yielding  the  reactions  distinctly  and  unmistakably,  to 
identify  morphin.  When  it  is  possible  it  is  also  advisable  to  cause 
the  crystallization  of  the  alkaloid  (see  Fig.  35,  p.  944),  but  the 
failure  to  obtain  crystals  is  by  no  means  proof  that  the  reactions 
obtained  are  due  to  some  substance  other  than  morphin.  While 
there  is  no  difficulty  in  obtaining  the  crystals  from  a  simple 
solution  of  the  alkaloid  in  pure  amylic  alcohol,  particularly  if 
the  amylic  solution  is  not  allowed  to  stand,  but  is  evaporated 
immediately  at  a  moderately  elevated  temperature,  the  presence 
of  minute  quantities  of  impurities  is  sufficient  to  prevent  crystal- 
lization absolutely,  while  not  interfering  seriously  with  the 
reactions.  We  have  repeatedly  found  that  known  solutions 
of  morphin  in  insufficiently  purified  amylic  alcohol  obstinately 
refused  to  crystallize,  while  the  residues  gave  the  reactions 
perfectly;  a  fact  which  has  been  shown  by  Udrdnszky'  to  be 
due  to  the  presence  of  traces  of  furfurol  in  the  alcohol.  Stolni- 
kow^  and  Wormley^  in  their  experiments  with  urine  obtained 
residues  which  gave  the  color  reactions  distinctly,  but  did  not 
succeed  in  causing  them  to  crystallize. 

1.  The  Ferric-chlorid  Reaction — Robiquet's  Test. — If  a  frag- 
ment of  morphin  be  moistened  with  a  solution  of  neutral  fer- 
ric chlorid  a  fine  dark  blue  color  is  immediately  produced,  which 
becomes  lighter,  and  finallj'  fades  out.  The  color  is  discharged 
by  the  addition  of  alcohol,  free  acids,  or  caustic  alkaHes  and  by 
heat.  The  reaction  is  not  so  delicate  as  some  of  the  others,  but 
is  more  delicate  with  a  solid  residue  than  with  a  solution.  Ac- 
cording to  Wormley,  the  reaction  is  not  satisfactory  with  a 
solution  containing  0.13  mgm.  of  morphin,  but  is  distinct  with 
a  solid  fragment  of  0.0065  mgm.  According  to  Dragendorff, 
the  presence  of  strychnin  interferes  with  the  reaction;  and  in 
solutions  the  limit  of  the  reaction  is  at  1 :  5000. 

The  following  precautions  are  to  be"  observed  in  the  applica- 

'  Ztschr.  f.  physiol.  Chem.,  1889,  '  Univ.  Med.  Mag.,  1890,  reprint, 

xiii.,  258.  p.  9. 

=  Ibid.,  1884,  viii.,  235. 
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tion  of  the  test:  1.  The  morphin  residue  is  to  be  as  free  from 
impurity  as  possible.  Absolute  purity  is  not,  however,  essen- 
tial if  the  alkaloid  be  present  in  sufficient  quantity.  Frequently 
the  reaction  will  not  be  satisfactory  with  the  residue  as  at  first 
extracted,  but  will  subsequently  become  distinctly  manifest  as  a 
state  more  nearly  approaching,  but  still  by  no  means  reaching, 
that  of  "isolation"  is  attained  by  purification.  2.  No  free  acid 
should  be  present  either  in  the  residue  or  the  reagent.  The 
latter  should  be  freshly  prepared  from  the  sublimed  chlorid,  and 
not  from  that  made  by  the  wet  method.  The  reagent  should  be 
dilute,  and  only  a  minute  drop  should  be  added  at  first.  3.  The 
reaction  is  not  satisfactory  unless  the  color  is  distinctly  blue — 
not  green  or  bluish-green.' 

Oxydimorphin  behaves  like  morphin  with  this  test. 

The  following  substances  also  give  a  blue  color  with  ferric 
chlorid:  Arhutiv?  gives  a  shade  of  color  very  similar  to  that 
obtained  with  morphin,  but  tending  somewhat  more  to  violet. 
Arbutin  is,  however,  extracted  from  acid  aqueous  solution. 
Moreover,  it  gives  a  bright  gamboge  color  with  nitric  acid;  it 
does  not  respond  to  the  Pellagri  test;  it  does  not  color  the  chloro- 
form purple  in  the  iodic-acid  test;  it  is  colored  almost  black 
on  being  heated  with  sulfuric  acid  in  the  Husemann  test;  it 
gives  a  greenish-brown  color,  changing  to  black  with  sulfuric 
acid  and  potassium  dichromate;  and  it  gives  a  green  color  with 
chlorin  water  and  ammonia  (see  below),  in  all  of  which  respects 
it  differs  from  morphin.  Gentianic  acid  (oxysalicylic  acid) 
gives  a  fine  blue  color  with  ferric  chlorid;  but  the  color  is  changed 
to  dirty  red  on  the  addition  of  soda  solution.  An  alkaline 
aqueous  solution  of  this  acid  when  exposed  to  air  soon  becomes 
fiery  red,  changing  to  brown.  Sulfuric  acid  forms  with  it  a 
yellow  solution.  Nitric  acid  forms  a  dark-green  solution  from 
which  water  separates  a  green  powder.  Geissospermin^  is 
extracted  from  acid  solutions  by  benzene  or  chloroform.  Nitric 
acid  colors  it  purple;  with  Frohde's  reagent  it  gives  a  persistent 
blue;  and  it  behaves  like  strychnin  toward  sulfuric  acid  and 

'  If    a    reagent    containing    too  Should  this  be  the  case  a  more  dilute 

much  ferric  chlorid  be  used  in  the  solution   of   the   reagent   should   be 

presence  of  a  minute   quantity  of  used. 

morphin  the  color  may  at  first  have  =  A  glucosid  existing  m  the  bear- 

a  greenish  tinge,  or  become  greenish  berry  (uva  ursi)  and  in  wintergreen. 
and    finally    brown    on    standing.  ^  An  alkaloid  of  Pareira  brava. 


986  TOXICOLOGY AVITTHAUS. 

potassium  dichromate.  Saligenin,^  which  also  gives  an  intense 
red  with  sulfuric  acid,  also  gives  a  blue  with  ferric  chlorid. 
a-Naphthylamin  with  ferric  chlorid  is  at  first  colorless,  but 
soon  gives  a  steel-blue  color,  gradually  turning  to  dark  violet- 
blue.  It  differs  from  morphin  in  being  colored  black,  changing 
to  brown,  by  nitric  acid;  in  giving  only  a  faint  green,  which 
becomes  darker,  with  Frohde's  reagent;  in  coloring  the  chloro- 
form amber,  and  forming  a  brownish-red  liquid  above  with 
the  iodic  test;  and  in  turning  pink  on  being  heated  with  sul- 
furic acid  and  black  on  addition  of  nitric  acid  with  the  Huse- 
mann  reaction.  AlumnoP  gives  with  ferric  chlorid  a  violet- 
blue  color,  similar  to  that  produced  by  arbutin,  but  which  does 
not  fade.  With  Frohde's  reagent  it  assumes  a  faint  yellowish- 
green  color;  with  the  iodic-acid  test  the  chloroform  remains 
colorless  for  thirty  minutes,  and  no  dark  band  is  produced  on 
floating  on  ammonium  hydroxid  solution;  with  the  Husemann 
reaction  it  gives  a  reddish-brown,  changing  to  cherry-red, 
which  becomes  lighter.  With  sulfuric  acid  and  potassium 
dichromate  alumnol  gives  a  brown  color.  Alkalies  decompose 
it  with  precipitation  of  aluminium  hydroxid.  Phenol  (carbolic 
acid)  gives  a  permanent  violet-blue  color  with  ferric  chlorid. 
It  is,  however,  extracted  from  acid  aqueous  solutions  by  benzene 
and  to  some  extent  by  petroleum  ether;  it  gives  no  color  with 
either  the  Pellagri  or  the  Husemann  test,  and  exhibits  special 
color  reactions  to  which  morphin  does  not  respond.  Other 
phenols  give  blue  or  bluish  colorations  with  ferric  chlorid,  in- 
deed morphin  is  itself  a  phenol:  Resorcinol  not  only  gives  a 
violet-blue  with  ferric  chlorid,  but  also  resembles  morphin  in 
its  behavior  in  the  first  steps  of  the  Pellagri  (q.  v.).  It  does 
not  respond  to  the  iodic-acid  test  and  is  only  faintly  colored 
(yellow)  by  nitric  acid.  It  is  also  extracted  from  acid  solution 
by  benzene. 

Other  substances  have  been  referred  to  as  resembHng  mor- 
phin in  their  behavior  toward  this  test:  saHcyhc  acid,  tannins, 
gallic  acid,  phloroglucin,  vaniUin,  orcin,  and  hydroquinone 
(quinol),  but  the  colors  which  these  produce  are  distinctly 
different  from  that  developed  by  morphin. 

'  A  glucosid  derived  from  salicin,      nate     (C,„H5,OH,(S03),)3AL,    used 
a  constituent  of  willow  bark.  in    medicine   as   an   astringent  and 

2  Aluminium      /3-naplitholdisulfo-      antiseptic. 
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Putrid  products  have  been  referred  to  as  giving  reactions 
resembling  that  of  morphin  with  ferric  chlorid:  Skatol-carbonic 
acid,  in  solutions  of  a  certain  degree  of  concentration  (1 :  10,000), 
when  treated  with  a  few  drops  of  hydrochloric  acid  and  two 
to  three  drops  of  very  dilute  ferric-chlorid  solution  and  heated, 
.gives  an  intense  videf.  But  solutions  of  greater  or  less  con- 
centration give  a  cherry  color. *  Moreover,  the  blue  color  which 
the  same  reagent  gives  with  morphin  is  destroyed  by  free  acids 
or  by  heat.  Hydro-para-cumaric  acid  (paraoxyphenyl-propionic 
acid)  gives  with  ferric  chlorid  a  pale  violet  color.  It  is,  how- 
ever, readily  soluble  in  ether.  ^  Para-oxyphenyl-acetic  acid, 
which  is  easily  soluble  in  water,  gives  with  ferric  chlorid  a  faint 
color,  at  first  grayish-violet,  then  dirty  green. ^  Parakresol 
gives  with  ferric  chlorid  a  reaction  which  is  not  blue,  but  dirty 
bluish-gray.*  Indeed  we  fail  to  find  in  the  voluminous  literature 
of  putrid  products  mention  of  a  single  substance,  which  could 
possibly  find  its  way  into  the  acetic  ether  extract  from  an  alka- 
line aqueous  solution,  described  as  giving  a  blue  color  with 
ferric  chlorid.^ 

2.  Frohde's  Reaction. — Frohde's  reagent"  dissolves  mor- 
phin, forming  a  purple'  solution,  which  in  a  minute  or  two  turns 

'  Salkowski:  Ztchr.  f.  anal.  Chem.,  percloruro   di   ferro   neutro"    (in   a 

1885,  ix.,  25.  more    or    less    distinct    green    with 

^Baumann:    Berichte,     Berlin,  neutral  perchlorid  of  iron). 

1880,  xiii.,  281.  *  The     reagent,     which     must     be 

'Salkowski:  "Practicum,"  301.  freshly   prepared,    is    made    by   dis- 

*  Ibid.  solving  0 . 1  gm.   of  sodium  molyb- 

'Prescott    ("Organic    Analysis,"  date  in  10  c.c.  of  concentrated  sul- 

1887,  p.  369)  states  that  "  According  furic  acid  with  the  aid  of  heat,  and 

toSelmi  (1876),  certain  cadaver  alka-  cooling  (Ann.  d.  Chem.,  1861,  cxx., 

loids  give  the  blue  color  to  ferric  188).      Buckingham's     reagent     is 

salts,  as  well  as  reduce  iodic  acid,"  made  in  the   same   way,   with   the 

without,  however,  citing  the  refer-  substitution   of   ammonium   molyb- 

ence.    The  statement   is   probably  date.     The   heat   applied   to   cause 

based   upon   a    letter   from    Schiff,  solution   should    be   moderate,    else 

dated  Florence,  Jan.  24th,  1876  (Be-  the  molybdate  will  be  reduced, 

richte,    Berl.,    1876,    ix.,    195-96),  'The   color   is   frequently   desig- 

referring   to   certain    researches    of  nated    as    "violet."     This    not    be- 

Selmi,  and  stating  that  a  ptomain  cause  of  any  variation  in  color,  but 

soluble  in  amylic   alcohol   reduced  from  the  use  of  the  word  violet  to 

iodic  acid  and   was   colored   bluish  apply  to  two  different  tints;  as  there 

■  (blaulich)    by    ferric    chlorid.     The  are  violets  having  a  bluish  tint  and 

paper  here  referred  was  published  others  inclining  to  red,  we  use  the 

by  Selmi  in  the  Mem.  Ac,  Bologna,  word    "violet"    to    apply    to    the 

1876,  Ser.  iii.,  vol.  vi.,  189-200,  and  shades    of   color,    sometimes   desig- 

is  reprinted   in   his    "Mem.    sopra  nated   as  "blue- violet,"   which    are 

argomenti     tossicol,"     BoL,     1878  found  in  the  solar  spectrum  beyond 

(p.  12),  where  the  words   are   "in  the  blue;  and  the  word  "purple"  to 

verde  piii   o   meno    manifesto    col  apply  to  "red-violet,"  a  color  which 
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blue,  beginning  at  the  margin  of  the  drop,  and  the  color  then 
slowly  changes  to  dirty  green,  then  to  yellow,  and  finally  to  faint 
pink.  The  changes  in  color  are  the  more  rapid  the  smaller  the 
quantity  of  morphin  present.  With  a  large  amount  of  the 
alkaloid  the  blue  color  may  persist  for  hours  or  even  for  days. 
The  reaction  is  more  distinct  with  the  free  alkaloid  (when  the 
quantities  are  minute)  than  with  its  salts,  although  these  react 
also,  the  sulfate  better  than  the  chlorid  or  acetate. 

The  reaction,  although  not  nearly  so  characteristic  of  mor- 
phin as  the  ferric  chlorid  reaction,  is  much  more  delicate.  Drag- 
endorff  places  the  limit  of  the  reaction  at  0.000005  gm.  with 
the  Frohde,  and  at  0.000001  gm.  with  Buckingham's  modi- 
fication. Wormley  states  the  smallest  quantity  with  which 
he  obtained  the  blue  color  was  0.0001  gr.  =  0 . 0000065  gm. 
With  one-tenth  that  amount  he  obtained  the  purple  only,  which 
is  not  distinctive.^  The  color  is  discharged  by  hydrochloric  acid, 
or  even  by  dilution  with  water.  Nitric  acid  changes  the  blue  to 
orange-red  if  the  quantity  of  morphin  be  not  too  small. 

This  test  depends  upon  the  reduction  of  the  molybdenum 
compound  by  the  morphin  and  the  formation  of  a  compound  or 
compounds  of  lower  oxidation,  purple,  blue,  green,  yellow,  or 
brown  in  color.  Indeed  among  the  most  sensitive  reactions  for 
molybdic  acid  is  the  formation  of  a  blue  color  by  the  action  of 
reducing  agents,  such  as  sulfurous  acid,  or  metallic  zinc  in  acid 
solution.  Consequently  the  presence  of  other  reducing  agents 
must  be  excluded  in  this  as  in  other  reduction  tests.  A  number 
of  other  alkaloids,  glucosids,  etc.,  give  violet  or  purple  colora- 
tion with  Frohde's  reagent:  Apomorphin,  papaverin,  sabadillin, 
sabatrin,  populin,  salicin,  corydalin  (Aderman's),  fumarin,  hy- 
poquebrachin,  porphyrin,  taxin,  oxyacanthin,  and  loxopterygin. 
All  of  these,  however,  save  the  last  mentioned  are  distinctly 
colored  red,  purple,  or  violet  by  sulfuric  acid  alone  in  the  cold, 
which  does  not  color  morphin.  The  red  color  produced  by 
sabatrin  is  formed  slowly.  Oxyacanthin,^  according  to  Hesse, 
remains  colorless  or  yellow.  It  is,  however,  extracted  from 
alkaline  solutions  by  ether  and  by  chloroform.  Loxopterygin, 
one  of  the  two  alkaloids  obtained  by  Hesse  from  the  red  que- 
ls not  found  in  the  spectrum,  but  is  they  are  distinct  if  sufficient  time 
a  combination  of  red  and  blue.  be  allowed  for  their  development. 

'  Wormley  does  not  mention  the  ^  One  of  the  berberis  alkaloids, 

colors  succeeding  the  blue,  although 
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bracho  bark'  is  said  by  him  to  be  colored  violet  (purple?)  chang- 
ing to  blue  in  Frohde's  reaction,  in  which  it  closely  resembles 
morphin,  from  which  it  differs,  however,  in  being  readily  soluble 
in  ether,  chloroform,  and  benzene,  in  giving  no  color  with  ferric 
chlorid,  and  in  being  colored  blood-red  by  nitric  acid.  Narcein 
is  colored  violet,  but  that  color  appears  only  as  the  last  of  a 
series:  brown,  green,  red,  violet.  Absinthin  also  is  colored 
first  brown,  changing  to  violet. 

Other  substances  giving  a  blue  color  with  Frohde's  reagent, 
but  differing  in  other  respects  from  morphin,  are:  Aricin,  blue 
changing  to  green  with  Frohde,  is  colored  intensely  green  by 
sulfuric  acid  or  nitric  acid  alone;  codein,  at  first  dirty  green, 
only  becoming  blue  after  several  hours  with  Frohde,  gives  no 
blue  with  ferric  chlorid  (see  reactions  below);  ergotinin,  violet 
changing  to  blue  with  Frohde,  is  removed  from  acid  solution 
by  ether  or  chloroform;  laurotetanin,  indigo-blue  with  Frohde, 
pale  rose-red  with  sulfuric  acid,  dirty  brown  with  nitric  acid, 
physiological  action  like  that  of  strychnin;  pareirin,  blue  with 
Frohde,  violet  with  sulfuric  acid,  blood-red  with  nitric  acid, 
extracted  from  alkaline  solution  by  benzene  or  chloroform; 
ceanothin,  blue  with  Frohde,  brown  with  sulfuric  acid,  yellow 
with  nitric  acid;  phlorrhizin,  blue  lasting  for  some  minutes 
with  Frohde,  yellow  with  sulfuric  acid,  changing  to  red  on  shght 
warming,  dissolves  in  ammonia,  the  solution  turning  yellow, 
to  red,  to  blue  on  exposure  to  air;  aspidospermin  and  quebrachin, 
blue  with  Frohde,  but  also  blue  with  sulfuric  acid  and  potassium 
dichromate,  with  which  morphin  gives  a  green  color. 

Oxydimorphin  behaves  toward  Frohde's  reagent  in  the  same 
manner  as  morphin. 

Bruylants^  has  suggested  another  method  of  using  Frohde's 
reagent:  If  morphin  or  one  of  its  salts  be  heated  with  con- 
centrated sulfuric  acid  as  in  the  Husemann  test  (g.  v.)  and  a 
drop  of  Frohde- Buckingham  reagent  be  added,  a  splendid  green 
color  is  produced  which  persists  for  some  time  and  then  dis- 
appears. The  same  color  is  produced  with  apomorphin,  oxydi- 
morphin, codein,  and  narcotin,  and,  somewhat  modified,  with 
narcein,  papaverin,  and  meconin. 

3.  Pellagri's  Reaction.^ — This  reaction  has  not  received  at 

'  Ann.  de  Chem.,  1882,  ccxi.,  278.  '  Gazz.  chim.  ital.,  1877,  vii.,  297. 

'Ann.  de  Pharm.,  1895,  reprint. 
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the  hands  of  toxicologists  other  than  the  Italian  the  recognition 
which  it  deserves.^  Being  based  upon  the  conversion  of  mor- 
phin  into  apomorphin,  it  affords,  along  with  the  ferric  chlorid 
reaction,  one  of  the  most  reliable  distinctions  between  morphin 
and  possible  ptomains  whose  chemical  constitution,  so  far  as 
determined,  is  so  far  removed  from  that  of  morphin  that  their 
conversion  into  apomorphin  by  this  or  by  any  other  treatment  is, 
to  say  the  least,  highly  improbable.^ 

The  test  is  best  applied  as  follows:  The  solid  substance  is 
dissolved  in  fuming  hydrochloric  acid  to  which  a  small  quan- 
tity of  concentrated  sulfuric  acid  has  been  added,  and  the  mix- 
ture evaporated  at  a  temperature  of  105°-120°  (221°-248°  F.) 
until  the  hydrochloric  acid  is  expelled.  In  the  presence  of  mor- 
phin (or  codein  or  apomorphin)  the  residue  is  light  purple  (red- 
violet),  and  even  in  the  presence  of  other  material  carbonized  by 
the  acid,  the  edges  of  the  char  have  a  purple  tinge.  The  watch- 
glass  is  then  allowed  to  cool,  and  hydrochloric  acid  (two  drops 
of  dilute  1:5)  is  added,  when  a  brilliant  cherry-red  color  is  in- 
stantly produced.  Solid  monosodic  carbonate  in  fine  powder  is 
then  gradually  added,  with  a  drop  or  so  of  water  occasionally  if 
required,  and  the  mixture  stirred  from  time  to  time  until  effer- 
vescence ceases  and  a  slight  excess  of  the  bicarbonate  has  been 
added.  The  red  color  persists  for  a  time  during  neutralization, 
being  particularly  marked  at  the  outlines  of  the  bubbles;  but  as 
the  point  of  neutralization  is  approached  it  gives  place  to  a 
smoky  green  (similar  to  that  observed  sometimes  in  crystals  of 
apomorphium  chlorid).  If  now  a  drop  or  two  of  very  dilute 
alcoholic  solution  of  iodin  be  added  a  brilliant  green  color  is 
produced.  This  pigment  is  soluble  in  ether,  forming  a  purple 
solution,  which  may  be  produced  by  transferring  the  material 
from  the  watch-glass  in  which  the  reaction  was  performed  to  a 
test-tube  and  strongly  agitating  with  ether. 

The  evaporation  at  the  first  stage  of  the  reaction  may  be 
effected  on  a  water-bath,  but  the  colors  are  more  brilliant  if  it  be 
performed  in  an  air  oven  at  about  115°  (239°  F.)  In  either  case 
the  reaction  fails  entirely  if  the  evaporation  be  not  continued 

'  It  is  not  mentioned  by  Wormley  Otto,  (1893),  Baumert  (1893),  and 

(18.S5),  Prescott  (1887),  Sohn  (1894),  Vitali  (1893). 

or  Dragendorff  (1895),  although  it  ^  See  Selmi:  "Ptomaine,"  Bo- 
is  given  as  one  of  the  principal  tests  logna,  1881,  34,  and  below,  PP- 
by  Ludwig  (1SS5),  Guareschi  (1892),  999  ff. 
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until  the  hydrochloric  acid  is  completely  expelled,  which  usually 
requires  fifteen  to  twenty  minutes'  heating. 

4.  The  Husemann  Reaction.'^ — This  is  a  modification  of,  and 
improvement  upon,  the  reaction  previously  suggested  by  Erd- 
mann,^  and  depends  upon  the  formation  of  a  color  by  the  action 
of  a  trace  of  nitric  acid  upon  a  product  (sulfomorphid)  resulting 
from  the  action  of  concentrated  sulfuric  acid  upon  morphin, 
either  by  prolonged  contact  at  the  ordinary  temperature  (twelve 
to  twenty-four  hours)  or  more  rapidly  at  temperatures  between 
100°andl5O°  (212°-302°F.). 

Morphin  with  pure  concentrated  sulfuric  acid  forms  a  colorless 
solution,  which  remains  so  for  days,  but  if  the  acid  contain 
traces  of  nitrogen  compounds  (which  it  invariably  does  unless 
purified  by  a  tedious  process)  the  solution,  colorless  at  first,  after 
a  time  assumes  a  red  or  violet  tinge.  In  Husemann's  test  the 
solid  material  under  examination  is  moistened  with  concen- 
trated sulfuric  acid  (as  pure  as  obtainable)  and  either  allowed  to 
stand  twenty-four  hours  or  placed  in  an  air-bath  at  100°-105° 
tor  about  five  minutes.^  After  the  watch-glass  and  its  contents 
(which  may  have  a  violet  or  red  tinge)  have  cooled,  a  pointed 
glass  rod  moistened  with  dilute  nitric  acid  is  brought  into  the 
center  of  the  drop.  An  intense  dark  violet  color  is  immediately 
produced,  which  persists  for  some  minutes,  gradually  changing 
to  blood-red  from  the  center  outward  and  then  becoming  paler 
and  changing  to  orange.  The  same  colors  are  observed  when 
nitric  acid  is  similarly  added  to  a  solution  of  morphin  in  con- 
centrated sulfuric  acid,  which  has  stood  at  the  ordinary  temper- 
ature for  twenty-four  hours.  If  in  applying  the  test  with  the 
aid  of  heat  the  temperature  indicated  be  surpassed,  as  when  the 
watch-glass  is  heated  until  the  acid  just  begins  to  give  off  white 
fumes,  and  the  drop  cooled  before  addition  of  nitric  acid,  the 
violet  color  is  not  observed,  but  a  brilliant  red  color  (like  that  of 
red  onions)  is  immediately  produced  and  persists  for  some  time, 
gradually  becoming  paler.     When  nitric  acid  is  added  in  the 

'  Ann.  d.  Chem.  u.  Pharm.,  1863,  '  Husemann  directed  a  heating  of 

cxxvm.,  305.  half   an   hour;    this   is   unnecessary 

'Ibid.,    1861,    cxx.,     188.     Erd-  and    the    sulfuric-acid    solution    is 

mann's  reagent  was  made  by  dis-  more  Hkely  to  be  colored  with  the 

solving  six  drops  of  nitric  acid  of  longer  heating,  even  with  a  relatively 

1.25  in  100  c.c.  water  and  pure  acid. 


„  ten  drops  of  this  to  20  gm. 
">  pure  concentrated  sulfuric  acid. 
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manner  described  to  a  freshly  prepared  and  unheated  mixture 
of  morphin  and  sulfuric  acid  a  faint  rose  color  only  is  produced 
which  in  a  few  seconds  passes  to  yellow.  Husemann  examined 
into  the  behavior  of  this  reaction  with  other  alkaloids  of  forensic 
interest,  and  found  none  which  could  be  mistaken  for  morphin. 
Only  two,  brucin  and  narcotin  (for  reactions  see  pp.  998  and 
1066),  presented  distant  resemblances,  but  can  be  easily  distin- 
guished by  other  characters.  According  to  Dragendorff,^  Farre 
and  Hasselden  obtained  this  reaction  with  certain  constituents  of 
cloves  and  allspice,  which  are,  however,  extracted  by  immiscible 
solvents  from  acid  aqueous  solutions. 

Husemann  places  the  limit  of  delicacy  of  this  reaction  at  0.01 
mgm.  or  1:40,000. 

Oxydimorphin  behaves  like  morphin  with  this  reaction, 
except  that  it  forms  a  yellow  solution  with  sulfuric  acid  alone. 

Many  variations  of,  or  additions  to,  this  sulfomorphid  reaction 
have  been  suggested.  Husemann  himself  stated  that  an 
aqueous  solution  of  sodium  hypochlorite,  chlorin  water,  or  a 
fragment  of  chloride  of  lime,  of  potassium  nitrate,  or  of  potassium 
chlorate  might  be  substituted  for  nitric  acid  without  changing  the 
result. 

In  the  first  edition  of  his  work  Otto''  stated  that  when  morphin  is 
heated  with  concentrated  sulfuric  acid,  the  solution  diluted  with  water, 
and  a  fragment  of  potassium  chlorate  added  an  intense  mahogany- 
brown  color  is  produced. 

Nadler^  took  advantage  of  the  solubility  of  sulfomorphid  in  chloro- 
form, with  which  it  forms  a  rose-red  solution.  The  substance  under 
examination  is  boiled  in  a  test-tube  with  a  mixture  of  two  volumes  of 
concentrated  sulfuric  acid  and  one  volume  of  water,  the  solution  cooled, 
supersaturated  with  ammonium  hydroxid,  cooled,  and  agitated  with 
chloroform;  this  is  colored  bright  rose-red.  Codein  gives  the  same 
reaction. 

Jorissen's  modification*  differs  from  Nadler's  principally  in  the  de- 
gree of  heat  applied:  the  dry  residue  is  dissolved  in  concentrated  sul- 
furic acid,  the  solution  transferred  to  a  test-tube  and  heated  to  190°- 
200°  (374°-392°  F.)  until  the  mass  has  become  opaque  and  green-black. 
The  product  of  this  action  is  added  in  drops  to  10  c.c.  of  water  in  another 

'  "Ermitt.  v.  Giften,"  4te  Aufl.,  '  Pharm.  Centralhalle,  1873,  xiv., 

231.  346. 

'  "Ausmitt.  d.  Gifte,"  1856,  92.  *  Ztschr.    f.    anal.    Chem.,    1881, 

XX.,  423. 
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test-tube,  when  the  mixture  becomes  bluish..  The  solution  is  divided 
into  two  parts,  one  of  which  is  shaken  with  ether,  which  assumes  a 
purple  color;  the  other  with  chloroform,  which  is  colored  blue.  The 
reaction  is  not  very  delicate,  the  limit  being  stated  by  Jorissen  to  be  0 . 4 
mgm.  With  another  method  Jorissen  stated  the  limit  to  be  0.6  mgm., 
but  Donny  found  it  to  be  sensitive  to  0 .  006  mgm.  The  residue  is  heated 
in  a  steam-bath  with  concentrated  sulfuric  acid,  a  very  small  crystal  of 
ferrous  sulfate  is  added  and  crushed,  the  mixture  is  again  heated  for 
a  minute  and  added  to  about  2-3  c.c.  of  ammonium  hydroxid  solution 
in  a  porcelain  capsule.  The  acid  solution  underruns  and  forms  a  red 
color  which  is  violet  at  the  borders,  while  the  ammoniacal  solution  be- 
comes blue.  If  the  liquids  be  mixed  the  blue  alone  remains ;  and  with 
very  small  quantities  of  morphin  only  the  blue  is  observed. 

Donath'  describes  a  modification  of  the  Husemann  which  he  claims 
serves  to  distinguish  morphin  from  oxydimorphin:  The  residue  is 
heated  with  eight  drops  of  a  mixture  of  two  volumes  of  concentrated 
sulfuric  acid  and  one  of  water,  over  a  small  flame,  until  white  fumes 
begin  to  be  evolved.  With  oxydimorphin  the  solution  becomes  bluish- 
green,  with  morphin  rose-red  and  soon  dirty.  If  diluted  cautiously 
with  water  the  oxydimorphin  solution  becomes  rose-red  and  the  mor- 
phin reddish.  If,  now,  an  oxidizing  agent,  nitric  acid,  sodium  nitrite, 
etc.,  be  added,  the  oxydimorphin  yields  a  fine  deep  violet,  and  the 
morphin  a  beautiful  raspberry-red. 

Another  modification  is  that  described  in  three  forms  by  Arnold.* 
The  residue  is  warmed  with  concentrated  sulfuric  acid,  or  syrupy 
phosphoric  acid,  and  an  aqueous  or  alcoholic  solution  of  caustic  potash 
is  added,  with  or  without  previous  addition  of  sodium  nitrite. 

Siebold  and  Gron'  at  about  the  same  period  described  a  test  con- 
sisting in  warming  the  residue  with  concentrated  sulfuric  acid  and 
adding  a  fragment  of  potassium  perchlorate  (free  from  chlorate)  when 
morphin  produces  a  dark  brown  color. 

Tattersall's  reaction*  consists  in  the  formation  of  a  dirty  violet  color, 
changing  to  dark  sea-green  when  morphin  is  mixed  with  sulfuric  acid 
and  sodium  arsenate.  The  color  becomes  transitorily  dark  gray  when 
the  mixture  is  heated  until  white  fumes  are  evolved. 

According  to  Donath,'^  if  morphin  be  heated  with  concentrated  sul- 
furic acid  in  the  cold,  and  then  a  drop  of  a  solution  of  potassium  chlorate 
(1:50  of  concentrated  sulfuric  acid  [!])  added,  a  fine  and  long  enduring 
grass-green  color  is  produced,  while  the  borders  of  the  liquid  are  faintly 
rose-red. 

'  Ibid.,  1887,  xxiv.,  744.  '  Ztschr.  f.  an.  Chem.,  1874,  xiii., 

'Arch.   d.   Pharm.,    1882,    3   R.,  236. 
«■,   561;   Ztschr.   f.    anal.    Chem.,  *  Chem.  News,  1880,  xli.,  63. 

1884,  xxiii.,  228.  *  Loc.  cit. 

IV.-63 
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5.  The  Nitric-acid  Reaction.  —  A  fragment  of  morphin 
moistened  with  concentrated  nitric  acid  assumes  an  orange- 
red  color,  changing  to  yellow.  The  color  is  not  changed  to 
violet  on  addition  of  stannous  chlorid  or  of  ammonium  sulfid. 

Many  other  substances  give  a  yellow  color  with  nitric  acid. 
Only  a  few  give  orange  tints:  hydrastin,  laudanin,  physostig- 
min,  piperin,  papaverin,  arbutin,  alumnol.  The  last  two  have 
been  discussed  in  connection  with  the  ferric-chlorid  test,  and 
papaverin  with  the  Frohde.  The  orange  solution  of  hydrastin 
is  fluorescent  when  diluted,  and  the  alkaloid  gives  a  green  color, 
changing  to  brown,  with  the  Frohde.  Laudanin  is  colored 
emerald-green  by  ferric  chlorid,  and  is  extracted  by  chloroform 
from  alkaline  aqueous  liquids.  With  physostigmin  alkaline 
hydroxids  produce  a  color  reaction  beginning  with  an  intense 
red,  changing  successively  to  yellow,  green,  and  blue.  Piperin 
is  removed  from  acid  solutions  by  benzene  and  by  petroleum 
ether;  and  with  Frohde's  reagent  is  colored  yellow,  turning  to 
brown  and  nearly  black.  Ditamin  gives  a  series  of  colors: 
yellow,  dark  green,  orange.  The  color  given  by  brucin  is  more 
distinctly  red  and  changes  to  violet  on  addition  of  stannous 
chlorid  or  ammonium  sulfid  after  it  has  passed  to  yellow. 

6.  The  lodic-acid  Reaction  —  Le  Fort's  Test. — This,  one 
of  the  earliest  known  of  the  morphin  reactions,  depends  upon  the 
reducing  power  of  the  alkaloid;  and  it  consequently  is  of  no 
value  in  the  presence  of  other  reducing  agents,  among  which 
many  animal  bases  are  included.  Under  any  circumstances  its 
chief  value  is  for  differentiation  between  morphin  and  other 
alkaloids  which  are  not  reducing  agents.  It  is  best  performed 
as  follows:  Take  two  small  test-tubes.  Into  one  (a)  put  the 
solution  under  examination,  into  the  other  {b)  an  equal  bulk  of 
water.  Add  to  each  a  granule  of  iodic  acid  and  agitate;  in  the 
presence  of  morphin  a  becomes  yellow  or  brown.  To  each  test- 
tube  add  a  drop  of  chloroform  (or  carbon  disulfid)  and  agitate: 
the  chloroform  in  a  is  colored  red  or  purple.  Float  some  very 
dilute  ammonium  hydroxid  on  the  surface  of  the  liquid:  a 
brown  band  is  formed  at  the  junction  of  the  layers.  None  of 
the  colors  mentioned  should  be  observed  in  b,  whose  purpose  it  is 
to  guard  against  the  use  of  an  iodic  acid  containing  free  iodm. 
Or  in  place  of  chloroform  or  carbon  disulfid,  starch  paste  may 
be  used,  which  is  colored  violet  or  almost  black  by  the  liberated 
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iodin.  The  reaction  is  sensitive  to  a  solution  containing  1 :  10,000, 
except  as  to  the  first  yellow  color,  which  is  not  observed  beyond 
a  dilution  of  1 :  2000.     Oxydimorphin  behaves  Hke  morphin.^ 

7.  The  Marquis  Reaction.- — The  reagent  consists  of  con- 
centrated sulfuric  acid  to  which  forty  per  cent,  formalin  has 
been  added  in  the  proportion  of  2  drops  of  the  latter  to  3  c.c.  of 
the  former  immediately  before  use.  Morphin  moistened  and 
stirred  with  this  reagent  gives  an  intense  purple-red  color  chang- 
ing to  violet,  and  finally  to  blue.  The  reaction  is  very  marked 
with  0.02  mgm.  The  solution  gives  a  band  in  the  yellow  and 
orange  when  examined  spectroscopically.  Heroin  gives  the  same 
reaction.  Codein  and  apomorphin  give  the  violet,  changing  to 
blue  without  the  initial  purple;  narcotin  the  violet,  changing  to 
yellowish-green;  papaverin  the  violet,  changing  to  wine-red; 
dionin  gives  a  very  dark  blue-violet;  and  oxydimorphin  a  flame- 
red  with  green  spots,  changing  to  uniform  flame-red.  The  re- 
action of  0.05  mgm.  morphin  is  completely  masked  by  the 
presence  of  1 . 5  mgm.  of  urea. 

The  following  are  the  most  important  of  the  other  morphin 
reactions: 

8.  Mixed  with  cane-sugar  and  concentrated  sulfuric  acid:  a  wine- 
red  color.  Under  like  conditions  oxydimorphin  is  colored  green. 
This,  the  furfural  or  Peitenkofer  reaction,  is  also  produced  by  codein, 
biliary  acids,  albumin,  etc.  Udransky'  has  improved  this  reaction  by 
substituting  f urfurol  for  sugar.  A  drop  of  a  0 . 5  per  cent,  aqueous  solu- 
tion of  furfurol  is  mixed  with  1  c.c.  of  concentrated  sulfuric  acid,  and 
a  drop  or  two  of  the  mixture  is  applied  to  the  solid  residue. 

9.  A  solution  of  iodic  acid  in  sulfuric  acid  colors  morphin  dark 
violet,  then  brown  (Selmi). 

10.  Morphin  dissolved  in  glacial  acetic  acid,  mixed  with  methylen- 
acetochlorhydrin,  and  then  with  excess  of  sulfuric  acid,  is  colored  rose 
color  and  then  violet.  On  addition  of  water  the  rose  color  is  restored. 
If,  after  twenty-four  hours,  the  liquid  be  diluted  with  water  and  am- 
monia added,  a  brown  precipitate  is  produced  which  forms  a  purple 
solution  with  sulfuric  acid  (Grimaux). 

11.  If  solution  of  sodium  sulfid  be  added  to  a  solution  of  morphin 

'  Edelfsen  (Munch,    med.   Wchn-      advantage  in  this  modification  over 
smr.,  1906,  liii.,  335;  1908,  Iv.,  587),      that  directed  in  the  text, 
proposes    a    modification    of    this  ^  Arbeit,     d.    pharm.    Inst,      zu 

reaction  by  the  addition  of  mala-      Dorpat,  1895,  xii.,  132. 
cmte  green.     We    have    found    no  =  Ztschr.  f.  anal.  Chem.,  1888,  xu., 

355. 


996  TOXICOLOGY WITTHAUS. 

in  sulfuric  acid  and  the  mixture  warmed,  a  flesh  color  is  developed 
which  changes  to  violet  and  then  to  dark  green.  If  after  the  addition 
of  the  sulfid  a  solution  of  potassium  chlorate  in  sulfuric  acid  (!)  be 
added,  a  green  color,  changing  to  violet  and  yellow,  is  produced  (Vitali). 

12.  If  a  mixture  of  1  part  morphin,  1  part  sodium  nitrite,  and  2 
parts  mercuric  chlorid  in  300  parts  water  be  heated,  with  stirring,  on 
the  water-bath  for  half  an  hour,  the  mixture  is  colored  blue,  and  a 
dark  blue  deposit  is  formed  which  turns  brown  (Fliickiger). 

13.  Morphin  boiled  with  a  mixture  of  dilute  hydrochloric  acid  and 
potassium  chlorate  gives  a  colorless  solution.  If  this  be  cooled  and 
reduced  with  zinc  for  two  minutes,  and  ammonium  hydroxid  added  a 
carnation-red  color  is  produced  (Bloxam). 

14.  Chloi'in  water  colors  morphin  yellowish,  or  gaseous  chlorin 
deep  yellow.     Ammonia  changes  the  color  to  red  or  brown  (Fairthorne). 

15.  Silver-nitrate  solution  is  reduced  by  morphin  in  the  cold. 
Nitric  acid  causes  a  blood-red  color  in  the  filtrate  (Horsley). 

16.  Morphin  causes  a  precipitate  of  Prussian  blue  in  mixed  solutions 
of  ferric  chlorid  and  potassium  ferricyanid  (free  from  ferrocyanid). 
•This  reaction,  first  suggested  for  morphin  by  Hager  in  1873,  was  after- 
ward recommended  by  Brouardel  and  Boutmy  as  one  indicating  the 
presence  of  ptomains.  It  is  clearly  quite  distinct  from  the  ferric-chlorid 
reaction  above  described. 

17.  A  solution  of  sodium  selenate,  or  of  ammonium  selenite  in  con- 
centrated sulfuric  acid,  gives  a  green  color  which  slowly  changes  to 
brown.  According  to  Lafon,  the  only  alkaloids  which  give  this  re- 
action are  morphin  and  codein."^ 

18.  A  mixture  of  mori^hin  and  hydrastin  in  certain  proportions 
(Lloyd's  mixture)  is  colored  rose-red,  increasing  in  intensity  on  standing, 
when  moistened  with  sulfuric  acid.  According  to  Wangerin,  the  reaction 
is  only  available  when  the  relative  proportions  of  the  two  alkaloids  are 
within  0.005  to  0.01  morphin  to  0.002  to  0.01  hydrastin,  when,  after 
ten  minutes  the  central  part  of  the  mixture  is  red-violet  and  the  peri- 
pheral blue- violet.^ 

19.  A  reagent  made  by  adding  0.01  gm.  orthonitrophenylpropiolic 
acid  (NO, .  CeH^ .  Cj .  COOH)  to  20  c.c.  of  concentrated  sulfuric  acid  gives 
with  morphin  a  violet  color,  slowly  in  the  cold,  but  rapidly  on  heating. 
On  addition  of  5  volumes  each  of  water  and  amyhc  alcohol  and  agitation 
the  alcohol  is  colored  green  and  the  aqueous  layer  reddish.  The  same 
reaction  is  given  by  codein  and,  with  slight  variation  by  apomorphin, 
narcotin,   papaverin,   thebain,   digitalin,  and  gelsemin.     Aconitin  and 

'  C.  rend.  Ac.  Sc,  Paris,  1886,  c,      xlvi.,  57.    Fetterolf:  Univ.  Penn.  M. 
1543.  Bull.,    1904-5,    xvii.,   416.     Mayer: 

^Wangerm:   Pharm.    Ztg.,    1903,      Amer.  Drugg.,  1901,  xxxix.,  39. 
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atropin  give  a  transient  violet  turning  to  dirty  reddish,  brucin  a  dirty 
green,  strychnin  yellow,  and  veratrin  the  same  color  as  with  sulfuric  acid 
alone.  Strzyzowski  describes  several  other  reagents  with  sulfuric  acid 
and  aldehyds,  but  prefers  the  above.' 

20.  Dragendorff  gives  the  sensitiveness  of  the  general  reagents  to 
morphin  as  follows :  With  0.2  c.c.  of  morphium  sulfate  solution  1:5000, 
phosphomolybdic  acid  gives  a  faint  cloudiness  slowly;  potassium-bis- 
muth iodid  a  recognizable  precipitate ;  auric  chlorid  a  faint  cloudiness, 
difficultly  soluble  in  hydrochloric  acid,' rapidly  becoming  dark;  with 
iodin  in  potassium  iodid;  and  with  bromin  in  potassium  bromid,  distinct 
precipitates.  The  same  quantity  of  a  solution  1 :  1000  ga^e  a  distinct  pre- 
cipitate with  phosphomolybdic  acid;  a  copious  precipitate,  remaining 
amorphous,  with  potassium  iodhydrargrate ;  a  crystalline  precipitate 
after  two  hours  with  potassium-cadmium  iodid ;  a  faint  precipitate  with 
tannic  acid;  a  slight  reduction  after  fifteen  minutes  with  silver  nitrate. 
The  same  quantity  of  a  solution  1 :  100  gave  a  slight  precipitate  with 
platinic  chlorid;  a  crystalline  precipitate  with  mercuric  chlorid;  hardly 
any  cloudiness  with  potassium  dichromate,  and  a  strong  precipitate, 
with  picric  acid. 

Reactions  of  Oxydimoephin. — The  following  means  of 
distinction  between  oxydimorphin  and  morphin,  other  than 
those  already  referred  to,  have  been  described : 

1.  The  chlorid,  warmed  to  100°  with  concentrated  sulfuric 
acid  for  five  minutes,  is  colored  green,  then,  on  addition  of  nitric 
acid,  violet  (see  Husemann  reaction  above)  (Boedeker). 

2.  When  dissolved  in  cold  concentrated  sulfuric  acicl  and 
then  warmed  after  addition  of  a  drop  of  a  solution  of  ferric 
chlorid,  4  :  100,  morphin  is  colored  blue,  oxydimorphin  yellow 
(Lindo). 

3.  If  oxydimorphin  be  dissolved  in  lime-water,  and  chlorin 
water  added,  a  greenish-yellow  color  is  produced,  which  is  not 
changed  by  warming.  The  greenish-yellow  color  produced  by 
morphin  changes  to  red  on  the  application  of  heat. 

4.  Oxydimorphin,  when  treated  with  .solution  of  sodium 
hypochlorite  (two  drops)  and  then  with  sulfuric  acid  (eight 
drops)  is  colored  emerald-green;  morphin  dark  yellow. 

5.  Lafon's  reagent  (solution  of  sodium  selenate  in  sulfuric 
acid)  gives  a  brownish-violet  color,  changing  to  violet  with 
oxydimorphin;  morphin  is  colored  bright  green. 

'  Strzyzowski:   Diss.,  Lausanne,  1899. 
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6.  With  Marquis  reagent  a  flame-red  color  with  greenish 
spots,  becoming  uniformly  flame-red. 

Oxydimorphin  and  morphin  may  be  separated  by  conversion 
into  the  sulfates,  that  of  the  former  being  practically  insoluble. 

Reactions  of  Narcotin. — Narcotin  is  extracted  from  alka- 
line aqueous  liquids  by  benzene  (see  p.  163). 

1.  Frohde's  reagent  dissolves  narcotin,  forming  a  green 
solution.  If  a  solution  containing  more  molybdate  (0 .  05  gm.  to 
1  c.c.)  be  used  the  color  is  green,  changing  to  a  fine  cherry-red. 

2.  With  Husemann's  reaction  narcotin,  on  being  heated 
with  sulfuric  acid,  is  colored  a  brilliant  red  with  violet  streaks, 
the  color  passing  to  distinct  violet  on  addition  of  the  nitric  acid. 

3.  If  bromin  water  be  added  in  drops  to  a  solution  of  narcotin 
in  hydrochloric  aCid,  and  the  liquid  boiled  after  each  addition, 
a  rose-red  liquid  is  produced.  Bromin  water  added  at  once  in 
excess  causes  a  yellow  precipitate  (Bloxam).^ 

Reactions  of  Codein. — Codein  is  extracted  from  alkaline 
solutions  by  benzene.  Being  closely  related,  chemically,  to 
morphin,  of  which  it  is  the  methyl  ether,  it  responds  to  several 
of  the  tests  for  morphin,  yielding  similar  products  of  decompo- 
sition (see  Morphin  tests).  It  does  not,  however,  give  a  blue 
color  with  ferric  chlorid,  except  in  the  presence  of  concentrated 
sulfuric  acid.  With  Frohde's  reagent  it  gives  a  dirty  green, 
changing  to  indigo  in  twenty-four  hours.  It  dissolves  in  con- 
centrated sulfuric  acid,  forming  a  colorless  solution,  which  be- 
comes blue  after  twenty-four  hours  or  on  the  application  of 
heat;  if  nitric  acid  be  added  the  color  changes  to  greenish,  cherry- 
red,  blood-red,  and  orange. 

Reactions  of  Meconic  Acid. — Meconic  acid  is  extracted 
by  amylic  alcohol  from  acid  solutions,  or  it  may  in  some  instances 
be  directly  extracted  by  alcohol  containing  hydrochloric  acid. 
The  alcoholic  extract  is  distilled  until  about  one-sixth  remains, 
cooled,  filtered,  and  the  filtrate  evaporated  to  dryness  on  the 
water-bath.  The  dry  residue  is  dissolved  in  boiling  water, 
filtered  and  freed  from  coloring  matters  by  agitation  of  the 
filtrate  with  benzene.  The  watery  solution  is  then  heated  to 
dryness,  neutraUzed  with  magnesia,  filtered  boihng  hot,  and 
concentrated  over  the  water-bath.  The  residue  of  evaporation 
contains  magnesium  meconate. 

'  For  other  reactions  see  Dragendorff:  "Ermitt.  v.  Giften,"  4te  Aufl.,  237. 
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The  characteristic  reaction  of  meconic  acid  is  that  with  ferric 
chlorid,  with  which  it  gives  a  blood-red  color,  which  is  not  dis- 
charged by  addition  of  either  hydrochloric  acid,  of  mercuric  chlorid, 
or  of  auric  chlorid  solution,  nor  on  the  application  of  heat.  It  is, 
however,  decolorized  by  stannous  chlorid,  but  the  color  returns 
on  addition  of  nitrous  acid. 

Meconic  acid  also  forms  white  precipitates  with  lead  acetate, 
silver  nitrate,  and  mercurous  nitrate. 

Comenic  acid,  which  may  be  produced  from  meconic  acid  on 
evaporation  of  the  hydrochloric  acid  solution,  also  gives  the 
ferric-chlorid  reaction. 

Can  Morphin  be  Distinguished  from  Ptomains? — In  all  the 
recent  trials  for  murder  by  morphin  poisoning  the  theory  that  the 
reactions  observed  by  the  States'  analysts  have  been,  or  may  have 
been,  caused  by  ptomains  and  not  by  morphin  has  been  advanced 
with  more  or  less  vigor  on  the  part  of  the  defense. 

That  instances  have  occurred  in  which  chemists  have  predi- 
cated the  presence  of  a  vegetable  alkaloid  upon  insufficient  evi- 
dence is  unquestioned.  The  Sonzogno  case,  in  Cremona  in 
1873-74,  so  frequently  quoted  in  this  connection,  in  which  the 
experts  reported  the  presence  of  morphin  upon  the  evidence  of 
reactions  in  all  probability  due  to  ptomains,  far  from  invali- 
dating the  position  which  we  have  taken,  supports  it.  For  Selmi, 
who  showed  the  errors  in  the  original  report,  did  so  by  pointing 
out  that  the  substance  mistaken  for  morphin  did  not  give  either 
the  Pellagri  reaction,  the  ferric-chlorid  reaction,  the  nitric-acid 
reaction,  or  the  Erdmann  reaction;  and  that  it  only  resembled 
morphin  in  that  it  behaved  as  a  reducing  agent  toward  iodic 
acid,  auric  chlorid,  and  certain  other  reducible  substances.' 
In  a  recent  Portuguese  case  (1890)  also,  which  has  been  the 
subject  of  wide  comment,  the  experts  failed  to  apply  a  sufficient 
number  of  tests,  and  erred  in  asserting  the  presence  of  morphin 
in  a  cadaver  upon  the  evidence  of  a  not  entirely  satisfactory 
Frohde  reaction,  the  iodic-acid  reaction,  and  the  formation  of  a 
green  color  with  the  Lafon  test — the  last  a  reagent  of  com- 
paratively recent  (1885)  introduction,  whose  merits  had  been 
insufficiently  tested. ^ 

'"Sulle   Ptomaine,"    Bologna,      I'affaire  Urbino  de  Freitas,"  Porto, 
1878,  67  if.  1893,  122,  208. 

'"Relation     m^dico-l^gale     de 
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Vaughan'  obtained  by  anaerobic  putrefaction  of  pancreatic 
and  hepatic  tissue  a  substance  which  gave  the  following  reac- 
tions: with  nitric  acid  lemon-yellow;  with  sulfuric  and  nitric 
acids  (Husemann?)  lemon-yellow;  with  ferric  chlorid  bluish- 
green;  "iodic  acid  reduced";  with  the  Frohde,  blue  with  a 
faint  and  evanescent  purple;  "Pellagri  responded  promptly." 
Upon  these  results  he  considers  himself  as  warranted  in  ex- 
pressing the  conviction  "  that  the  tests  for  morphin  by  following 
the  scheme  of  Dragendorff  are  altogether  untrustworthy." 
But  the  results  as  above  stated  have  nothing  to  do  with  the 
tests  for  morphin,  and  if  the  reader  will  compare  the  colors  here 
given  with  those  described  above  as  given  by  morphin  he  will 
see  that  not  in  one  instance  did  this  putrid  product  give  a  mor- 
phin reaction.  Not  even  is  the  iodic-acid  reaction  complete. 
Why  does  he  not  state  the  colors  given  by  the  Pellagri,  which, 
by  the  way,  never  "responds  promptly,"  as  he  does  of  the  other 
reactions?  From  personal  observation  we  can  say  that  he  was 
very  unfamiliar  with  this  reaction  in  1893.  An  analyst  who 
would  affirm  the  presence  of  morphin  upon  the  evidence  of  the 
reactions  above  described  would  be  deserving  of  the  severest 
criticism.  In  another  place-  Vaughan  says:  "In  the  Buchanan 
case  in  New  York  ...  all  the  tests  obtained  by  the  experts 
were  duplicated  with  putrefactive  products."  This  is  not  an 
expression  of  opinion,  but  an  allegation  of  fact.  The  author, 
who  was  present  upon  this  occasion  and  closely  observed  the 
alleged  "duplications,"  is  verj''  positive  that  they  were  no  more 
such  than  were  the  reactions  above  cited  those  of  morphin.  The 
six  tests  relied  upon  by  the  State's  experts  were  the  ferric  chlorid, 
the  Frohde,  the  nitric  acid,  the  iodic  acid,  the  Husemann  and 
the  Pellagri.  In  the  attempted  duplication  the  ferric  chlorid 
gave  a  brilliant  grass-green,  a  color  as  distinct  from  that  of  the 
morphin  reaction  as  that  of  a  well-kept  lawn  is  from  that  of 
the  Neapolitan  sky;  with  the  Frohde  it  was  a  distinct  and  pal- 
pable orange,  changing  to  yellow;  with  the  nitric  acid  it  was  a 
lemon-yellow,  without  any  shade  of  orange;  the  iodic  acid  gave 
a  faint  reduction.  As  to  the  Husemann  and  Pellagri,  they 
could  not  have  been  properly  attempted,  much  less  duplicated, 

'  Tr.  Assoc.  Amer.  Physic,  1S94,  ^  Vaughan  and  Novy:  "Ptomains, 

ix.,  249.  ■  Leucomains,"    etc.,    1896,    p.    285; 

"Cellular  Toxins"  (1902),  p.  240. 
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because  there  was  no  means  of  applying  heat  at  hand,  and  the 
alleged  Husemann  was  completed  in  a  few  minutes.  It  is  ap- 
parent, therefore,  that  far  from  having  "dulicated"  these  six 
tests,  the  witness  misapplied  two,  obtained  results  different 
from  those  which  are  produced  by  morphin  in  three,  and  only 
secured  a  faint  reaction  with  the  iodic-acid  test,  which  is  merely 
a  confirmatory  one.^ 

In  view  of  all  the  evidence  we  feel  justified  in  answering  the 
question  at  the  head  of  this  section  with  a  distinct  affirmative, 
and  in  holding  that  if  a  residue  obtained  by  a  properly  conducted 
Dragendorff,  or  other  appropriate  method,  give  the  six  reactions^ 
of  morphin  described  in  a  previoiis  section  with  distinctness  and 
purity,  the  proof  of  the  presence  of  morphin  is  quite  as  complete 
as  it  is  in  the  case  of  nitric  acid,  whose  presence  is  unhesitatingly 
asserted  by  chemists  upon  the  evidence  of  color  reactions.  No 
ptomaine  has  been  discovered  which  gives  these  reactions. 

NICOTIN— TOBACCO. 

Nicotin — CioHj^Nj — is  the  only  alkaloid  existing  in  ordi- 
nary tobacco,  Nicotiana  tabacum,  which  is  included,  along 
with  the  plants  yielding  the  atropic  poisons,  in  the  order  Solan- 
aceae.  The  alkaloid  exists  in  all  parts  of  the  plant,  but  notably 
in  the  leaves,  which  contain  from  0.6  to  eight  per  cent.,  the 
proportion  being  the  greater  in  the  less  esteemed  varieties. 
Piiurin,  a  liquid  alkaloid  obtained  from  Duboisia  Hopwoodii 
(see  Atropic  Poisons)  is  probably  identical  with  nicotin. 

The  free  alkaloid  is,  when  pure,  a  colorless,  oily  liquid, 
which  rapidly  becomes  brown,  and  finally  resinifies  on  exposure 
to  air.  It  boils  at  246.7°  (476°  F.),  suffering  partial  decom- 
position when  boiled  in  air,  but  capable  of  distillation  in  vapor 
of  water,  with  which  it  vaporizes  at  lower  temperatures.  Its 
specific  gravity  is  1.011  at  15°  (49°  F.),  its  reaction  is  intensely 
alkaline,  its  odor  is  penetrating  and  peculiar,  and  its  taste  burn- 
ing and  caustic.  It  is  tevogyrous  [a]^=  -161.55°.  It  dis- 
solves in  all  proportions  in  water,  alcohol,  and  ether,  and  is  also 

'Extracts  from  the  Appeal-book  (J.  Am.  Med.  Ass.,  1904,  xlii.,  1075) 

bearing  upon  this  matter  are  in  the  is  mere  incompetent  hearsay  by  one 

Mst  edition  of  this  -work,   iv.,   pp.  who  was  not  present  at  the  time. 

760-768.   The  iteration  of  Vaughan's  "  The  Marquis  reaction  may  now 

statement  by  Ciift,  of  Ann  Arbor,  be  added. 


1002  TOXICOLOGY WITTHATJS. 

soluble  in  petroleum  ether,  benzene,  chloroform,  and  oils.  It 
forms  salts  which  crystallize  with  difficulty,  are  deliquescent, 
and  lose  nicotin  on  evaporation  of  their  solutions. 

NICOTIN  POISONING. 

It  is  remarkable  in  view  of  the  large  quantities  of  tobacco 
consumed,  its  widespread  use,  and  the  toxic  powers  of  the 
plant,  that  serious  poisonings  by  tobacco  are  of  exceptional 
occurrence.  Less  severe  poisonings  are  common  enough  and  are 
experienced  by  most  persons  upon  beginning  the  use  of  tobacco, 
and  chronic  poisonings  are  frequently  observed  in  those  using  it 
in  excess  as  well  as  in  operatives  in  tobacco  factories. 

With  very  few  exceptions,  reported  tobacco  poisonings  have 
been  accidental,  and  have  for  the  most  part  arisen  from  the 
medicinal  use  of  infusions  or  decoctions  of  the  leaves,  generally 
as  popular  remedies.  Tobacco  enemata  were  formerly  fre- 
quently resorted  to  and  have  caused  a  number  of  poisonings, 
several  of  which  have  terminated  fatally.'  Severe  and  even 
fatal  poisonings  have  also  been  caused  by  the  adminstration 
of  decoctions  or  infusions  of  tobacco  or  "  pipe  oil"  by  the  mouth, 
as  proper  remedies  for  various  disorders,^  to  provoke  abortion,' 
or  with  intent  to  cause  injury;^  by  the  use  of  food  articles  ac- 
cidentally contaminated  with  tobacco;^  by  water  saturated 
with  tobacco  smoke  given  to  a  child  "to  induce  quietness";' 
by  chewers  or  "dippers"  swallowing  the  juice;'  by  children 
sucking  foul  tobacco  pipes;^  by  the  application  of  tobacco  to 

'  Ansianx:  J.  d.  chim.  mdd.,  etc.,  *  Lesser:   Vrtljschr.  f.  ger.  Med., 

1827,  iii.,   23.     Grahl:  J.   d.   prakt.  1898,  3  F.,  x^'i.,  91. 
Heilk.,  1830,  Ixxi.,  4  St.,  100.  Eade:  '^Posner:  Allg.  med.  Centr.  Ztg., 

Lancet,    1849,    ii.,    480.     Paris   and  1S94,  xviii.,  481.      Lion:  Ibid.,  233. 

Fonblanque:   "Med.  Jur.,"  ii.,  418.  Morgan:    Brit.  M.  J.,  1S7.5,  ii.,  487 

Pereira:  "Mat.  Med.,"  ii.,  494,   579  (in  well-water,  one  death).     Bark- 

(4  cases).  Cliristison:  "Poisons,"  hausen:  Pr.  Ver.-Ztg.,  1836,  vii.,  33. 
Am.  ed.,  650-51   (7  cases).     Beck:  MVeaks:  Bost.  M.  and  S.  J.,  1853, 

"Med.    Jur.,"     12th    ed.,    ii.,    869.  xlvii.,  461. 

Tavignot:  Gaz.  m^d.  de  Paris,  1840,  '  Skae:     Edinb.  Med.  J.,  1855-56, 

2  s.,  viii.,  763.     Bleasdale:  Brit.  M.  i.,  643 '(an  insane  man).   Ph.  J.  and 

J.,  1906,  i.,  1155.  Tr.,  1864-65,  n.  s.,-  vi.,  341.     Hard- 

'  Shaw:  Phila.  Med.  Times,  1878,  man:  Atlanta  M.  and  S.  J.,  1884-85, 

viii.,  528.    Ph.  J.  and  Tr.,  1864-65,  n.  s.,  i.,  648.     Oppolzer:  Wien.  med. 

n.     s.,     vi.,     91.     Turchetti:     Gazz.  Presse,  1866,  viii..  1151.     Brit.  M.  J., 

med.  it.  prov.  venet.,  1860,  iii.,  226.  1S73,    ii.,    520.     Wormlev:   "Micro- 

Hjorth;    Gaz.   d.   hop.,    1852,  xxv.,  Chem.   of  Poisons,"  2d  ed.,   436. 
362.     Evans:  Lancet,  1869,  i.,  843.  «  Brit.  M.  J.,  1877,  ii.,  389.    Med. 

^Landerer:     Schweiz.     Ztschr.    f.  Chir.    Centbl.,    Wien,     1SS2,    xvii., 

Pharm.,  1S68,  No.  11,  72.  1429. 
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abraded  surfaces,  and  even  to  the  uninjured  skin;'  and  Ijy  ex- 
cessive smoking.^  Several  poisonings  have  resulted  from  the 
use  of  tobacco  as  an  insecticide. 

We  find  no  record  of  a  tobacco  poisoning  distinctly  suicidal 
in  origin.  In  Skae's^  case  tobacco  was  intentionally  swallowed 
by  a  lunatic,  and  another  lunatic  was  severely  poisoned  by 
snuff,  swallowed  "  during  a  lucid  interval.  "*  A  fatal  poisoning 
reported  by  Rabot^  appears  to  have  been  suicidal,  although  the 
account  does  not  so  state. 

Taylor  refers  to  two  poisonings  by  tobacco  in  which  there, 
was  suspicion  of  homicidal  intent;"  and  Christison,''  upon  the 
authority  of  Ogston,  relates  the  case  of  a  man  fatally  poisoned 
by  snuff  in  a  brothel.  The  poet  Santeul  is  said  to  have  died 
from  the  effects  of  snuff  put  into  his  wine  at  the  dinner  table  of 
the  Prince  de  Conde.^ 

We  find  record  of  six  instances  of  poisoning  by  nicotin  in 
the  human  subject,^  all  of  which  were  fatal.  Of  these  four 
were  suicides,'"  and  the  account  of  one  refers  only  to  the  analy- 
sis." The  remaining  case  (Affaire  Bocarme)  was  the  cause 
ceUhre  in  which  Stas  first  used  his  process  for  the  separation 
of  alkaloids  from  organic  mixtures.  In  this  instance  the  poison 
was  administered  by  force. '^ 

'  O'NieU:  Lancet,  1879,  i.,  296.    v.  '"Poisons,"  Am.  ed.,  651. 

Meyern:  Pr.   Ver.-Ztg.,    1844,   xiii.,  'Julia    Fontenelle:    J.    d.    chim. 

33.    Gallavardin:     Gaz.     d.     hop.,  m6d.,   etc.,    1836,   2   s.,   ii.,   652,   ex 

1864,  xxxvii.,   387.     Coletti:   Gazz.  "M6m.  d.  Saint  Simon." 

med.   it.   prov.    venet.,    1864,    vii.,  *  We  find  reference  to  two  others: 

309.    Allan:  Lancet,  1871,  ii.,  663.  BorsareUi  and  Bruno:   Giorn.   d.  r. 

Blanchard:     France     m^d.,     1869,  Ac.  d.  med.  d.  Torino,   1867,  3  s., 

xvi.,  128.  iv.,      745,      and      Simons:      Nederl. 

'  Dow:  Pac.  M.  and  S.  J.,  1880-81,  Tijdschr.  v.   Geneesk.,   1877,   2   R., 

xxiii.,  308;  Lancet,  1885,  ii.,   1114.  xiii.,    233,    to   which   we   have   not 

Broomhead:    Med.     Chron.,     Man-  access. 

Chester,  1888-89,  ix.,  473.     Richard-  '"  Ph.  J.  and  Tr.,  1858-59,  xviii., 

son:  Asclepiad,  London,   1889,   vi.,  46.     Ibid.,   1859-60,   n.   s.,   i.,    195. 

132.    Marshall  Hall:  Edinb.  M.  and  Fonssagrives     and     Besnon:     Ann. 

S.     J.,     1816,     xii.,      11.     Gmelin:  d'hyg.,    etc.,    1861,    2   s.,    xv.,    404. 

"Pflanzengifte,"    550.     Shoemaker:  Johnson:  Lancet,  1S90,  ii.,  337. 

Med.  Bull.,  1903,  xxv.,  295.     Fried-  "  Boutmy:     Ann.    d'hyg.,     etc., 

mann:InterstateM.  J.,  1903,  X.,  145.  1880,  3  s.,  iv.,  201. 

Fleig:  C.  r.  Ac.  Sc,  1908,  cxlvi.,  776.  '^  "Proces  du  comte  et  de  la  com- 

Lehmann:  Arch.   f.    Hyg.,    1908-9,  tesse   de    Bocarme   devant   la   cour 

Ixviii.,  320.  d'assises  de  Hainault,"  Mods.,  1S51. 

'Loc.cit.  Stas:    Bull.    ac.    roy.    d.    med.    d. 

'Christison:   Op.   cit.,   651    (Gail-  Belg.,  Brux.,  1851-52,  xi.,  202-312. 

•ara).  Tardieu:  "Empoisonnement,"  2eme 

"Pharm.  Jahresb.,  1883-84,  1149.  ed.,  945. 
Poisons,"  3d  Am.  ed.,  770. 
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Duration. — The  action  of  nicotin  may  be  quite  as  rapid 
as  that  of  hydrocyanic  acid.  One  suicide  fell  dead  with  the 
vial  from  which  he  had  taken  the  poison  still  in  his  haAd;' 
another  died  in  a  few  moments,  and  another  was  found  dead. 
In  Johnson's  case^  death  did  not  occur  so  rapidly.  The  patient 
was  found  upon  a  doorstep,  bleeding  from  a  severed  jugular 
vein,  and  having  vomited.  The  vein  was  ligated  and  he  was 
taken  to  the  hospital,  where  he  died  suddenly,  without  con- 
vulsions. The  amount  of  blood  lost  had  been  insufficient  to 
account  for  the  death,  and  0.191  gm.  (2.95  gr.)  of  nicotin  was 
separated  from  the  stomach  and  the  alcohol  in  which  it  had  been 
preserved.  In  the  Bocarmd  case  death  occurred  within  five 
minutes. 

The  duration  of  fatal  tobacco  poisoning  varies  within  wider 
limits.  Ansiaux^  states  that  a  woman  of  twenty-eight  years  was 
given  an  enema  prepared  by  boiling  5ij  of  the  leaves  in  water, 
whereupon  she  cried  out  that  she  felt  as  if  drunk,  and  imme- 
diately expired.  Tobacco  enemata  have  caused  death  in  fifteen 
minutes  in  two  instances,^  and  in  Rabot's  case*  a  preparation 
of  tobacco  used  by  gardeners  to  destroy  insects  proved  fatal 
within  the  same  time.  In  Tavignot's  case*  an  enema  caused 
the  death  of  a  man  in  eighteen  minutes,  and  in  one  of  Christison's 
cases  the  administration  of  a  tobacco  enema  was  followed  by 
death  in  thirty-five  minutes. 

Skae's  patient  died  in  seven  hours  after  admission.  A  child 
whose  death  was  attributed  to  its  use  of  a  foul  tobacco  pipe  in 
blowing  soap  bubbles  died  in  four  days,'  and  one  of  Morgan's' 
patients  died  in  five  days. 

Lethal  Dose. — The  smallest  quantity  of  nicotin  capable  of 
causing  the  death  of  a  human  being  is  not  known.  In  the  re- 
ported cases  large  doses  were  probably  taken,  as  in  Johnson's 
case  above  cited,  and  in  the  Bocarme  case,  in  which  0.4  gm. 
(6.2  grains)  was  obtained  from  the  stomach.  It  is  probable, 
however,  that  as  small  a  quantity  as  two  or  three  drops  of  the 
freshly  prepared  and  pure  alkaloid  might  cause  death.  As  the 
proportion  of  nicotin  in  different  varieties  of  tobacco,  raw  and 

'  Ph.  J.  and  Tr.,  1859-60,  n.  s.,  i.,  *  Loc.  cit. 

195,  ex  Lancet,  Aug.  23d,  1859.  =  Brit.  M.  J.,  1877,  ii.,  389 

'  Loc.  cit.  « Ibid.,  1875,  ii.,  487. 
^  Grahl:  Loc.  cit.     Beck:  Loc.  cit. 
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prepared,  varies  from  0.6  to  eight  per  cent.,  the  effects  of  a  given 
dose  must  also  vary.  Pereira"-  cites  a  case  in  which  death  was 
caused  by  an  infusion  of  30  grains  (2  gm.)  of  dry  tobacco  leaves, 
given  as  an  enema. 

Symptoms. — Nicotin,  Hke  hydrocyanic  acid,  may  cause 
'death  without  any  subjective  symptoms.  In  one  case  "the  de- 
ceased stared  wildly;  there  were  ho  convulsions,  and  he  died 
quietly,  heaving  a  deep  sigh  in  expiring.""  In  Johnson's  case, 
complicated  with  an  incised  wound,  severing  the  jugular,  the 
patient  had  vomited  when  he  was  found,  resisted  all  attempts 
to  introduce  the  stomach-tube,  and  died  suddenly  without 
convulsions.  Smaller  doses  of  nicotin  produce  unpleasant 
sensations  in  the  mouth  and  throat,  salivation,  headache, 
vertigo,  dullness,  sleepiness,  dimness  of  vision,  photophobia, 
deafness,  increased  frequency  of  respiration,  weakness,  prostra- 
tion, paleness,  cold  extremities,  attacks  of  syncope,  vomiting, 
diarrhoea,  trembling  of  the  extremities,  and  stupor.* 

In  grave  cases  of  tobacco  poisoning  the  same  symptoms  are 
observed,  accompanied  by  severe  chills,  abdominal  pain,  prae- 
cordial  anxiety,  and  deep  stupor  or  violent  convulsions,  with 
both  tonic  and  clonic  spasms.  The  pupils  are  generally  con- 
tracted in  the  beginning  and  subsequently  dilated,  frequently 
with  alternations  of  contraction  and  dilatation.  In  fatal  cases 
death  is  due  to  apnoea.  In  non-fatal  cases  great  weakness, 
trembling,  and  giddiness  persist  for  days  and  even  for  weeks. 

The  toxic  effects  caused  by  excessive  smoking  are  the  same 
as  those  caused  by  absorption  of  nicotin  from  the  alimentary 
canal.  In  some  cases  the  symptoms  have  begun  suddenly  with 
violent  convulsions,  and  in  some  death  has  occurred  rapidly 
during  an  acute  attack  in  the  course  of  a  chronic  poisoning.* 
Batten^  has  reported  the  case  of  a  man  of  thirty-nine  years  in 
whom  smoking  caused  a  disposition  to  fight.  When  the  smoke 
is  not  inhaled  the  poisoning  is  due  to  nicotin  only,  which  is 
partly  dissolved  by  the  saliva  and  probably  also  absorbed  by  the 
buccal  mucous  membrane.     The  alkaloid  is  volatilized  by  the 

'"Elem.  Mat.  Med.,"  1872,  619.  ^  See  cases  referred  to  on  p.  1002, 

'Taylor:  "Poisons,"  3d  Am.  ed.,  and  Bigelow:  New  York  M.  J.,  1876, 

771.  xxiii.,  399.     Bryden:  Lancet,  1879, 

'Boutron-Charlard:  J.  depharm.,  i.,  334. 

1836,  xxii.,  689.     Dworzak  u.  Hein-  *  J.  Am.  Med.  Assoc,   1887,  ix., 

rich:  Husemann  u.  Hilger,  "Pflan-  415. 

zenstoffe,"  2te  Aufl.,  1175. 
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heat  of  the  combustion,  and,  according  to  Loewenthal/  fifty  to 
sixty  per  cent,  of  that  contained  in  the  tobacco  passes  into  the 
smoke.  When  the  smoke  is  inhaled,  not  only  is  the  absorption 
of  nicotin  more  complete,  but,  as  Gautier  has  shown,-  the  carbon 
monoxid,  also  produced  during  the  combustion,  is  absorbed  to 
some  extent  from  the  lungs,  but  not  from  the  mouth. 

Treatment. — The  stomach  (or  rectum)  should  be  washed 
out  with  water  to  which  tannin  or  a  solution  of  iodin  in  potas- 
sium iodid  has  been  added.  Cold  affusions  to  the  head  while 
the  body  and  extremities  are  kept  warm  are  indicated  to 
overcome  stupor,  and  the  administration  of  strychnin,^  ether, 
whisky,  etc.,  hypodermically,  inhalation  of  ammonia,  and  coffee 
internally.  Electricity,  inhalations  of  oxygen,  or  even  arti- 
ficial respiration  should  be  resorted  to  to  supplement  the  faihng 
respiration. 

Post-mortem  Appearances.— These  are  not  characteris- 
tic except  in  certain  cases  when  the  odor  of  tobacco  is  detected 
in  the  stomach,  or  even  pervades  the  entire  body,  or  when 
tobacco  in  substance  is  found  in  the  stomach  contents.  The 
appearances  of  death  from  apnoea  are  present — i.e.,  a  dark,  fluid 
condition  of  the  blood,  a  dark  color  and  hypereemic  condition  of 
the  lungs  and  liver,*  and  congestion  of  the  vessels  of  the  brain 
and  meninges.  If  death  have  not  occurred  rapidly  the  appear- 
ances of  a  more  or  less  intense  gastro-enteritis  are  observed. 

Analysis. — The  separation  of  nicotin  from  the  stomach 
contents  and  from  the  viscera  has  been  accompKshed  in  several 
instances.  Stas  obtained  the  alkaloid  not  only  from  the  stomach 
of  Fougnies,  the  victim  of  Bocarme,  but  also  from  the  tongue, 
liver,  and  lungs,  and  even  from  the  floor,  upon  which  a  portion 
had  been  spilled,  and  which  had  been  washed  with  hot  water 
shortly  after  the  murder.  Lehmann^  in  1853  obtained  nicotin 
from  the  stomach  of  a  youth  who  had  died  in  one  hour  after 
he  had  swallowed  "sauce"  used  in  preparing  chewing  tobacco. 
Ogston^  in  1834  separated  nicotin  from  the  stomach  contents  in 
a  case  of  poisoning  by  snuff.     Taylor,'  Fonssagrives  and  Bes- 

'  "Nikotingehalt  des    Tabak-  ^For  hepatic  lesions  see  Guillain: 

rauchs,"  Diss.,  Wiirzb.,  1892.  C.  r.  Soc.  de  biol.,  1908,  Ixv.,  482. 

'  "Poisons  de  I'air,"  229-237.  See,  ^  Arch.  d.  Ph.,  1S.53,  Ixxvi.,  144. 

however,  Fleig:    C.  r.  Ac.  sc,  1908.  "Christison:  "Poisons,"  Am.  ed., 

cxlvi.,  776.  64S,  651. 

^  See  Zalackas:  C.  r.  Ac.  sc,  1905,  '  "Poisons,"  3d  Am.  ed.,  772. 
cxl.,  741. 
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non,'  and  Boutmy^  separated  nicotin  from  the  stomach  contents 
in  cases  of  poisoning  by  the  alkaloid.  In  John's  case  of  poison- 
ing by  nicotin^  0 .  03  gm.  (0 .  46  grain)  of  the  alkaloid  was  obtained 
from  the  stomach  contents,  and  0. 188  gm.  (2.9  grains)  from  the 
alcohol  in  which  the  stomach  had  been  preserved.  In  Rahot's 
case  of  poisoning  by  tobacco  extract/  2.25  gm.  (.34.7  grains)  of 
(impure?)  nicotin  were  separated  from  the  stomach  contents, 
and  evidences  of  its  presence  in  the  liver  and  urine  were 
obtained. 

In  the  process  of  extraction  of  alkaloids  by  immiscible  sol- 
vents nicotin,  like  coniin,  passes  from  the  alkaline  aqueous  liquid 
into  petroleum  ether,  and  is  consequently  to  be  looked  for  in 
residue  V.  (see  p.  162).  It  may  also  be  separated  by  distilla- 
tion, and  in  the  process  for  volatile  poisons  it  passes  into  the 
distillate  from  the  alkaline  liquid  (see  p.  153).  The  residue 
may  be  purified  by  conversion  into  chlorid  or  oxalate,  extrac- 
tion with  alcohol,  decomposition  of  the  salt  with  caustic  soda, 
and  extraction  with  petroleum  ether. 

The  characters  by  which  nicotin  may  be  recognized  are  the 
following: 

1.  The  residue  is  oily,  colorless  or  yellowish,  strongly  alka- 
line, reddens  phenolphthalein,^  and  gives  off  a  peculiar  acid 
odor,  somewhat  resembling  that  of  stale  tobacco  smoke,  and 
producing  irritation  of  the  nasal  mucous  membrane  and  con- 
junctiva. If  left  exposed  to  light  the  oil  becomes  yellow  or  brown 
and  thicker,  and  finally  resinous.  When  heated  it  volatilizes 
completely,  giving  off  white  fumes. 

2.  If  a  glass  rod  moistened  with  hydrochloric  acid  be  held 
over  the  watch-glass  containing  the  alkaloid,  or  if  drops  of  the 
alkaloid  and  acid  be  placed  upon  two  watch-glasses  and  one 
inverted  over  the  other,  a  white  cloud  is  produced,  which  is 
not  so  dense  as  that  produced  by  coniin  under  like  conditions, 
but  no  crystals  are  produced  as  with  coniin.'' 

3.  Auric  chlorid  produces  a  yellow  or  brown,  amorphous 
precipitate  in  neutral  solutions  of  nicotin  salts,  which  is  nearly 
insoluble  in  acetic  or  hydrochloric  acid,  but  readily  soluble  in 

'Ann.  d'hyg.,  1861,  2  s.,  XV.,  404.  alcoholic  solution  does  not  redden 

'Ibid.,  1880,  3  s.,  iv.,  201.  phenolphthalein  (see  p.  926). 

'Lancet,  1890,  ii.,  337.  "For  this  and  other  distinctions 

'Ph.  Jahresb.,  1883-84,  1149.  between   nicotin  and   coniin  see  p. 

According   to    Heut,   nicotin   in  926. 
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caustic  alkalies.     A  cloudiness  is  produced  slowly  in  a  solution  of 
1:10,000. 

4.  Platinic  chlorid  in  rather  strong  solutions  of  the  alkaloid 
or  of  its  salts  produces  imnaediately  a  yellowish  precipitate 
which  is  amorphous  at  first  and  afterward  becomes  crystalline, 
or  in  solutions  of  the  chlorid  is  crystalline  immediately.  With 
more  dilute  solutions,  up  to  1 :  5000  of  the  chlorid,  the  precipi- 
tate is  more  slowly  formed  and  is  crystaUine.  When  amor- 
phous and  small  in  amount  the  precipitate  is  somewhat  soluble 
in  hydrochloric  acid,  when  crystalline  it  is  much  less  soluble. 
It  dissolves  on  heating  the  liquid  and  slowly  reappears  in  the 
crystalline  form.  Wormley  figures  this  crystalline  precipitate, 
and  considers  its  formation,  along  with  the  odor  and  physical 
state  of  the  nicotin,  sufficient  "to  distinguish  this  alkaloid  from 
all  other  substances."^ 

5.  Mercuric  chlorid  gives  a  white  precipitate  with  free  nicotin, 
which  is  at  first  white  and  curdy,  afterward  crystalline.  The 
precipitate,  which  is  formed  in  solutions  up  to  1:3000  (slowly) 
dissolves  in  a  solution  of  ammonium  chlorid,  from  which  it  is 
redeposited  after  a  time;  and  is  also  soluble  in  hydrochloric  or 
acetic  acid.  Mercuric  cyanid  does  not  precipitate  with  the  free 
alkaloid;  but  a  crystalline  deposit  is  formed  when  a  neutral 
solution  of  the  chlorid  of  the  alkaloid  is  added  to  a  saturated 
solution  of  the  cyanid. 

6.  Roussin's  Reaction. — If  an  ethereal  solution  of  iodin  be 
added  to  a  solution  of  nicotin,  likewise  in  ether,  a  brownish 
precipitate  is  produced  in  solutions  of  1 :  100,  which,  after  some 
hours,  is  converted  into  long  needle-shaped  crystals.  With 
more  dilute  solutions,  to  1:500,  the  crystalline  deposit  is  more 
slowly  formed,  without .  the  previous  production  of  an  amor- 
phous precipitate. 

7.  Chlorin  gas  colors  the  free  alkaloid  brown  or  blood-red. 
The  substance  formed  dissolves  in  alcohol,  from  which  it  crys- 
tallizes on  evaporation. 

8.  The  behavior  of  nicotin  toward  other  general  reagents  is  as 
follows:  Potassium-cadmium  iodid,  in  acid  solution  a  cloudiness 
up  to  1:10,000  (Sohn).  Phosphomolybdic  acid,  cloud  up  to 
1:40,000  in  acid  solution.  Picric  acid,  added  in  great  excess 
in  alcoholic  solution,   an  amorphous  precipitate  which  subse- 

'  "  Micro-Chem.  of  Poisons,"  2d  ed.,  442,  PI,  vi.,  Fig.  1. 
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quently  becomes  crystalline,  1:5000  (Dragendorff),  1:40,000 
(Wormley).  lodin  in  potassium  iodid,  in  acid  solution,  a  reddish- 
brown  precipitate,  1:250,000  (Wormley),  1:1000  (Guareschi). 
Bismuth-potassium  iodid,  in  acid  solution  cloud  at  1:40,000 
(Dragendorff).  Mercuric-potassium  iodid,  in  neutral  solution  a 
white,  amorphous,  resinous  precipitate,  1:15,000  (Dragendorff), 
1:25,000  (Sohn).  Tannic  acid,  a  white  precipitate  soluble  in 
warm  hydrochloric  acid,  and  reappearing  as  the  solution  cools, 
1:500  (Dragendorff),  1:10,000,  (Wormley).  Potassium  thio- 
cyano-platinate,^  forms  a  yellow,  crystalline  precipate  in  solutions 
of  nicotin  salts,  1:3000  (Guareschi).  Platino-potassium  iodid, 
in  a  solution  of  nicotin  containing  excess  of  acetic  acid,  produces 
an  immediate  black  precipitate,  while  the  reagent  is  decolorized. 
With  coniin  a  very  faint  turbidity  at  most  is  produced  and  the 
red  color  of  the  reagent  remains  (Selmi).^ 

9.  Physiological  Test. — The  frog  is  most  susceptible  to  the 
action  of  nicotin.  With  a  close  of  -ji-ir  to  y^-g-  of  a  drOp  the  ani- 
mal is  at  first  uneasy  and,  in  about  five  minutes  or  less,  becomes 
apathetic  and  assumes  a  peculiar  position,  with  the  forelegs 
pressed  backward  against  the  sides,  and  the  hind  legs  drawn  up 
so  that  the  thighs  stand  at  right  angles  to  the  body,  and  the  legs 
fixed  so  that  the  feet  rest  upon  the  back.  If  the  extremities  be 
moved  from  this  position  they  immediately  resume  it  on  lib- 
eration. The  respiration,  at  first  accelerated,  becomes  slow. 
There  are  shght  muscular  spasms,  particularly  in  the  hind  legs. 
With  larger  doses,  -g-V  to  yV  drop,  the  injection  is  immediately 
followed  by  a  severe  clonic  convulsion,  followed  by  immobility 
in  the  position  described;  diminution  in  frequency  or  arrest  of 
respiration,  without  previous  acceleration,  strong  fibrillar  con- 
tractions, marked  diminution  of  reflex  irritability,  and  general 
muscular  relaxation  which  persists  for  twenty  to  forty  hours. 
As  the  animal  recovers  the  respiration  is  first  re-estabhshed,  at 
first  with  difficulty  and  at  long  intervals;  later  there  are  slight 
muscular  movements  and  a  return  of  reflex  irritabiUty.  The 
heart's  action  continues  later  than  the  functions  of  the  nervous 
centers,  even  when  the  animal  finally  dies;  the  frequency  of  the 

'Obtained    by    adding    4-5    gm.  ing    the    crystals    (Guareschi:    "Al- 

chloroplatinic  acid  to  a  solution  of  caloidi,"  26,  218). 

40  gm.   potassium   thiocyanate    in  2  "  Memorie  sopra  argomenti  tossi- 

400  c.c:  water,  heating  to  70°-80°,  cologici,"    Bologna,    1878,   61.     See 

agitating,  cooling,  and  recrystalliz-  also  ibid.,  p.  64. 
IV.-64 
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beats  being  at  first  diminished,  then  increased,  and  again  dimin- 
ished.' Small  birds  are  killed  by  doses  of  J  to  J  a  drop  of 
nicotin.  The  respiration  becomes  panting,  the  bird  falls  upon 
its  side  in  a  strong  convulsion,  the  body  arched  backward,  and 
the  heart  continues  to  beat,  although  more  slowly,  for  a  time 
after  apparent  death,  which  occurs  in  ten  minutes  or  less. 

Ptomains. — Oily,  alkaline,  basic  substances  are  frequently 
produced  during  putrefaction.  Those  described  bear  a  closer 
resemblance  to  coniin  than  to  nicotin,^  and,  like  Schwanert's 
base,^  differ  from  both  nicotin  and  coniin  in  their  odor,  which 
is  frequently  rather  pleasant  than  disagreeable,  and  in  being 
much  more  volatile.  Wolckenhaar  obtained  from  a  highly 
putrid  intestine,  six  weeks  after  death,  a  liquid  base,  extracted  by 
ether  from  alkaline  solution,  which  was  at  first  yellow,  and  soon 
became  brownish-yellow,  and  which  volatilized  completely  with- 
out becoming  resinous.  It  was  strongly  alkaline,  and  emitted 
an  odor  similar  to  that  of  nicotin,  but  more  powerful  and  re- 
sembling that  of  fresh  poppy  heads,  and  which  was  not  de- 
stroyed by  neutralization  with  oxalic  acid.  It  also  differed 
from  nicotin  in  its  behavior  toward  bismuth-potassium  iodid, 
auric  chlorid,  iodin  solution,  mercuric  chlorid,  and  platinic 
chlorid,  in  yielding  no  crystals,  even  after  long  standing,  with 
iodin  in  ethereal  solution,  and  in  having  no  poisonous  action.* 

Quantitative  Determination. — The  complete  recovery  of 
nicotin  from  organic  mixtures  is  not  accomplished  either  by 
distillation  or  by  extraction  by  immiscible  solvents.  To  deter- 
mine the  quantity  of  the  alkaloid  contained  in  the  residue  of 
evaporation  of  the  petroleum-ether  extract,  or  in  the  distillate, 
the  alkaline  material  is  neutralized  with  oxalic-acid  solution, 
concentrated  to  a  small  bulk  at  a  low  temperature,  and  the  resi- 
due extracted  with  alcohol.  The  alcohol  is  evaporated  at  a  low 
temperature  and  the  residue  extracted  with  ether,  after  having 
been   rendered    alkahne    with    cautic    soda.     From   this   point 

'  Rosenthal  u.  v.  Anrep:  Arch.  f.  ii.,  463)  refers  to  Otto  and  Selmi  as 
Anat.,   Physiol.,   etc.,   Phys.   Abth.,  having    obtained    ptomains   closely 
1879,    Suppl.    Bd.    167;    1880,    209.  resembling   nicotin.     With  the  ex- 
Compare  with  oicuta,  p.  932.  ception     of     Otto's     reference     to 
"Seep.  028.  Wolckenhaar  we  find  no  reference 
=  Berichte,  Bed.,  1874,  vii.,  1332.  to     nicotin-like    ptomains    in    the 
*Otto:  ".\usmittol.  d.  Gifte,"  6te  writings  of  either  author,  although 
Aufl.,  96,  ex  Corr.-Bl.  d.  Ver.  anal.  both    discuss    coniin-like    ptomains 
Chem.,  1878,  i.,  33,  37.     Husemann  in  the  places  referred  to. 
(Maschka:  "Handb.  d.  ger.  Med.," 
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either  Kissling's  or  Papovici's  method  may  be  followed.  In  both 
the  alkaloid  is  brought  into  aqueous  solution,  and  is  determined 
in  the  former  by  titration  with  standard  acid,  and  in  the  latter 
by  the  polariscope.* 

STRYCHNIN— NUX  VOMICA,  ETC. 

The  species  of  Strychnos  and  other  members  of  the  Logana- 
cece  contain  the  two  tetanizing  alkaloids  strychnin  and  brucin 
or  other  alhed  bases.  The  Carolina  jasmine  (Gelsemium  sem- 
•pervirens)  is  included  in  this  order  and  has  been  already  con- 
sidered.^ Brucin  and  strychnin  always  accompany  each  other, 
and  occur  principally  in  the  seeds  of  Strychnos  Ignatia  (St. 
Ignatius'  beans),  and  of  S.  nux  vomica  (nux  vomica),  in  the  bark 
of  the  same  tree  (false  Angostura  bark),  in  the  root  bark  of 
jS.  colubrina,  and  in  the  S.  tieute  (Upas  tieute  or  radja),  the  most 
deadly  of  arrow  poisons,  Java).  The  South  American  arrow 
poison  curare,  woorara,  or  woorali,  from  S.  Guianensis,  contains 
the  alkaloid  curarin;  and  an  arrow  or  ordeal  poison  from  the 
west  coast  of  Africa,  known  to  the  natives  as  akasga,  m'boundu, 
ikaja,  and  quai,  is  probably  derived  from  a  species  of  strychnos, 
and  contains  an  alkaloid,  akazgin.  A  third  alkaloid,  igasurin, 
was  described  by  Desnoix*  as  existing  in  nux  vomica,  but  Shen- 
stone*  has  demonstrated  its  non-existence. 

The  proportion  of  strychnin  and  brucin  in  nux  vomica  ap- 
pears to  vary  within  wide  limits.  Pelletier  and  Caventou^ 
obtained  from  0.28  to  0.4  per  cent,  of  strychnin.  The  maxi- 
mum percentage  of  strychnin  obtained  has  been  about  half  a 
per  cent.*  The  percentage  of  both  alkaloids  was  found  to  be 
2.3  per  cent,  by  Dragendorff,  2.56  to  3.57  per  cent,  by  Dunstan 
and  Short,'  and  2.25  per  cent,  by  Shenstone.*  While  brucin 
thus  predominates  over  strychnin  in  nux  vomica,  the  reverse  is 
the  case  in  St.  Ignatius'  beans,  and  in  upas  tieute,  which  con- 

'For  the  details  of  the  methods  ■'J.    chem.   Soc,    London,    1881, 

see  Kissling:  Ztschr.  f.  an.  Chem.,  xxxix.,  457. 

1882,   xxi.,    64;    1883,    xxii.,    199.  *  Ann.  d.  chim.  et  de  phys.,  2  s., 

iapovici:  Ztschr.  f.  physiol.  Chem.,  1819,  x.,  142;  1824,.xxvi.,  44. 
1889,  and  xiii.,  445.     Also  Lowen-  "  Husemann    u.    Hilger:    "Pflan- 

ttal:  Op.  cit.  zenstoffe,"  2te  Aufl.,  1284. 

'^See  p.  935.  'Pharm.  J.  and  Tr.,  1882-3,  3  s., 

'J.  de  pharm.,  1854,  3  s.,  xxv.,  xiii.,  665. 
*2.  8  i^gf.  cit. 
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tains    a   mere   trace   of   brucin   and   nearly    1.5   per  cent,   of 
strychnin. ' 

Strychnin — C21H22N2O2 — crystallizes  from  alcohol  in  an- 
hydrous four-sided  prisms  with  four-sided  pyramidal  points, 
or  from  benzene  in  octahedra  (Fig.  36).  F.  p.  =  265°  (509°  F.) 
It  may  also  form  crystalline  scales,  or  a  granular  powder  by 
rapid  evaporation.  Ammonium  hydroxid  precipitates  it  from 
dilute  aqueous  solutions  of  its  salts  in  dehcate  needles.  It  is 
colorless  and  odorless,  but  intensely  bitter  in  taste,  a  quality 
which  is  recognizable  in  a  solution  as  dilute  as  1 :  100,000.^    Its 


Fig.  36. — Crystals  of  strychnin,  from  solution  in  benzene.     X  75 


salts  are  also  bitter.  It  is  alkaline  in  reaction.  It  is  Isevogyrous; 
[a]n  =  -  36°.  Strychnin  cHssolves  in  7,000  parts  of  cold  water 
and  in  2,500  parts  of  boihng  water,  in  120  parts  of  cold  alcohol 
of  sp.  gr.  0.863,  less  soluble  in  more  aqueous  alcohol,  in  190 
parts  of  amylic  alcohol,  in  5  to  7  parts  of  chloroform,  in  160 
parts  of  benzene,  in  1,250  parts  of  commercial  ether,  in  190 
parts  of  isoamyhc  alcohol  at  12°,  and  in  23  parts  at  98°,  and 
in  12,500  parts  of  petroleum  ether.     Absolute  ether  does  not 

>  Moens:  Ztsch.  f.  Chem.,  1S66,  2       'See  p.  1058. 
s.,  ii.,  -JSS. 
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dissolve  it.  Most  of  the  salts  of  strychnin  are  soluble  in  water: 
the  nitrate  in  60  parts  of  cold  and  in  2  parts  of  boiling  water; 
the  sulfate  (neutral)  in  50  parts  of  cold  water;  the  chlorid  in  50 
parts  of  cold  water;  the  acetate,  which  crystallizes  with  diffi- 
culty, in  96  parts  of  cold  water.  Strychnin  is  extracted  from 
aqueous  solutions  of  its  salts  by  agitation,  immediately  after 
addition  of  slight  excess  of  ammonium  hydroxid,  with  chloro- 
form, benzene,  or  a  mixture  of  equal  measures  of  chloroform  and 
ether. 

Strychnin  is  a  powerful  monacid  base;  it  not  only  neutralizes 
the  strongest  acids  with  the  formation  of  salts,  but  decomposes 
solutions  of  many  metallic  salts  with  separation  of  the  oxids,  or 
formation  of  double  salts.  (For  reactions  see  p.  1058.)  It  is 
usually  administered  as  the  nitrate,  1  part  of  which  contains 
0.8412  strychnin. 

Bnicin — C2SH26N2O4 — crystallizes  from  aqueous  alcohol  in 
transparent,  four-sided  prisms,  containing  4  Aq.,  which  are  lost 
in  vacuo  over  sulfuric  acid;  or,  by  more  rapid  evaporation,  it 
forms  plates  resembling  those  of  boric  acid,  or  cauliflower-like 
tufts.  It  is  alkaline,  tevogyrous,  [a]^=  — 119°  to  127°,  and  very 
bitter  in  taste.  The  crystalline  alkaloid  dissolves  in  320  parts  of 
cold  water  and  in  150  of  boiling  water;  that  which  has  lost  its 
water  of  crystallization  requires  850  parts  of  cold,  and  500  parts 
of  boiling  water  for  solution.  It  dissolves  in  1 . 5  parts  of  alcohol, 
in  2  parts  of  chloroform,  and  in  64  parts  of  benzene.  Amylic 
alcohol  dissolves  it  readily,  petroleum  ether  and  oils  with  diffi- 
culty, and  ether  not  at  all.  It  is  extracted  from  aqueous  solu- 
tions of  its  salts,  after  addition  of  excess  of  ammonium  hydroxid, 
by  chloroform,  or  benzene.  It  is  a  monacid  base,  forming  salts 
which  are  bitter  and,  for  the  most  part,  soluble  in  water  and 
crystalline.     (For  reactions  see  p.  1066.) 

Curarin— CigHjoNjO — crystalHzes  from  its  chloroform  solu- 
tion in  four-sided  prisms  which  are  very  hygroscopic,  very 
bitter,  faintly  alkahne,  and  extremely  poisonous.  It  is  soluble 
in  water  and  alcohol  in  all  proportions,  difficultly  soluble  in 
amylic  alcohol  and  in  chloroform;  insoluble  in  ether,  benzene, 
petroleum  ether,  carbon  bisulfid,  or  turpentine.  It  is  conse- 
quently not  removed  from  aqueous  alkaline  solutions  by  agi- 
tation with  immiscible  solvents.  Its  salts  are  very  soluble 
in  water,  crystallizable  with  difficulty,  bitter  and  poisonous. 
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Boehm  has  described  a  second  alkaloid,  curin,  CjgHjgNO,, 
which  exists  in  many  samples  of  curare,  but  which  is  non-toxic' 

Akazgin  is  a  white  amorphous  substance,  which  crystal- 
lizes with  difficulty  in  small  prisms  from  its  alcoholic  solutions, 
obtained  by  Frazer^  from  a  West  African  arrow  poison.  It  is 
alkaline,  bitter,  and  tetanizing;  soluble  in  13,000  parts  of  cold 
water,  in  60  of  absolute  alcohol,  in  16  of  eighty-five  per  cent, 
alcohol,  in  120  of  absolute  ether,  and  also  soluble  in  chloroform, 
benzene,  and  carbon  bisulfid.  It  causes  tetanus,  although  some- 
what more  slowly  than  strychnin,  and,  like  curarin,  behaves  in 
the  same  manner  as  strychnin  toward  the  sulfuric-acid  and 
dichromate  test, 

STRYCHNIN  POISONING. 

Historical  and  Statistical.  —  An  Arabian,  Serapion  the 
younger,  was  probably  the  earliest  medical  writer  who  referred 
to  nux  vomica.^  Wepfer  describes  experiments  performed  by 
himself  upon  animals  with  nux  vomica  in  1676-77.*  Valen- 
tine in  1680,  in  an  expert  opinion  declared  seeds  of  nux  vomica 
seized  upon  a  prisoner  to  be  poisonous.^ 

Strychnin,  discovered  in  1818  by  Pelletier  and  Caventou,  re- 
mained a  "rare  chemical"  for  many  years.  Christison,  in  his 
first  edition  (1829),  states  that  "except  the  hydrocyanic  acid,  no 
poison  is  endowed  with  such  destructive  energy  as  the  strychnia." 
He  also  describes  the  effects  of  the  alkaloid  upon  animals,  but 
in  this  as  well  as  in  the  second  (1832)  and  third  (1836)  editions 
he  is  silent  concerning  its  action  upon  the  human  subject. 
At  about  this  time,  probably,  Thomas  Griffiths  Wainwright 
was  making  use  of  the  alkaloid  to  expedite  the  collection  of  life 
insurances.  His  uncle,  George  Griffiths,  died  in  1828,  from 
the  effects  of  strychnin  it  was  subsequently  supposed.  In  1830 
his  sister-in-law  expired  after  a  short  illness,  caused  by  the  ad- 
ministration apparently  of  tartar  emetic  at  first  and  strychnin 
afterward.     Her  mother  had  died  previously  in  the  same  year 

■  Berichte,  Berl.,  1887,  xx.,  c.  143.  *  "De  Cicuta  Aquatica,"    Basil., 

-  Brit,  and  For.  Med.-Chir.  Rev.,  1697,  p.  194. 

1867,  Ixxix.,  210.  =  "Corpus  juris  med-leg.,"  Fran- 

"  About  the  end  of  the  eleventh  cof.,  1722,  p.  219. 
century,  "De  Simpl.  Med.,"  Argen- 
torat.,  1531,  clxiii.,  p.  115. 
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with  similar  manifestations.  A  Norfolk  gentleman,  with  whom 
Wainwright  travelled"  upon  the  Continent,  died  in  convulsions  at 
Boulogne  in  1831.  All  of  these  lives  were  insured  for  the  benefit 
of  Wainwright,  who  returned  to  England  in  1837,  was  afterward 
convicted  of  forgery  and  transported  to  Tasmania,  where  he 
died  in  1852.1 

Richter,  in  1834,  related  a  case  of  dangerous,  although  not 
fatal,  poisoning  caused  by  the  medicinal  use  of  strychnin.^ 
Blumhardt'  was  probably  the  first  to  record  the  death  of  a 
human  being  caused  by  strychnin:  a  youth,  aged  17,  who  com- 
mitted suicide  by  taking  two  scruples  (!)  of  the  alkaloid. 

A  collation  of  663  cases  of  strychnin  poisoning  shows  a  rela- 
tively high  proportion  of  suicidal  and  homicidal  poisonings 
and  a  correspondingly  small  number  of  accidental  cases.  Of 
the  whole  number  313,  or  47.3  per  cent.,  were  suicidal;  189,  or 
28.5  per  cent.,  were  accidental;  and  134,  or  20. 1  per  cent.,  homi- 
cidal. Another  peculiarity  is  that  the  great  majority  of  the 
victims  of  strychnin  have  been  adults.  Of  the  663  cases  only 
63  were  in  children  less  than  ten  years  of  age.  In  two  cases  it  was 
administered  to  cause  abortion;*  in  one  for  experiment;*  and  in 
24  cases  the  origin  is  not  stated. 

Accidental  poisonings  have  for  the  most  part  arisen  from 
mistakes  in  medication,  either  administration  of  overdoses  or  of 
the  wrong  medicine,"  but  most  frequently  by  pharmacists'  errors 
in  compounding.  Strychnin  has  been  thus  dispensed  in  place  of 
calomel,  morphin,  zinc  valerianate,  caffein,  quinin,  James'  pow- 
der, santonin,  and  salicin.  Several  poisonings  have  resulted 
from  incompatible  prescriptions,  strychnin,  because  of  its  very 
sparing  solubility,  accumulating  in  the  last  dose.  A  woman  of 
fifty-four  years  was  taking  a  mixture  containing  1 . 7  gr.  (0.111 

'Life  of  Wainwright.  A.  S.  Allen,  =  Mannkopf :  Wien.    med.    Wchn- 

in" Lives  of  Twelve  Bad  Men,"  Th.  schr.,  1862,  xii.,  467,  484.     Case  of 

Succombe,      1894.      Taylor:     "Poi-  Dr.    R.    in    Berlin,    a    Java    arrow 

sons,"  3d  Am.  ed.,  103.  poison,  R. 

^Wibmer:  "Wirkung,"    etc.,    v.,  "Medicinal    poisonings  were  for- 

250.  merly  of  more  frequent  occurrence 

'Med.    Corr.-Bl.     d.     Wiirtemb.  than   at   the   present   time.     Huse- 

aerz.  Ver.,  1837,  vii.,  1.  mann  ("Handb.  d.  Tox.,  "  1862,  506) 

Mangold:  Deut.med.Wchnschr.,  collected  91  cases,  of  which  77  were 

1899,  XXV.,  495,  Case  of  Dr.  Bren-  medicinal     poisonings.     For     more 

nan,  at  Johannesburg,    S:    A.    R.,  recent   cases,    see   Ztschr.   f.    Med.- 

death  in  1  hr.     Hedr^n:  Vrtlischr.  Beamte,  1895,  viii.,  472.     Mangolc; 

I-  ger.  Med.,  1905,    3  F.,  xxix.,  63,  Deut.  med.  Wchnschr.,  1899,  xxv., 

death  in  J  hr.  495. 
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gm.)  of  strychnin  and  38.2nx  (2.16  c.c.)  of  chloroform,  along 
with  an  alkali.  The  last  liberated  strychnin  from  the  com- 
bination as  hydrochlorid  in  which  it  was  introduced,  and 
the  liberated  alkaloid  was  dissolved  in  the  chloroform  glob- 
■  ules  which  settled  to  the  bottom.  While  the  earHer  doses 
of  the  medicine  (which  probably  contained  little  strychnin) 
brought  relief,  the  last  one,  which  was  more  bitter  than  its  pre- 
decessors, caused  severe,  though  non-fatal,  strychnic  poisoning.' 
In  a  homicidal  case  it  was  proven  that  the  deceased  had  been 
taking  a  prescription  containing  Tr.  Nuc.  Yom.  and  Liq.  Potas- 
sae.  The  jury  disagreed.^  In  another  homicidal  case  the  de- 
ceased had  been  taking  a  prescription  containing  Fairchild's  Ess. 
Pepsin  and  Tr.  Nuc.  Vom.  for  four  to  five  days  before  death. 
The  defense  claimed  precipitation  and  accumulation  in  the  last 
dose.^  Proprietary  medicines  have  caused  strychnin  poisoning 
in  a  few  instances.*  A  Brahmin  took  7  grains  of  strychnin  as 
a  cure  for  impotence,  but  recovered.'  Children  have  been 
poisoned  by  eating  strychnin  pills;  and  several  poisonings  in 
the  human  subject  have  resulted  from  the  use  of  strychnin  to 
destroy  foxes,  squirrels,  wolves  or  dogs.  Three  instances  are 
referred  to  of  infants  having  suffered  from  the  effects  of  strych- 
nin absorbed  in  their  mother's  milk,  in  one  case  fatally.  ° 

Strychnin  has  been  taken  by,  or  administered  to,  pregnant 
women  in  several  instances,  but  whether  to  procure  abortion  or 
suicidally  or  homicidally  is  a  question  of  intent  not  easy  to 
determine.  It  causes  tetanic  contraction  of  the  uterus,  and  may 
produce  abortion  either  directly  or  in  consequence  of  hemor- 
rhage in  the  embryo.  But  cases  are  reported  in  which  severe 
strychnin  poisoning  has  not  interfered  with  the  normal  process 
of  gestation.' 

1  Pharm.  J.,  1892-3,  3  s.,  xxii.,  799.  Lejeune:   Gaz.  d.  hop.,  1891,  Ixiv., 

^  (Garrison) :  Chicago  Med.  Times,  972.    Jonas:  Aerztl.  Sachverst.  Ztg., 

1876-7,  viii.,  389.  1900,  vi.,  299.     Edson:  Med.  Coun- 

'  State  V.  Maggie  Kline,  111.,  1895.  cil,    1906,    xi.,    404.     Lucke:  Deut. 

Communication    of    Dr.    Kennedy.  med.  Ztg.,  1905,  xxvi.,  881. 

See  also:  Littlejohn  and  Drinkwater:  'Jack:   Indian  M.  J.,   1884,    iii., 

Edinb.  M.  J.,  1907,  n.  s.,  xxii.,  112.  299. 

Thomson:  Brit.  M.  J.,  1893,  i.,  406.  «  Lancet,  1869,  ii.,  241;  i.,  733;  i., 

See  also  the  case  of  the  paralytic,  872. 

p.  1032.  'Rohrig:     Virch.    Arch.,    1879, 

'  Armstrong:  Atlanta   M.   and   S.  Ixxvi.,  19.     Cohn:  Ztschr.  f.  Geb.  u. 

J.,  1S76,  xiii.,  603.     Foncart:  France  Gyn.,    1887-8,    xiv.,   539.     Ftihrer: 

m6d.,  1880,  xxvii.,  498.     Garrigou:  Vrtljschr.  f.  gar.  Med.,  1876,  n,  F., 

Union  m6d.,  1881,  3s.,  xxxi.,  1086.  xxv.,  290.  Mangold.   Loc.dt. 
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Suicidal  strychnin  poisonings  are  of  much  more  frequent  oc- 
currence in  England  than  elsewhere,  owing  to  the  general  use 
of  vermin-killers  (Battle's,  Board's,  Gibson's,  Adshead's,  Bar- 
ber's, Hunter's,  Butler's,  Marsden's,  Miller's,  Cliffs,  Craven's, 
Floyd's,  Steiner's,  Thurston's)  containing  strychnin,  packages 
of  which  containing  more  than  enough  strychnin  to  destroy  an 
adult  are  sold  for  three  pence.  ^ 

Excluding  the  Wainwright  poisonings  above  referred  to, 
the  earliest  homicidal  poisoning  by  strychnin  to  which  we  find 
reference  in  medical  literature  occurred  in  Canada  in  1851. 
Of  the  134  homicides  of  which  we  have  information  as  having 
occurred  since  that  date  8  appeared  in  1850-59,  22  in  1860-69, 
28  in  1870-79,  42  in  1880-89,14  in  1890-1900,  and  15  in  1900- 
1909.  Fifty-eight  occurred  in  the  United  States,  29  in  England, 
9  in  Finland,  18  in  Germany  or  Austria,  7  in  France,  5  in  India, 
4  in  Canada,  3  in  Australia,  1  in  Italy,  and  1  in  Java.^ 

HoMiciDBS  BY  Strychnin. — 1.  (1851)  Report  of  trial  of  Azenath 
Smith  for  the  murder  John  Freeman,  alias  Elijah  Pease.  Defendant 
lived  with  deceased  as  her  husband.  Symptoms  characteristic.  The 
poison  was  probably  twice  administered  in  pills.  Strychnin  found  on 
analysis  (Dupson).     Acquitted.^ 

2.  (1855)  Peo.  v.  Geo.  W.  Green,  Chicago,  111.  Convicted  of  the 
murder  of  his  wife.     Strychnin  found  (Blomey).'' 

3.  (1856)  Reg.  v.  William  Palmer.  Convicted  of  the  murder  of 
JohnParsons  Cook,  at  Rugeley,  November  21st,  1855.  Symptoms  char- 
acteristic. Analysis  failed  (Taylor).  The  principal  contention  was 
concerning  the  chemical  evidence.  ° 

'  Letheby  found  the  three-penny  ^  Barnet  and  Buckler:  "  Queen  d. 

package   of    Battle's    vermin-killer,  Wm.  Palmer,  official  report  of  min- 

that  most  extensively  used,  to  weigh  utes,"     etc..     Lend.,     1856.     "The 

U  grains  and  contain  3.22  grains  Times  Report,"   etc.,   Lend.,    1856. 

(0.21    gm.)    strychnin.     See    also:  Gilbert:  "Report,"  etc.,  Lend.,  1856. 

Allen:  Pharm.    J.,    1889,   3  s.,   xx.,  Bennett:    "Verbatim    Report," 

296.    Gray:  Tr.  Med.-chir.     Soc.  etc..  Lend.,  1856.     "The  Most  Ex- 

Edinb.,  1885-6,  n.  s.,  v.,  127.  traordinary  Trial   of,"   etc.,   Lond., 

^  As  strychnin  poisonings  are  now  1856.     "Letter  to   Lord   Chief-Jus- 

of  frequent  occurrence,  and  as  the  tice  Campell  by  the  Rev.  Thomas 

symptomatology  rarely  departs  from  Palmer,"  etc.,  Lond.,  1856.     Taylor: 

the  normal  type,  the  cases  reported  "  On     Poisoning      by     Strychnin, 

in medicalliterature  are  but  a  small  Lond.,  1856.     Browne  and  Stewart 

proportion  of  those  which  actually  "Reports  of  Trials  for  Murder  by 

occur.  Poison,"  Lond.,  1883,  85-232.     Also 

'Brit.   Am.   J.,    1851,    vii.,    102.  the  English  medical  journals  of  that 

Testimony  in  full.  year,    passim,    and    all    works    on 

'  Xorthwest  M.  and  S.  J.    1855,  toxicology  subsequent  to  that  date, 
xii-,    75.     Taylor:  "Poisons,"      3d 
Am.  ed.,  679. 
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4.  (1856)  Reg.  v.  William  Dove.  Convicted  of  the  murder  of  his 
wife  at  Leeds,  March  1st,  1856 — a  crime  no  doubt  suggested  by  the 
newspaper  accounts  of  the  Palmer  investigation.  Defense  insanity. 
Symptoms  characteristic.     Strychnin  found  (Nunneley).' 

5.  (1858)  A  woman  in  Louisiana  confessed  to  an  attempt  to  poison 
her  husband  by  strychnin  in  a  cup  of  coffee,  of  which  he  drank  half.^ 

6.  (1858)  A  mere  mention  of  the  fatal  poisoning  of  a  man  in  a 
Southern  State.     Strychnin  found.'   . 

7.  (1858)  State  v.  Edward  Robbins,  tried  in  Ohio  for  the  murder  of 
Nancy  Holly.     Strychnin  detected  (Cassels).* 

8.  (1859)  A  man  poisoned  by  strychnin  in  liquor  at  San  Antonio, 
Texas.  = 

9.  (1860)  A  man  was  tried  in  Perry  County,  Pa.,  for  the  murder  of 
his  wife.  The  body  was  exhumed  six  weeks  after  death.  Strychnin 
was  not  detected  (Reese).' 

10.  (1860)  A  girl  of  eighteen  years  died  in  England  from  the  effects 
of  Battle's  Vermin-Killer  purchased  by  herself.  Strychnin  found  in 
the  stomach  (Letheby).  In  1854  an  infant  of  the  same  family  had  died 
suddenly  in  convulsions ;  in  1859  another  child  with  similar  symptoms, 
and  a  few  days  before  the  girl's  death  a  boy  had  been  attacked  with 
similar  symptoms,  but  recovered  under  prompt  treatment.' 

11.  (1860)  State  v.  Rich.  S.  Richardson,  New  Hampshire,  indicted 
with  Sarah  Ann  Healey  for  the  murder  of  Stephen  Healey,  March  6th, 
1860.  No  symptoms  described.  Strychnin  detected;  2.48  grains 
extracted  from  stomach  contents  (Hayes).  Richardson  convicted  of 
murder,  second  degree;  Healey  acquitted.* 

12.  (1861)  Reg.  V.  Buckle.  A  man  attempted  to  poison  his  wife 
with  strychnin  rnixed  with  sugar.  She  was  suspicious  and  did  not 
take  it.  Acquitted.  Subsequently  convicted  of  attempting  to  murder 
her  with  laudanum.' 

13.  (1861)  Reg.  V.  Vyse.  A  woman  poisoned  her  two  children  with 
Battle's  Vermin-Killer  and  attempted  suicide  by  cutting  her  throat. 
Strychnin  found  in  both  stomachs  and  livers  (Attfield).  Defense  in- 
sanity.    Acquitted." 

'  Assoc.  M.  J.,  1856,  ii.,  637.     Ph.  '  Am.  J.  M.  Sc,  1861,  n.  s.,  xlii., 

J.    and    Tr.,     1856-57,    xvi.,     115.  409. 

Browne  and  Stewart:  Op.  cit.,  233-  'Ph.  J.  and  Tr.,  1859-60,  n.  s.,  i., 

268.  621.     Paley:   Brit.  M.  J.,  1860,  ii., 

"  Elmer:  N.    Orl,    M.    News    and  604. 

Hosp.  Gaz.,  1858-59,  v.,  313.  «  Best.  M.  and  S.  J.,  1861,  Ixiv., 

'Crawcour:  Ibid.,  223.  101,  131,  181,  269,  283. 

*  Lawrence    and    Wormley:  Ohio  »  Ph.  J.  and  Tr,,  1861-62,  n.  s.,  iii., 

M.    and    S.    J.,    1864,    xvi.,    10-27.  390,  629. 

Robbins   v.   State,  8  Ohio,  131.  ^'>  Ibid.,    1861-62,   n.   s.,  iii.,  627; 

'  King:  Am.   J.   M.  Sc,   1859,  n.  1862-63,  iv.,  43,  89. 
s.,  xxxvii.,  573. 
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14.  (1862)  Reg.  v.  Vamplew.  A  girl  of  thirteen  years  convicted  of 
manslaughter  of  an  infant  in  her  charge  by  giving  it  Battle's  Vermin- 
Killer.  There  was  reason  to  believe  that  she  had  destroyed  two  other 
infants  by  similar  means  in  two  other  families. ' 

15.  (1862)  Com.  v.  Hersey.  Tried  in  Massachusetts  for  the  murder 
of  Betsy  Tirrol.' 

16.  (1862)  Reg.  v.  Burke.  Convicted  of  the  murder  of  his  wife. 
Strychnin  administered  mixed  with  Epsom  salt.  Strychnin  detected: 
more  than  3  grains  separated  from  stomach  contents  (Blyth).' 

17.  (1863)  Peo.  v.  Dan'l  E.  Salisbury,  tried  in  Cortland  County, 
N.  Y.,  for  the  murder  of  his  wife.^ 

18.  (1863)  State  v.  Mary  Freet  and  L.  Converse,  tried  in  Ohio  for 
the  murder  of  Wm.  Freet.     Strychnin  detected  ( Wormley) .  ^ 

19.  (1864)  Case  of  Capt.  Jarrey,  tried  at  Dunedin,  New  Zealand,  for 
the  murder  of  his  wife.     Strychnin  detected  in  stomach.  ° 

20.  (1864)  Affaire  Grisard.  Convicted  at  Dieppe  of  the  murder  of  a 
woman  (P^gard).  Strychnin  found  in  the  viscera  (Tardieu,  Lorrain, 
and  Roussin).' 

21.  (1865)  A  girl  of  nineteen  years  died  from  the  effects  of  pills  con- 
taining strychnin,  apparently  given  her  to  produce  abortion.  Cor- 
oner's jury  found  verdict  of  manslaughter.' 

22.  (1865)  Fall  Demme-Triimpy.  Dr.  Demme  and  Frau  Triimpy 
were  accused  of  the  murder  of  the  latter's  husband.  After  the  trial  of 
Demme,  in  which  he  was  acquitted,  he  ran  off  with  Flora  Triimpy,  the 
daughter  of  the  deceased  and  of  his  former  paramour.  A  false  report 
that  the  two  were  drowned  in  the  Lake  of  Geneva  was  followed  by 
the  finding  of  their  dead  bodies,  three  weeks  after  Demme's  acquittal, 
in  bed  in  a  hotel  at  Nervi,  Italy,  poisoned  by  morphin.  Strychnin  was 
administered  by  substitution  for  quinin.  The  poison  was  found  in  the 
stomach  and  intestines  (Schwarzenbach  and  Fliickiger)." 

23.  (1865)  Reg.  v.  Mary  Ann  Ashford,  tried  for  the  murder  of  her 

'Ibid.,  1862-63,   n.   s.,   iv.,    139.  2eme   ed.,  1125.     Chapuis:    "Precis 

Taylor:  "Poisons,"  3d  Am.  ed.,  683.  de  Tox.,"  591. 

'Yerrinton:  "Report  of  the  Case  «Ph.  J.  and  Tr.,   1865-66,  n.  s., 

of  Geo.  C.  Hersey,"   etc.,    Boston,  vii.,  240. 

1862.     We  have  not  seen  this  report.  °  Emmert:  "  Der  Criminal-Process 

'Ph.  J.  and  Tr.,   1862-63,  n.  s.,  Demme-Trumpy,         Wien,       1866. 

IV.,  90.    Med.  Times  and  Gaz.,  1862,  Wien.    med.    Halle,    1864,    v.,    480, 

li.,  115.  Taylor:  "Poisons,"  3d  Am.  503,  525,  536,  550.     Espagne:  Mont- 

ed.,  690.  pel.     m^d.,     1865,     xiv.,     54,     119. 

*Am.    J.    M.    Sc,     1864,    n.    s.,  Maschka:     Vrtljschr.    f.    d.     prakt. 

xlvm.,  399-418.  Heilk.,  1865,  Ixxxvi.,  69-112.   Huse- 

' Lawrence   and   Wormley:    Ohio  mann:    "Neue  Pitaval,"    1867,    ii., 

M.andS.  J.,  1864,  xvi.,  95,  190,  377.  255.     Strassmann      and      Kirsten: 

"Austral.  M.  J.,  1865,  x.,  321.  Virch.  Arch.,  1894,  cxxxvi.,  127. 
Tardieu:       "Empoisonnement," 
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husband  by  arsenic  and  strychnin.     Herapath  found  both  poisons  in 
stomach,  Mver,  and  vomit.     Convicted.' 

24.  (1867)  A  woman  was  fatally  poisoned  in  Austria  by  strychnin 
dissolved  in  wine,  sent  by  a  relative  under  the  pretence  that  it  was  a 
cure  for  epilepsy,  from  which  she  suffered.  Three  bottles  were  sent, 
only  one  of  which  contained  the  poison.  Analysis  of  the  viscera  failed 
(Maschka).' 

25.  (1867)  A  man  in  Austria  poisoned  himself  and  his  two  children. 
All  died.     Strychnin  in  crystals  found  in  all  three  stomachs.' 

26.  (1869)  Reg.  v.  Langford.  A  man  and  an  infant  were  fatally 
poisoned  at  different  times  by  the  wife  and  mother.  Strychnin  found 
in  the  ^■iscera  of  the  child,  not  in  that  of  the  man  (Letheby).  Ac- 
quitted.    Defense  insanity.^ 

27.  (1869)  A  questionable  case.^ 

28.  (1869)  Fall  Kropf.  A  girl  caused  the  death  of  her  fianc6  by 
strychnin,  having  failed  in  a  previous  attempt  with  the  same  poison. 
The  accused  was  the  daughter  of  a  forester  at  Thun,  Switzerland,  and 
obtained  the  poison  from  the  stock  which  her  father  kept  to  poison 
foxes.  Analysis  of  the  viscera  fourteen  days  after  death  did  not  show 
the  presence  of  strychnin  (Fltickiger).     Convicted." 

29.  (1870)  Reg.  v.  Callandine.  Woman  in  England  administered 
strychnin  to  her  husband  upon  two  occasions,  to  which  she  confessed. 
He  died  some  time  after  in  an  infirmary.  Sentenced  to  fourteen  years 
penal  servitude.' 

30.  (1870)  A  man  was  poisoned  by  strychnin  placed  in  a  sack  of 
fiour  by  an  unknown  enemy.     He  recovered.* 

31.  (1870?)  A  woman  in  Germany  was  poisoned  by  her  husband  by 
strychnin  in  coffee.  He  had  made  previous  attempts.  She  was  ac- 
quainted with  the  bitter  taste  of  the  poison  and  perceived  it  in  the  cof- 
fee, yet  drank  of  it.  In  the  treatment  morphin  was  given.  The  spasms 
became  less  intense  and  she  died  comatose.  Two  dogs  ate  of  coffee  and 
died  with  strychnin  symptoms.  Four  contradictory  "Gutachten." 
Strychnin  detected  in  the  viscera  and  coffee.     Defendant  convicted.' 

32.  (1871)  Reg.  v.  Edmunds.  A  woman  convicted  of  the  mur- 
der of  a  boy  of  four  years  by  strychnin  administered  in  "chocolate 
creams.'"" 

iPharm.  J.  1S65-6,  2  s.,  vii.,  531.  «Lang:   Diss.   Bern.,   1869.     Em- 

^Maschka:       Samml.       Gutacht.  mert:  Lehrb.  d.  ger.  Med.,  1900,  p. 

Prag.  mefl.  Fak.,  1867,  3  F.,  2Sn.  352. 

'Maschka:    Viertljschr.    f.    prkt.  '  Brit.  M.  J.,  1870,  ii.,  270. 

Heilk.,    1868,   iv.,    19.     Friedreich's  «  Bard:  Phila.  M.  Times,  1870-71, 

Bl.  f.  ger.  Med.,  1868,  xix.,  440.  i.,  316. 

^Ph.  J.  and  Tr.,   1869-70,  n.  s.,  «Preitner:    "Ueber    Strychmn- 

xi.,  159.  vergiftung,"  Diss.,  Wiirzb.,  1870,  6. 

'  Ibid.,  p.  370.  ■»  Ph.  J.  and  Tr.,  1871-72,  3  s.,  ii., 

176,  196,  215,  236,  597. 
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33.  (1871)  A  man  accused  of  having  murdered  his  wife.  Strychnin 
detected  in  the  stomach  (Calvert).' 

34.  (1871)  Case  of  Mrs.  Groocock.  Poisoned  her  infant  child  and 
attempted  suicide  with  Battle's  Vermin- Killer.^ 

35.  (1871)  Case  of  Blackburn  (Ohio?).  The  accused  and  his  mistress 
resolved  upon  mutual  suicide.  He  handed  her  strychnin,  which  she 
took  eagerly  and  died.  He  either  repented  of  his  resolve  or  never 
intended  to  take  the  poison  himself.' 

36.  (1872)  Two  hunters  in  Germany  were  in  the  habit  of  using 
strychnin  to  kill  foxes,  etc.  One  was  accused  of  having  attempted  to 
destroy  the  other  by  mixing  the  same  poison  with  his  food.  Acquitted. 
Apparently  the  alleged  victim  had  put  the  poison  into  the  food  himself 
to  support  a  false  accusation.* 

37.  (1872)  Case  reported  by  Porter  of  a  woman  who  died  soon  after 
having  eaten  an  apple  which  tasted  bitter.  Analysis  did  not  show 
strychnin.  The  reporter  is  "far  from  satisfied  as  to  the  actual  cause 
of  death."* 

38.  (1873)  Reg.  v.  King.  Defendant  twice  tried  for  the  murder  of 
his  father  in  Dublin.  Mistrial  and  acquittal.  It  was  admitted  that 
the  deceased  had  died  of  strychnin  poisoning." 

39.  (1873)  Edward  McCormick  was  found  dead  February  3d,  near 
Redwood  Falls,  Minn.  Was  last  seen  alive  January  31st.  His  brother 
was  charged  with  his  murder.  Body  exhumed  February  12th.  Strych- 
nin but  no  brucin  found  in  the  stomach.' 

40.  (1873)  A  woman  in  a  Western  State  killed  her  three  children  and- 
attempted  to  kill  herself  with  strychnin.  She  recovered  and  was  sen- 
tenced to  life  imprisonment.' 

41.  (1874)  Reg.  v.  Chas.  Stansfield.  Convicted  of  having  attempted 
to  murder  his  wife  by  vermin-killer  in  beer.  She  did  not  take  it.  A 
sediment  in  the  cup  was  strychnin." 

42.  (1874)  State  v.  Major.  Convicted  of  the  murder  of  his  wife  in 
New  Hampshire,  December  20th,  1874.  Analysis  showed  the  presence 
of  1 .  72  grains  of  strychnin  in  the  stomach  contents,  0 .  51  in  the  stomach, 
and  0.23  in  the  hver  (Wood).'" 

43.  (1874)  State  v.  Magoon.     Tried  for  the  murder  of  his  wife  in 

'  lUd.,  916.  '  Hand    and    Boardman:    North- 

'Ibid.,  1872-73,  3  s.,  iii.,  94.  west.  M.  and  S.  J.,  1873-74,  iv.,  364. 

'  Bartholow  and  Whittaker:  Cin-  *  Hays:  Pac.  M.  and  S.  J.,  1874-75, 

cm,  Clin.,  1871,  i.,  196,  208.  n.  s.,  viii.,  389. 

•Schumacher:  Friedreich's   Bl.  f.  "Ph.  J.  and  Tr.,  1874-75,  3  s.,  v., 

ger.  Med.,  1873,  xxiv.,  36.  96. 

'Tr.     Med.     Soc.     Co.      Albany,  "Hayes:    Amer.    Chemist,    1875, 

1851-70,  ii.,  95.  vi.,  202.     Wharton  and  Still6:  "Med. 

'Med.  Press  and  Circ,  1874,  n.  s.,  Jur.,"  4th  ed.,  ii.,  625. 
xvii.,  153. 
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New  Hampshire,  August  31st,  1874.  Body  exhumed  August  12th 
1875;  0.15  grain  of  strychnin  separated  from  the  stomach  and  0.23 
grain  from  part  of  the  liver;  it  was  also  detected  in  the  intestine.  The 
accused  confessed  to  the  crime  after  a  disagreement  of  the  jury  and  died, 
probably  a  suicide,  before  the  second  trial.' 

44.  (1875)  State  v.  Stickles.  A  woman  in  Iowa  tried  for  the  murder 
of  her  husband  by  strychnin.  Mistrial.  Strychnin  detected  in  the 
liver  (Hatfield).  There  was  evidence  that  the  deceased  had  taken  a 
medicine  containing  tincture  of  nux  vomica  and  liquor  potassse.  This 
would  cause  precipitation  of  the  strychnin,  nearly  all  of  which  may 
ha\'e  been  taken  in  the  last  dose.^ 

45.  (1876)  Reg.  v.  Silas  Barlow.  Convicted  of  the  murder  of  Eliza 
Soper,  who  lived  with  him  as  his  wife,  by  Battle's  Vermin-Killer.  Traces 
of  strychnin  found  in  the  stomach  (Bernays).^ 

46.  (1876)  State  v.  Hendricks.  A  woman  in  South  Carolina  tried  for 
the  murder  of  her  husband  by  strychnin  in  whisky.  Strychnin  found 
in  stomach  contents  (Baruch).  The  possibility  of  strychnin  being  an 
impurity  of  whisky  was  discussed  during  and  subsequent  to  the  trial. 
Acquittal.^ 

47.  (1876)  A  man  in  Germany  tried  for  the  murder  of  his  wife. 
Acquitted  because  an  analysis  failed  after  four  months'  bm-ial.' 

48.  (1877)  Affaire  Toulza  dit  Rapala.  A  man  in  France  was  accused 
of  the  murder  of  his  wife  (aet.  twenty-eight),  who  came  home  at  10:30, 
was  heard  to  cry  out  at  10:45,  had  frightful  spasms  and  died  at  11  o'clock. 

■  Autopsy  three  months  after  death.  Analysis  negative  as  to  strychnin. 
An  alkaloid  was  found  which  did  not  correspond  in  reaction  with  any 
known  alkaloid  (Filhol).     Defense  apoplexy." 

49.  (1878)  An  examination  as  to  the  cause  of  deatU  of  V A , 

supposed  to  have  been  murdered  by  strychnin.  Ciotto  obtained  the 
color  reaction  of  strychnin  from  extracts  from  the  cadaver,  exhumed 
twenty-five  days  after  death.  This  Italian  case  appears  to  have  been 
the  earliest  strychnin  poisoning  in  which  the  question  of  ptomains  was 
raised  (see  p.  1071).' 

50.  (1879)  State  v.  T.  P.  Bowman,  North  Carolina.  Convicted  of 
the  murder  of  his  wife.     Strychnin  found  in  the  cadaver  (Redd).' 

51.  (1879)  Peo.  v.  Harriet  Merrihew,  Lewis  County,  N.  Y.-   Con- 

'  Hayes:   Loc.  cit.     Wharton  and  ^  v.    Ranke   et  al.;  Virch.  Arch., 

Stills :  Op.  cit.,  203.  1879,  Ixxv.,  1. 

^  Chicago  M.  Times,  1876-7,  viii.,  '=  Causs6     and     Bergeron:     Ann. 

389.  d'hyg.,  etc.,  1878,  2  s.,  1,  272. 

'Browne   and   Stewart:   Op.   cit.,  'Ciotto:    "Parte    chimica   di   un 

26S-275.  caso  di  Perizia,"  etc.,  Padova,  1880. 

*  Baruch:  Tr.  So.  Car.  M.  Assoc,  Selmi:   "Ptomaine,"   etc.,   Bologna, 

1877,  84-94.  ISSl,  187-236. 

^  N.  Y.  Herald,  Aug.  30th,  1879. 
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victed  of  murder  in  the  second  degree  for  the  kilHng  of  her  husband. 
A  cousin,  Winthrop  M.,  was  also  indicted.' 

52.  (1879)  Elijah  Smith,  New  Haven,  Conn.,  attempted  to  poison  a 
family  by  strychnin  in  coffee.     Confessed.^ 

53.  (1875-79)  In  June,  1875,  the  wife  of  S ,  a  Bavarian  veterin- 
ary surgeon,  died  in  two  hours  after  having  received  medicine  at  the 
hands  of  her  husband,  and  having  suffered  violent  tetanic  spasms.  The 
body  was  exhumed  four  months  later  and  an  analysis  failed  to  show 

the  presence  of  strychnin.     S ,  who  had  fled  to  England,  returned,, 

was  tried  and  acquitted.  This  case  was  made  the  subject  of  discussion 
as  to  the  possibilities  of  detecting  strychnin  in  a  cadaver  four  months 
after  death.* 

54.  (1880)  A  woman  of  seventy  years  and  her  son,  aged  forty,  were 
poisoned  (in  Pennsylvania?)  by  strychnin,  "given  with  criminal  in- 
tent" in  whisky,  but  they  recovered.* 

55.  (1880)  State  v.  Lucey  E.  Meeker  and  Almon  Meeker.  Convicted 
in  Vermont  of  the  murder  of  Alice  Meeker.  Strychnin  detected  in  the 
liver  and  kidneys  and  5.9  mgm.  (0.09  gr.)  obtained  from  the  stomach 
and  contents  (Witthaus).^ 

56.  (1880)  State  v.  John  Dyer,  DeKalb  County,  Ind.  Convicted  of 
the  murder  of  his  wife.     Strychnin  detected." 

57.  (1880)  Affaire  Delaporte.  An  attempt  at  Paris  to  poison  four 
persons  by  strychnin  in  coffee.' 

58.  (1880)  An  attempt  by  a  servant  to  poison  his  master.  Inciden- 
tal mention  only.* 

59.  (1881)  Peo.  v.  T.  N.  Cream.  "Dr."  Cream  convicted  at  Belvi- 
dere,  111.,  for  the  murder  Dan'l  Stott.  Stott's  wife  was  also  charged 
with  the  crime  jointly  with  Cream.  Nearly  4  grains  of  strychnin  were 
found  on  analysis  (Haines).  Cream  was  sentenced  to  life  imprison- 
ment.   (See  Case  No.  98.)" 

60.  (1882)  May  Booth,  a  negress  of  fourteen  years  was  convicted  in 
Surrey  County,  Va.,  of  the  murder  of  two  persons  by  strychnin  mixed 
with  their  food. 

61.  (1882)  Jlrs.  Mary  Martin  was  convicted  of  murder  in  the  first 
degree,  at  Emporia,  Kans.,  for  the  killing  of  a  woman  whose  life  was 
insured  in  her  favor. 

'Hid.,    May    12th,     13th,     14th,  ^  Case   unpublished,   see   note,   p. 

1879;  Aug.  23d,  25th,  29th,  1880.  202. 

'Ibid.,  June  8th,  1879.  "  N.  Y.  Herald,  Jan.  19th,  1880. 

'Ranke   {et  al):  Arch.   f.   path.  '  Thibaut:    "Des    alcaloides    des 

Anat.,  etc.,  1879,  Ixxv.,  1-23.     Ann.  strychn^es,"  These,  Lille,  1886,  108. 

dhyg.,  etc.,  1881,  4  s.,  v.,  385-389  «  Austral.    M.    Gaz.,    1881-82,    i., 

(abst.).  105. 

,  'Roberts:    Med.    Times.,    Phila.,  » Texas  M.  and  S.  Rec,  1881,  i., 

1880,  X.,  323,  418. 
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62.  (1882)  Sally  Story  was  charged  at  Paterson,  N.  J.,  with  the  mur- 
der of  Jlrs.  Feest,  by  strychnin  administered  as  quinin. 

63.  (1882)  A  demented  girl  poisoned  an  entire  family  in  Tennessee. 
The  father  died.' 

64.  (1882)  Affaire  Martine.  A  man  convicted  at  Brugeres  (France) 
of  the  murder  of  his  niece,  set.  twenty-four,  to  obtain  insurances  upon 
her  life.  His  younger  brother  had  died  two  years  pre%iously  under 
similar  conditions.  Strychnin  was  detected  in  the  stomach  and  brain 
of  the  woman  (Gamier  and  Schlagdenhauffen) .  The  defense  attributed 
the  reactions  to  ptomains.^ 

65.  (1882)  Case  mentioned  by  BlackwelL' 

66.  (1882)  A  woman  in  England  killed  her  infant  and  herself  with 
Adshead's  Vermin- Killer.* 

67.  (1882)  An  attempt  to  poison  a  man  by  strychnin  in  a  cake  sent 
through  the  mail  from  Louisville,  Ky.,  to  Nashville,  Tenn.* 

68.  (1882)  A  woman  in  Germany  poisoned  her  seven-year-old 
daughter  and  herself.  Strj-chnin  was  determined  quantitatively  in  the 
stomach  and  liver  of  the  child.  The  cadaver  of  the  woman  had  been 
buried  and  was  exhumed  in  about  eleven  months.  Strychnin  was 
detected  in  the  stomach  and  liver  of  this  also  (Bischoff)." 

69.  (1882)  A  woman  named  Seybolt  poisoned  herself  and  four 
children  in  Chicago.     All  died.' 

70.  (1883)  Four  prisoners  in  Java  were  poisoned  by  strychnin,  appar- 
ently administered  by  their  jailer  in  coffee.     They  recovered.' 

71.  (1883)  A  woman  near  Quebec  was  charged  with  the  murder  of 
her  husband  by  strychnin.     Case  of  Emma  C.  Coates." 

72.  (1883)  Cook  Teat  was  convicted  of  the  murder  of  his  wife  by 
strychnin.     Pro  v.  Ontario.'" 

73.  (1884)  Case  mentioned  in  Lancet,  1884,  I.,  581. 

74.  (1884)  A  man  in  England  was  accused  of  the  murder  of  his 
ten-year-old  daughter  by  strychnin  administered  on  two  occasions  in 

'  Cases  60  to  63  are  taken  from  the  found    a    sample    of    sherry    wine, 

secular  press.  alleged  to  have  been  sent  to  a  person 

-  Garnier    and    Schlagdenhauffen:  for  the  purpose  of  causing  his  death, 

J.  d.  ph.   et  de  chim.,    1S82,   5  s.,  to    contain    a    large    quantity    of 

vi.,    342.     Tourdes:    Mehaut^,    "  De  strychnin. 

rempois.   p.    1.   strychnine,"   Lyon-  ^  Wolff:  "Einige  Falle  von  Strych- 

Paris,      1888,     40.     Garnier:     Rev.  ninvergiftung,"  Diss.,  Halle,  1887. 
m6d.  de  I'est,  1883,  xv.,  40.  '  N.  Y.  Herald,  June  11th,  1882. 

'  Med.  and  S.  Reptr.,  Phila.,  1883,  "  Bolhalter:  Rev.  d.  sc.  m^d.,  1884, 

xlviii.,  671.  xxiv.,  94. 

■*  Lancet,  1882,  i.,  537.  »  X.   Y.   Herald,   Sept.   3d,   12th, 

^  In   the   Graves   case   death   was  1883. 
caused    by    arsenic  in    whisky  sent  '°  N.  Y.  Herald,  Nov.  16th,- 1883, 

through  the  mail  from  Providence,  Nov.  6th,  1884. 
R.    I.,    to    Denver,    Col.     We   have 


STRYCHNIN    POISONING.  1025 

magnesium  sulfate,    for   the    collection   of   life    insurance.     Evidence 
insufficient.' 

75.  (1885)  State  v.  A.  B.  Morse,  Nebraska.  Tried  for  murder  of  his 
wife.    Mistrial.     Strychnin  found  in  the  stomach  (Clark). ^ 

76.  (1885)  Com.  v.  Wm.  Reed,  Virginia.  Tried  for  the  murder  of 
his  wife.    Analysis  failed.     Autopsy  five  months  after  death.  ^ 

77.  (1886)  Case  reported  by  Marston.  Administration  in  porter. 
Strychnin  found  in  stomach  and  washings  (Blunt).* 

78.  (1886)  Peo.  v.  Isaac  Griffin,  Alleghany  County,  N.  Y.,  Con- 
victed of  murder  in  the  second  degree  for  the  kiUing  of  Christ.  Fuller. 
Strychnin  found  in  the  stomach  (Witthaus).' 

79.  (1886)  Affaire  Rouan.  Trial  for  wife  murder.  Strychnin  found 
in  the  viscera  of  the  deceased  and  in  those  of  a  hog  which  had  eaten  of 
the  poisoned  soup.' 

80.  (1888)  A  family  at  Windsor,  Mo.,  was  poisoned  by  strychnin 
put  into  the  coffee  by  a  negress,  aged  twelve.  The  girl  was  compelled 
to  drink  of  the  coffee  and  died.' 

81.  (1889)  A  woman  in  Germany  destroyed  her  illegitimate  child 
by  "Weizen"  (wheat  impregnated  with  strychnin,  used  to  destroy  ver- 
min).   She  confessed.^ 

82.  (1889)  Affaire  Hoyet.  A  pregnant  girl  of  sixteen  years  destroyed 
by  strychnin,  administered  in  three  piUs.  Strychnin  obtained  on  an- 
alysis, 0.25  gm.  from  80  gm.  stomach  and  90  gm.  contents  (Garnier)." 

83.  (1889)  An  unsuccessful  attempt  by  a  woman  in  Germany  to 
poison  her  husband,  a  railway  employee,  with  strychnin  in  bread  and 
butter.  He  performed  his  duties  and  only  suffered  marked  strychnin 
effects  five  hours  after  having  eaten  the  poisoned  food.'" 

84-88.  (1891)  At  Mahore,  India,  a  native  of  twenty-two  years  was 
sentenced  to  death,  he  having  caused  the  deaths  of  his  father,  uncle, 
aunt,  step-mother,  and  a  servant  by  strychnin.  A  servant  of  the  ac- 
cused who  had  been  employed  by  him  to  put  the  poison  into  milk 
turned  state's  evidence  (case  of  Buchoo)." 

89-97.  (1880-93)  Nine  cases  of  homicide  by  strychnin  reported  to 
have  occurred  in  Finland  during  these  years.  Seven  of  these  victims 
were  females,  two  males.     One  of  these  cases,  that  of  a  schoolmaster 


Truman:  Lancet,  1884,  ii.,  189.  '  N.  Y.  Times,  June  4th,  1888. 

'' Clark:  Omaha  Clin.,  1893-94,  vi.,  «  Mittenzweig:  Ztschr.     f.    Med.- 

83.  Beamte,  1889,  ii.,  257. 

'Va.M.Mthly.,  1885-86,  xii.,  669.  "Ann.  d'hyg.,   1890,   3  s.,  xxiv., 

Lancet,  Lend.,  1886,  ii.,  442.  501. 

Not  reported.  "  Honigmann:  Deut.  med.  Wchn- 

'  LH6te  et  Pouchet:  Ann.  d'hyg.,  schr.,  1889,  xv.,  435. 

■'     '    -                ~-«      ™         .  II  Chemist    and    Druggist,    1891, 

xxxviii.,  580. 


looS,    3    8.,    XX.,    319.    Chapuis: 
mcis  de  Tox.,"  2lme  ed.,  600. 
IV.-65 
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poisoned  by  his  wife,  is  probably  that  of  Aina  Sainio.  Strychnin  was 
found  on  analysis  in  all  cases  save  one.' 

98.  (1892)  Reg.  v.  Thos.  Neill.  Executed  in  England  for  the  mur- 
der of  Matilda  Clover  by  strychnin.  This  defendant  had  been  pre- 
viously convicted  of  murder  by  strychnin  in  Illinois  in  1881  (see  No. 
59  above). ^ 

99-100.  (1893)  Two  women  were  poisoned  by  strychnin  adminis- 
tered in  capsules  by  an  unknown  man,  in  England.^ 

101.  (1893)  Two  persons  were  tried  for  murder  by  strychnin  poison- 
ing at  Jleadville,  Pa.  The  death  occurred  in  July,  1892.  An  expert 
testified  that  strychnin  could  not  be  detected  after  a  year's  burial. 
Acquittal.^ 

102-107.  (1893)  The  Schultz  case.  In  Lee  Co.,  Texas,  during  the 
period  June  8th  to  Sept.  18th,  six  children,  aged  from  three  months  to 
two  years,  were  either  found  dead  or  died  with  well-marked  strychnin 
symptoms  shortly  after  having  been  left  alone.  Mrs.  Schultz,  an  eccen- 
tric woman,  was  seen  at  three  of  the  houses  shortly  before  the  cases  there 
occurred,  and  from  one  sent  away  two  elder  children,  and  she  lived  within 
600  yards  of  the  other  two  houses.  An  analysis  of  the  stomach  and  con- 
tents in  the  last  case  was  made  by  an  inexperienced  young  student,  who 
found  nothing,  and  was  positive  that  there  was  no  strychnin.  The  case 
was  dismissed  by  the  magistrate  for  lack  of  evidence.  Mrs.  S.  made  two 
attempts  at  suicide,  having  spasms.  On  another  occasion  in  the  same 
neighborhood  some  one  attempted  to  poison  a  baby  with  strychnin  in 
sjTup.  An  examination  of  the  woman  as  to  her  sanity  resulted  in  her 
being  declared  sane.^ 

108.  (1895)  State  v.  Maggie  Kuhn.  Tried  at  Greensburg,  Ind.,  for 
the  murder  of  her  husband,  June  9th,  1894.  Mistrial.  The  deceased 
had  taken  a  medicine  containing  tincture  of  nux  vomica  four  or  five 
days  before  his  death.  The  defense  invoked  this  as  an  explanation  of 
the  presence  of  strychnin,  and  also  attacked  the  reliability  of  the  chem- 
ical tests.  There  was  also  question  of  the  number  of  spasms  which 
may  occur  in  strychnin  poisoning." 

109.  (1895)  State  v.  Halloway  and  Chase.  Vermont.  Mrs.  H.  and 
Wm.  Chase  were  tried  for  the  murder  of  the  husband  of  the  former. 
Mrs.  H.  was  acquitted.  Chase  convicted.     The  duration  of  the  case  was 

'Fagerlund:    Vrtljschr.     f.      ger.  '  Harley:  Lancet,  1893,  i.,  83. 

Med.,    1894,    3    R.,    viii.,    Supplhft.  *  Commumcation    of    Dr.    J.    P. 

92.     See  also:  N.  Y.   Herald,  Sept.  Hassler,  Meadville.Pa. 

23d,    1892;    N.    Y.    Evening   Post,  =  Barr:  Texas    Sanitarian,    1894- 

Sept.  22d,  1892.  5,  iv.,  400. 

'  See  daily  papers  of  the  period —  "  Communication    of    Dr.    Saml. 

N.  Y.  Herald,  June  21st,  24th,  25th,  Kennedy,  Shelbyville,  Ind. 
2Sth,     29th;    Julv    1st;     Oct.    18th, 
19th;  Nov.  16th,  1S92, 
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apparently  about  three-fourths  hour,  and  death  seems  to  ha-\'e  occurred 
in  the  first  spasm.  Strychnin  was  found  in  heart  and  stomach  and  con- 
tents. From  latter  3 . 8  mgm.  were  weighed  in  crystals,  and  11.6  mgm. 
were  obtained  from  the  contents.' 

110.  (1895)  In  a  small  town  in  Posen  a  catholic  priest,  aged  fifty, 
while  celebrating  mass  noticed  a  pronounced  bitter  taste  in  the  wine. 
He  completed  the  service  and  preached  for  about  ten  to  fifteen  minutes, 
when  the  effects  of  strychnin  became  manifest  and  he  died  in  two  hours. 
On  the  altar  was  found  a  white  crystalline  powder  which  on  analysis 
proved  to  be  strychnin.  From  the  stomach  7  mgm.  strychnin  were 
obtained,  but  none  from  the  organs  or  blood  or  urine.  Strychnin  in 
weighable  amounts  was  found  in  the  vessels  used  in  the  mass.  Suicide 
was  out  of  the  question,  but  the  case  was  never  cleared  up.^ 

111.  (1897)  Reg.  V.  Annie  L.  Canovan.  Tried  in  Canada  for  the 
murder  of  her  sister.  Characteristic  symptoms ;  death  in  fifteen  to  thirty 
minutes.  Deceased  three  months  pregnant  but  did- not  abort.  Threats 
and  purchase  proven,  but  not  administration.     Acquittal.' 

112.  (1898)  Reg.  v.  Walter  Horsford,  tried  for  the  murder  of  his 
cousin,  Annie  Holmes,  widow.  Mrs.  H.  had  stated  to  defendant  that 
she  was  pregnant  by  him,  he  having  recently  married.  Purchase  of 
strychnin  by  the  defendant  was  proven.  Deceased  showed  strychnin 
effects  and  died  in  a  short  time  after  first  seen  by  a  physician.  Strych- 
nin had  apparently  been  sent  to  the  deceased  under  pretense  that  it 
was  an  abortifacient.     She  was  not  pregnant.     Convicted.* 

113-115.  Among  Lessor's  cases  are  three  homicides:  No.  123.  A 
woman,  forty,  died  in  about  ten  minutes.  Cadaver  found  in  the  woods. 
On  moving  it  liquid  escaped  from  the  mouth,  which  was  licked  by  a 
dog  which  died  in  convulsions.  From  stomach  and  contents  31.5  mgm. 
strychnin.  No.  128.  Man,  forty-five,  died  in  one  hour  after  drinking  coffee 
which  was  very  bitter;  spasms;  strychnin  in  cadaver.  No  134.  Man, 
thirty,  died  in  twelve  hours;  administration  in  coffee;  only  traces  of 
strychnin  in  stomach  and  organs.^ 

116.  AUard  mentions  the  case  of  an  apothecary  at  Prague  who 
poisoned  his  wife  with  strychnin  on  pretense  that  it  was  an  abortifacient, 
but  he  gives  no  particulars." 

117.  (1903)  State  v.  Paul  Woodward,  tried  and  convicted  at  Camden, 
N.  J.,  for  the  murder  of  two  boys  whose  bodies  were  found  dead  Oct.  3 
and  4,  they  having  been  last  seen  alive  on  the  afternoon  of  the  1st. 

'  Bariett:  Boston  M.  and.  S.  J.,  '  Lancet,  1898,  i.,  1628. 

1897,  cxxxvi.,  570.  ^  Vrtljschr.  f.  ger.  Med.,  1898,  3  P., 

/Litterski:  Aerztl.  Schverst.  Ztg.,  xv.,  268-272. 
1902,  viii.,  200,  335.  f' Vrtljschr.  f.  ger.  Med.,  1903,  3  F., 

'Ross:  Montreal   Med.    J.,    1898,  xxv.,  Splh.,  243. 
xxvii.,  503. 
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Defendant  connected  by  purchase  of  strychnin  and  remains  of  food  in 
stomachs.  Weighable  quantities  of  strychnin  were  separated  from  the 
stomachs  and  organs.     Cases  21  and  22,  table  on  p.  1038.' 

118.   (1903)  State  v.  Annie  R.  Phares,  tried  in  New  Jersey,  June 

1903.  Administration  to  husband  in  medicine  in  presence  of  a  third 
person.  Weighable  quantities  of  strychnin  in  stomach,  liver,  and 
kidneys.  Case  No.  17,  table  p.  1038.  Alleged  motive:  life  insurance 
,and  sexual.     Acquittal.^ 

119-120.  (1904)  Near  Glenn's  Falls,  N.  Y.,  a  woman  (45)  gave 
strychnin  to  her  two  children  (4  and  6),  and  took  it  herself.  The  children 
vomited,  and  suffered  no  further  ill  effects,  but  the  woman  had  con- 
vulsions and  opisthotonos,  and  died  in  about  twenty  minutes.' 

121.  (1904)  A  woman  charged  with  the  murder  of  her  mother  in 
Ireland.  A  sister-in-law  was  arrested  in  Montreal  charged  with  com- 
plicity. Exhumation.  Traces  of  mercury  and  strychnin  in  the 
cadaver.* 

122.  (1906)  Attempt  of  a  man  in  Germany  to  poison  his  wife  with 
strychnin  in  coffee.  Violent  vomiting  in  ten  minutes,  later  spasms 
and  opisthotonos.  A  dog  licked  the  vomit,  in  twenty-five  minutes  it 
had  spasms  in  which  it  died.  No  strychnin  in  part  of  vomit  spilt  on 
the  floor.  Weighable  quantities  of  strychnin  in  the  lavage  water  from 
the  stomach  and  in  the  stomach  of  the  dog. ' 

123.  (1906)  "The  Cumnock  Shortbread  Case."  Shortbread  sent 
by  post.  Partaken  of  by  a  man  of  seventy-eight,  a  woman  of 
eighty,  and  another  woman  of  fourteen  years  who  recovered,  and  a 
woman  of  fifty-six  who  died  in  one  and  one-half  hours,  after  charac- 
teristic strychnin  symptoms.  The  cake  itself  was  free  from  strychnin, 
but  the  icing  contained  forty-one  per  cent.  Accused  (Brown),  tried  in 
March,  1907,  declared  insane." 

124.  (1907?)  Three-year-old  girl  died  in  a  few  hours;  101  mgm. 
strychnin  in  fine  crystals  found  in  stomach.' 

125.  (1909)  An  attempt  at  Youngstown,  Ohio,  to  poison  a  Catholic 
priest  by  strychnin  in  the  mass  wine.' 

126.  Peo.i).  H.  E.  Bennet,  tried  in  California  in  Sept.,  1909.  Accused 
of  wife  murder.  Deceased  died  Feb.,  1909,  body  exhumed  in  May, 
strychnin  in  stomach  and  intestine,  traces  in  liver.  Jury  disagreed  as 
to  suicide  or  homicide. 

'Marshall:  Amer.  Med.,  1904,  vii.,  'Nickel:  Vrtljschr.  f.  ger.  Med., 

990.  1906,  3F.,  xxxi.,  90. 

^  Beringer:     Amer.     J.     Pharm.,  "  Littlejohn      and      Drinkwater: 

1905,  Ixxvii.,  89.  Edinb.  M.  J.,  1907,  n.  s.,  xxii.,  112. 

'  Barber:   New  York  State  J.  M.,  '  Kratter:  Vrtljschr.  f.  ger.  Med., 

1904,  iv.,  229.  1907,  3  F.,  xxxiii.,  Suplh.,  130. 

*  Pharm.  J.,  1904,  xix.,  911.  "  New  York  Times,  Dec.  2d,  1909. 
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127.  (1909-10).  Peo.  v.  M.  M.  Lustig,  tried  New  York  County,  May, 
1910.  Convicted  of  murder  of  wife  by  strychnin.  Death  Oct.  28,  1909, 
after  four  days'  illness.  Body  buried  on  certificate  of  "tubercular 
meningitis,"  exhumed  six  weeks  later.  Strychnin  found  in  cadaver 
(Smith).    Motive,  collection  of  life  insurance. 

128.  (1909-10).  State  v.  B.  C.  Hyde,  tried  Kansas  City,  Mo.,  April- 
May,  1910.  Convicted  of  murder  of  Thos.  H.  Swope,  aet.  81.  Alleged 
administration  in  capsule  8.30  a.  m.,  spasms  8.50,  lasted  about  ten 
minutes,  later  in  coma  until  death  7.30  p.  m.  Two  hypodermics  each 
,V  gr.  strychnin  administered  during  coma  under  direction  of  defendant. 
Strychnin  found  in  cadaver  (Haines).  Alleged  quantitati^-e  determina- 
tion of  7  gr.  in  200  gm.  liver  (Vaughan).  The  defendant  was  also 
accused  of  having  caused  the  death  of  Chrisman  Swope  by  strychnin, 
and  the  illness  of  other  members  of  the  family  by  inoculation  with 
typlioid  germs. 

129.  (1909-10).  State  v.  Alma  P.  Vaughn  and  J.  R.  Hull,  jointly 
indicted  in  Missouri  for  having  caused  the  death  of  the  husband  of  the 
former.    Strychnin  found  in  cadaver.     Nolle  prossed  Jan.,  1911. 

The  remaining  cases  are  briefly  referred  to  in  secular  journals. 
In  one  a  woman  met  her  death  by  swallowing  a  poisoned  lemonade 
which  she  had  prepared  for  her  husband. 

Homicidal  poisonings  by  nux  vomica  have  been  of  much  less  fre- 
quent occurrence.  Taylor'  mentions  the  case  of  Reg.  ■;;.  Wren,  1851, 
an  attempt  to  administer  the  powder  in  milk,  frustrated  by  the  bitter 
taste,  Fiihrer'  reports  the  conviction  of  a  woman  of  the  murder  of  her 
new-born  infant.  The  analysis  failed  to  detect  strychnin.  Otto^ 
refers  to  an  attempt  by  a  servant  girl  by  mixing  nux  vomica  with  a 
"Braten,"  which  failed  by  reason  of  the  bitter  taste. 

Lethal  Dose. — The  minimum  lethal  dose  of  strychnin  for 
adults  may  be  placed  at  about  0.03  gm.  (half  a  grain).  That 
quantity  has  proved  fatal  in  twro  instances,  in  both  of  which  the 
amount  of  the  dose  was  accurately  fixed.  In  one  a  woman  of 
twenty-two  years  died  in  five  hours  from  the  effects  of  half  a 
grain  of  strychnin  administered  through  mistake  of  a  hospital 
nurse.*  The  other  was  the  case  of  Dr.  W.  C.  Warner,  at  the 
time  a  member  of  the  Vermont  Legislature,  who  took  half  a 
grain  of  strychnin  dispensed  in  mistake  for  morphin  to  the  use  of 
which  the  deceased  was  habituated.     The  first  spasm  came  on  in 

'''Poisons,"3d  Am.  ed.,  665.  '  "Ausmit.   d.   Gifte,"   6te  Aufl., 

Vrtljschr.  f.  ger.  Med.,  1876,  n.  p.  40. 
^•.  XXV.,  290;  Ann.  d'hyg.,  1878,  2  *  Lancet,  1856,  ii,.  291,  302. 

S',  xhx,,  536.  J&>  > 
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about  five  minutes  and  lasted  about  five  minutes.  After  an 
interval  of  the  same  duration  he  had  a  second  spasm,  during 
which  he  died,  in  about  fourteen  minutes  after  having  taken  the 
poison.^  Three  deaths  are  reported  from  about  three-quarters 
of  a  grain  (0 .  048  gm.) :  one  that  of  a  girl  of  thirteen  years;-  another 
that  of  a  man  of  twenty-eight  years,'  in  which,  however,  Marsden's 
vermin-killer  was  taken  by  a  suicide,  and  the  dose  is  conse- 
quently estimated;  the  third  that  of  a  woman  who  died  from 
the  effects  of  0.05  gm.  given  in  a  pill  in  mistake  for  spartein.* 
In  two  instances  adults  have  died  from  the  effects  of  1  grain 
(0.065  gm.).'^  The  minimum  lethal  dose  for  young  children 
may  be  placed  at  0.004  gm.  (yV  grain)  which  quantity  is  said 
by  Taylor,  upon  the  authority  of  Blacklock,  to  have  caused 
the  death  of  a  child  of  two  to  three  years.*  This  must,  how- 
ever, be  considered  as  exceptional,  as  we  find  no  record  of  another 
instance  in  which  the  death  of  a  child  has  been  caused  by  less 
than  six  times  that  quantity.' 

Adults  have  recovered  after  having  taken  very  large  doses, 
as  much  as0.97,«  1.3,«  1.75,i°  2.0,"  and  even  2.6i=  gm.  (15,20, 
27,  32,  and  40  grains).  Mann'^  refers  to  a  case  in  which  22  grains 
(=1.4  gm.)  remained  in  the  stomach  for  two  hours  before 
vomiting  occurred,  yet  recovery  took  place.  Some  cases  have 
been  reported  which  seem  to  indicate  a  cumulative  action  by 
repeated  doses  of  strychnin,  or,  at  all  events  an  excessive  action 
of  relatively  small  doses  in  persons  who  have  previously  taken 

'■  Bost.  M.  and  S.  J.,  1847,  xxxvi.,  1883,   xv.,   225.     Wallace  and  Mc- 

209.     Brit.  Am.  J.,  1847,  iii.,  105.  Rae:   Brit.    M.    J.,    1892,    ii.,    179. 

2  Watson:  Lancet,  1846,  i.,  73.  Tschepke:  Deut.  Klin.,   1861,   xiii., 

'  Ogston:  Ibid.,  1856,  i.,  428.  99;  Am.  J.  M.  Sc,  1863,  n.  s.,  xlv., 

*  Socquet,  Ogier  and  Balthazard:  29.     Terry:  Med.    Indep.,    Detroit, 

Ann.  d'hyg.,  1907,  4  s.,  vii.,  523.  1857,  iii.,  259.     Atlee:  Med.  Times 

=  Lancet,  1873,  ii.,  533.     De  Cour-  and  Gaz.,  1871,  i.,  283. 

cillon:  Med.  Arch.,  St.  Louis,  1869,  >°  Davis:  Cine.    M.   and  Dent.  J., 

iii.,  31.  1886-87,  ii.,  65,  in  divided  doses  be- 

"  "Poisoning  by  Strychnine,"  138.  tween  morning  and  noon. 

'Gallard:  Ann.  d'hyg.,  etc.,  1865,  "  Niedner:    Charity    Ann.,    1905, 

2  s.,  xxiii.,  386.     Two  deaths:  boy  xxix.,  26. 

of  11  years,  0.03  gm.;  girl  of  5  years,  '^  Wilson:  Am.  J.  M.  Sc,  1864,  n. 

0.025  gm.  s.,  xlviii.,  70.     In  the  case  of  recov- 

«Lee:  Med.    Bull.,    1883,    v.,    82.  ery   from    "the    enormous   dose   of 

Parker:  Med.-leg.   J.,    1S84-85,    ii.,  4.0  g. "  referred  to  by  Kobert  ("In- 

375.     Berry:  Phila.  M.  Reg.,  1887,  tox.,^'   2te.  Aufl.,  ii.,  1155)  the  dose 

i.,  566.     Gobrecht:  Tr.  M.  See.  Pa.,  recovered  from  was  4  grains  (0.26 

1870,  70,  with  §i  chloroform.  gm.):  Waller:  Ph.  J.  and  Tr.,  1865- 

"  Conner:  Ohio   M.   Recdr.,    187!),  6,  2  s.,  vii.,  533. 

iv.,    12.     Gray:  Brit.    M.   J.,    1880,  '' "For.  Med.  and  Tox.,"  1893,  p. 

i.,  486.     Seargent:  Louisv.  M.  Xews,  545. 
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smaller  doses,  or  have  even  established  a  certain  tolerance. 
Thus  Booth  reported  the  death  of  a  man  of  forty-six  years, 
which  followed  in  two  and  a  half  hours  after  his  having  taken 
IJ  grains,  he  having  previously  taken  repeated  smaller  doses. "■ 
Pereira  refers  to  the  case  of  a  paralytic  who,  while  under  treat- 
ment by  strychnin,  the  dose  having  been  increased  from  |  grain 
to  I  grain  and  then  to  J  grain,  died  rather  suddenly  in  a  tetanic 
spasm.- 

Duration. — Usually  in  fatal  strychnin  poisonings  death 
occurs  within  one  hour,  and  is  rarely  delayed  beyond  two  hours. 
In  92  of  186  fatal  cases  in  the  reports  of  which  the  duration  is 
stated,  it  was  less  than  one  hour,  in  44  it  was  from  one 'to  two 
hours,  in  14  from  two  to  three  hours,  in  14  from  three  to  four  hours, 
and  in  22  longer  than  four  hours.  If  the  patient  survive  for  two 
hours  the  probability  of  recovery  is  great. 

In  a  number  of  reports  death  is  said  to  have  occurred  "  soon," 
or  "suddenly."  In  one  instance  a  man  took  If  grains  of  strychnin 
and  an  equal  quantity  of  nux  vomica  in  consequence  of  a  drug- 
gist's error.  "Very  soon"  afterward  he  complained  of  some 
extraordinary  sensations  and  almost  immediately  expired.^ 
Terry^  also  reported  the  case  of  a  suicide  who  died  "very  soon" 
after  having  taken  20  grains  (1.3  gm.)  of  strychnin.  Lefort^ 
refers  to  the  poisoning  of  three  children  by  strychnin  dispensed  in 
mistake  for  santonin.  Two  of  them  are  said  to  have  fallen  as 
if  struck  by  lightning  and  to  have  died  in  a  few  minutes.  In 
another  case  of  mistake  for  santonin  a  child  is  said  to  have 
screamed  violently  within  four  minutes  after  the  administration 
and  to  have  died  in  a  few  minutes.*     MacLagan  found  I  grain  of 

'Med.    Times    and    Gaz.,     1856,  SoUman,     Abrams,     Potter,     Shoe- 

xiii.,  35.  maker,    etc.,    ascribe   a    cumulative 

'"'Mat.   Med.,"    1872,    656.     See  action  to   strychnin,   but   Troisfon- 

also  in  this  connection   Leach:  M.  taines    (Rev.   de  Th(5r.,    1907,    532) 

Times    and    Gaz.,     1863,    ii.,     487.  positively  denies  that  it  occurs,  and 

Dutgher:  M.  and  S.  Reptr.,  Phila.,  Culbreth  ("Man.  Mat.  Med.,"  etc., 

1865,  xiii.,  2.    Forman:  Tr.  M.  Soc.  3d    Ed.,    1903,   466)    states  that  a 

N.    Jersey,     1871,     314.     Hunter:  tolerance  is  soon  estabhshed. 

Med.  Times  and  Gaz.,   1867,  ii.,   5.  =  Am.  J.  M.  Sc,  1854,  n.  s.,  xxvii.. 

Greenwood:  Lancet,    1856,   i.,    654.  537. 

Urreras-Arajo:  Cblt.     f.     prakt.  'Med.  Independ.,   Detroit,   1857, 

Augenhlk.,  1880,  iv.,  113.     Falconer:  iii.,  259. 

Amer.  Practit.  and  News,  1898,  xxvi.,  ''Bull.  ac.  de  m(5d.,  Par.,  1881,  2 

9-    Meier:  fieri,     kl.     Wchnschr.,  s.,  x.,  460. 

1905,  xlii.,  1225.     Most  of  the  writers  "  Ph.  J.  and  Tr.,  1874-75,  3  s.,  v., 

on  materia  medica,  Stevens,   Hare,  757,  879. 
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strychnin  in  the  stomach.  Gray'  refers  to  a  death  in  five 
minutes.  Taylor^  refers  to  the  deaths  of  two  adults  which  fol- 
lowed one  in  ten,  the  other  in  fifteen  minutes  after  their  having 
each  taken  about  Ih  grains  of  strychnin  in  mistake  for  quinin. 
A  child  is  said  to  have  died  in  ten  minutes  from  the  effects  of 
strychnin  given  by  its  father  by  mistake.^  Another  child  died 
in  ten  minutes  after  having  received  an  injection  of  strychnin 
given  in  treatment  for  diphtheria.*  Deaths  in  fifteen  minutes 
have  been  reported  by  Blackwell,^  Barr,"  and  Ogston;'  and 
in  twenty  minutes  by  Adams,*  Allen,'  Heward,'"  Geoghegan," 
and  Lacassagne.'"  The  supposed  duration  of  the  poisonings 
of  Cook  (Reg.  V.  Palmer)  and  of  Matilda  Clover  (Reg.  v.  Neill) 
was  twenty  minutes.  Almost  all  of  the  small  number  of  fatal 
poisonings  whose  duration  has  exceeded  two  hours  have  not 
exceeded  nine  hours.  Cases  whose  duration  has  been  from 
four  to  nine  hours  have  been  reported  by  Tarchini-Bonfanti,'' 
Lancereaux,'*  Blacklock,''  Jones,'"  Stewart,"  Harley/*  Pilking- 
ton,'»  Reese,'"  McClintock,''  Wilkins,'^  Thibault,'^  and  Henry.^* 
A  paralytic  who  had  been  taking  increasing  doses  of  strychnin, 
swallowed  the  sediment  in  the  bottle  with  the  last  dose  and 
died  in  about  six  hours  thereafter.^^     In  a  case  referred  to  by 

'  Glasgow  M.  J.,  1870-71,  iii.,  167.  ''  Gazz.  med.  it.  lomb.,  1856,  4  s., 

^  "Poisons,"  3d  Am.  ed.,  682.  i.,  147  (4  hours). 

'Pli.  J.  and  Tr.,  1871-72,  3  s.,  ii.,  '*  France  m^d.,  1877,  xxiv.,  17  (4 

298.     See  also  Med.  Times  and  Gaz.,  hours). 

1869,  i.,  605.  »°  Taylor:   "Poisoning  by  Strych- 

*  Ztschr.    f.    Med.-Beamte,    1895,  nia,"  138  (4  hours), 

viii.,  472.  is  Lancet,    1856,  ii.,   291,   302  (5 

'^  M.  and  S.  Reptr.,  Phila.,  1883,  hours).     Another    case    fatal   in    5 

xlviii.,  671.  hours  is  briefly  referred  to  in  Ph.  J. 

"  Texas    Sanitarian,    1894-5,    iv.,  and  Tr.,  1856-7,  xvi.,  485. 

40d,  Case  4.  "  Mthly.  Stethosc.  and  M.  Reptr., 

'  Lancet,  1856,  i.,  428.     Also  an-  1856-57,  i.,  787  (5  hours), 

other  in  Ph.  J.  and  Tr.,   1863-64,  »«  Lancet,  1893,  i.,  83  (5i  hours), 

n.  s.,  v.,  586.  "  Lancet,  1893,  i.,  1513  (6  hours). 

»  Brit.  M.  J.,  1894,  i.,  300.  ^o  ^m.  J.  M.  Sc,  1861,  n.  s.,  xlii., 

»  Host.  M.  and  S.  J.,  1847,  xxxvi.,  409  (6  hours). 

209  (case  of  Dr.  W.  C.  Warner).  2'  Dubl.  Q.  J.  M.  Sc,  1857,  xxiv., 

'»  Brit.  M.  J.,  1869,  ii.,  322.  214  (6  hours,  also  jumped  out  of  a 

"  Dublin    M.    Press,    1856,   xxv.,  window   35   to   40   feet   above  the 

401.  ground). 

1^  Arch,  de  I'anthrop.  crim.,  1888,  "  Lancet,  1857,  i.,  551  (6*  hours), 

m.,   503.     (Aff.   de  Pont  de   Beau-  "  "  Alcaloides  des  strychn.,"  Diss., 

voisin,     1877.)     Other     cases     also  Lille,  1886,  109  (7  to  8  hours,  Aff. 

referred  to  in  Ph.  J.  and  Tr.,  1866-  Remillerot). 

67,  n.  s.,  viii.,  308.     Lancet,  1866,  "  Austral.  M.  Gaz.,  1893,  xii.,  73., 

ii.,  395.     Brit.  M.  J.,  1885,  i.,  449.  "^  Gen.    Ber.    Rhein.   med;   CoU. 

1837  (1839),  187. 
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Wolff/  involving  a  life-insurance  litigation,  the  duration  could 
not  have  been  less  than  seven  hours;  it  was  a  question  whether 
the  death  was  due  to  strychnin  poisoning  or  to  tetanus  resulting 
from  an  injury,  apparently  self-inflicted. 

In  a  few  instances  the  duration  in  fatal  cases  has  been  even 
greater.  In  a  homicidal  case  referred  to  by  Lesser^  death  occurred 
in  twelve  hours  after  the  administration  in  coffee.  Tardieu  and 
Roussin'  describe  the  case  of  a  young  girl  who  died  in  eighteen 
hours  after  having  taken  more  than  a  grain  of  strychnin  with 
suicidal  intent.  A  homicidal  case,  in  which  the  question  of  dura- 
tion was  important,  and  in  which  it  could  not  have  been  less  than 
twenty  hours,  is  reported  by  Preitner.  In  this  case,  however, 
morphin  to  the  extent  of  2|  grains  was  given  in  treatment  and 
the  woman  died  comatose.*  In  June,  1879,  Edward  Parr  was 
convicted  in  Philadelphia  of  the  brutal  murder  of  his  daughter. 
While  the  sentence  of  death  was  being  pronounced  he  succeeded 
in  taking  strychnin  unobserved;  at  the  termination  of  the  passage 
of  sentence  he  was  attacked  with  spasms  and  died  between  seven- 
teen and  eighteen  hours  afterward,  although  the  stomach  was 
washed  out  in  a  short  time.  As  he  was  unconscious  during 
much  of  this  time  it  was  thought  possible  that  his  death  had 
been  caused  by  the  large  quantity  of  morphin  administered 
by  the  physicians.  The  terminal  symptoms  were,  however,  dis- 
tinctly those  of  strychnin.  Probably  death  was  delayed  by  the 
morphin.' 

Two  fatal  cases  each  of  the  extraordinary  duration  of  forty- 
five  hours  have  been  reported.  One  was  that  of  a  woman  suicide 
of  thirty-two  years  who  manifested  typical  strychnin  symptoms, 
and  in  whom  salivation  was  abundant,  with  copious  accumula- 

'  "Einige  Falle  v.  Strychninver-  That  it  was  a  strychnin  poisoning  is 

gift.,"  Diss.,  Halle,  1887,  23.     Also  doubtful.     Apart   from   the    symp- 

Lesser;  Vrtljschr.  f.  ger.  Med.,  1898,  toms  the  only  evidence  that  it  was 

3F.,  XV.,  268,  272,  Case  133.  are  the  statement  of  the  deceased  to 

''Vrtljschr.    f.   ger.    Med.,    1898,  a    neighbor    that    she    had    taken 

3  F.,  XV.,  268,  272,  Case  134.  strychnin  and  the  results  of  a  very 

'"Empoisonnement,"     2d     ed.,  crude   and   unsatisfactory   analysis. 

1173.  Cox:  (South.  Practit.,    1896,   xviii., 


'"Ueb.  Strychninvergift.,"  Diss.,  355),  reports  the  case  of  a  man  of  30 

Wurzb.,  1870.  years  who  took  8  grains  (0 . 5  gm.) 

'beffmann:    Med.    Bull.,    Phila.,  of    strychnin    and    died    5}    days 

1879,    i.,    58.     Mendenhall     (Cine.  thereafter.     The  history  of  the  case, 

banc,  and  Obs.,  1864,  n.  s.,  vii.,  26)  however,    indicates    a    fatal    acute 

reports  a  death  which  he  attributes  nephritis    as    the    cause    of    death. 

to  strychnin  taken  four  days  before.  No  autopsy  was  made. 
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tion  of  froth  in  the  mouth,  which  caused  her  death  suddenly  by 
entrance  into  the  respiratory  passages.^  In  the  other  case  a 
male  suicide  of  twenty- four  years,  a  morphinist,  swallowed  0 .  25 
to  0 . 3  gm.  (4-5  "  gran, "  Russian)  dry  on  an  empty  stomach. 
Intense  strychnin  effects  were  produced,  after  some  delay,  appar- 
ently. These  yielded  slowly  to  morphin  and  chloroform,  there 
was  copious,  repeated,  spontaneous  vomiting,  later  sleep,  and 
finally  collapse,  with  the  appearance  of  jaundice,  and  death  from 
heart  failure,  while  respiration  and  consciousness  were  still 
functioning.^ 

The  action  of  nux  vomica  is  as  rapid  as  that  of  strychnin. 
The  longest  duration  of  a  fatal  poisoning  was  seven  hours,  in  a 
girl  of  eighteen  years,  who  took  half  an  ounce  (15.6  gm.)  of 
the  powder  with  suicidal  intent.  A  man  died  in  a  few  minutes 
after  having  taken  pills  in  the  composition  of  which  extract  of 
nux  vomica  had  been  used  in  mistake  for  walnut  extract.^  A 
man  died  in  ten  minutes,*  and  another  in  fifteen  minutes.' 
Henderson"  has  reported  the  death  of  a  girl  of  ten  years  in  fifteen 
minutes  after  having  taken  a  prescription  containing  tincture 
of  nux  vomica  and  antipyrin,  and  also  relates  the  serious  poison- 
ing of  a  young  lady  by  the  same  combination. 

Absorption — Distribution. — That  absorption  of  strychnin 
from  the  alimentary  canal  in  man  may  begin  immediately  and 
progress  rapidly  is  shown  by  the  numerous  cases  in  which  it  has 
developed  its  full  tetanic  effects  and  even  caused  death  within  a 
few  minutes  after  its  ingestion.^  On  the  other  hand,  instances 
of  one  to  two  hours'  interval*  can  only  be  accounted  for  by  de- 
layed absorption  in  pure  strychnin  poisoning,  and  Vrij  dag's" 
case  demonstrates  that  such  delay  may  occur  even  under  cir- 
cumstances favoring  rapid  absorption.  Whether  the  prompt 
appearance  of  symptoms  in  man  after  ingestion  per  os  indicates 
gastric  absorption  or  rapid  passage  of  the  pylorus  has  not  been 
demonstrated,  but  the  latter  is  the  more  probable,  particularly  as 
strychnin  stimulates  the  movements  of  the  stomach.     Although 

'  Betz:  Memorabil.,  Heilbr.,  1S,S2,  =  Gorr6:    Bull.    g^n.    de    th^rap., 

n.  F.,  ii.,  321.  1S53,  xliv.,  266. 

-Weyrich:      St.     Petersb.      med.  « Med.  Rec,   X.  Y.,   1887,  xxxi., 

Ztschr.,  1869,  xvi.,  135.  95. 

^Perini     and    Tarchini-Bonfanti:  '  See  pp.  1031,  1041. 

Gazz.  med.  ital.,  1864,  5  s.,  Ill,  430.  «  See  p.  1042. 

U^ellarin:   Ann.   d'hyg.,    1860,    2  «  Nederl.  Weekbl.,  1900,  ii.,  628. 
s.,  xiv.,  431. 
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Mann'  claims  that  strychnin  is  absorbed  slowly  from  the  stomach, 
the  experiments  of  Melzer  have  shown  that  in  the  dog^  absorp- 
tion from  the  stomach  takes  place  less  readily  than  from  any 
other  part  of  the  alimentary  canal,  and  in  the  rabbit'  not  at  all. 
The  immunity  of  hens  to  strychnin  given  by  the  mouth  is  due 
to  non-absorption,  as  these  birds  are  quite  susceptible  to  that 
alkaloid  when  given  hypodermically.*  If  life  be  sufhciently 
prolonged  strychnin  appears  to  be  completely  removed  from  the 
stomach,  either  by  absorption  or  passage  into  the  intestine,  in 
ten  hours.  In  Weyrich's  protracted  case,  in  which  0. 25  to  0. 31 
gm.  were  swallowed,  Dragendorff  detected  the  alkaloid  in  the 
vomit  discharged  in  six,  eight,  and  nine  and  one-half  hours,  but 
not  in  that  of  eleven  and  one-half  hours  and  fourteen  hours,  nor 
in  the  stomach  contents  after  death.  ^  In  the  reported  human 
strychnin  poisonings  administration  has  been  by  the  mouth  or 
hypodermic  ally  except  in  two  instances:  In  one  case  tetanus 
followed  the  application  of  powdered  strychnin  to  the  eye  in 
three  to  four  minutes.®  In  another  instance  the  inhalation  of 
steam  from  a  hot  mixture  containing  strychnin  caused  mild 
poisoning.'  Strychnin  passes  from  the  maternal  circulation  to 
the  foetus.^ 

With  regard  to  distribution  we  learn  little  from  the  data 
available.  As  the  quantity  introduced  into  the  stomach  dimin- 
ishes with  continuance  of  life,  it  might  be  expected  that  the 
largest  amounts  would  be  found  in  the  stomach  in  cases  of  short- 
est duration.  The  amount  found,  however,  depends  much  more 
upon  the  magnitude  of  the  original  dose  than  upon  the  duration. ' 
In  the  following  table  Nos.  10  and  11  were  of  equal  duration,  yet 
one  is  the  maximum  and  the  other  the  minimum  of  the  table, 
and  in  No.    30,   the   case   of   longest   duration,   the   stomach 

'Med.  Chron.,  1889,  x.,  113.  Naturf.  u.  Aerzte,  1905-6,  Ivii.,  Th. 

^  Am.  J.  M.  Sc,  1899,  n.  s.,  cxviii.,  ii.,  2tes  H.,  453.     See  also  pp.  S3-5. 

560.  5  u  Beitrage,"  p.  194. 

'Tr.  Ass.   Am.  Phys.,  1896,  xi.,  "Schuler:    Gaz.    mid.    de    Paris, 

221.  1861,  3  s.,  xvi.,  OS. 

'Rosenthal:   C.  r.  Ac.  Sc,  1867,  '  Newbecker:    J.    Am.    M.    Ass., 

Ixiv.,  1142.    Falk:  Vrtljsehr.  f.  ger.  1904,  xlii.,  310. 

Med.,  1874,  n.  F.,  xxi.,  12.     Vogel:  ^  De  Domenicis:  Poliolin.,  Roma, 

Ztschr.  f.   Biol.,    1895,   n.  F.,   xiv.,  1902-3,     ix-x.,     Sez.     prat.,     1826; 

308.     Turner:     Va.      Med.      Semi-  Vrtljsehr.  f.  ger.  Med.,   1904.  3  F., 

Mthly.,  1898-9,  iii.,  25.     Molitoris:  xxviii.,  284. 

vrtljsehr.  f.  ger.  Med.,   1906,  3  F.,  « In  none  of  the  cases  included  m 

xxxi.,    322;    Verh.    d.    Ges.    deut.  the  tables  A  and  B  is  the  amount 

of  the  dose  taken  known. 
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Table  A. — Strychnin  in  Stomach. 


Number  .... 

1 

2 

3 

4 

5,  5a 

6 

7 

8 

9 

10 

Death  in. . . . 

sud- 
den 

few 
min. 

few 
min. 

soon 

soon 

soon 

10  m. 

ihr. 

ihr.. 

ihr. 

Mgm. 

strychnin 
in  stomach 

32 

32 

56 

31.3 

5.9 

31.5 

409 

192 

960 

Number  .... 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Death  in.  .  .  . 

Jhr. 

fhr. 

fhr. 

55 
min. 

1  hr. 

1  hr. 

1  hr. 

Ihr. 

li 
hrs. 

hrs. 

Mgm. 

strychnin 
in  stomach 

trace 

70 

11.6 

0.1 

trace 

20 

8 

9.6 

141 

21 

Number  .... 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Death  in. . . . 

2  hrs. 

2i 
hrs. 

3  hrs. 

3i 
hrs. 

few  . 
hrs. 

few 
hrs. 

hrs. 

7  hrs. 

12 
hrs. 

18 
hrs. 

Mgm. 

strychnin 
in  stomach 

43 

142.7 

78 

191.6 

250 

101 

102 

5 

trace 

710 

contained  over  25  times  as  much  as  in  No.  7,  that  of  shortest 
specific  duration.  The  amount  remaining  in  the  stomach  in 
No.  10,  if  accurately  calculated,  is  the  largest  amount  which  we 
know  of  having  been  found  in  the  stomach.  It  is  the  case  of  a 
woman  suicide  who  was  left  alone  at  4.30  p.m.  and  found  dead  at 
6  P.M.,  having  apparently  been  dead  forty-five  minutes.  Three 
grains  of  pure  strychnin  were  separated  from  \  of  the  stomach 


1.  Caughlin  and  Benn:  Pacific  M. 
and  S.  J.,  1869-70,  n.  s.,  iii.,  537. 
2.  Lancet,  1896,  ii.,  823.  3.  Mac- 
Lagan:  Ph.  J.  and  Tr.,  1874-5,  3  s., 
v.,  757.  4,  5.  Maschlia:  Vrtljschr. 
f.  prak.  Hll;;.,  1867,  xcvi.,  19.  Man 
and  2  children,  4  and  6  yrs.  6. 
Witthaus:  unpublished.  9.  Blyth: 
Ph.  J.  and  Tr.,  1862-3,  n.  s.,  iv., 
90.  10.  Hazel:  Lancet,  1857,  ii., 
361.  13.  Bartlett:  Boston  M.  and 
S.  J.,  1897,  cxxxvi.,  570.  14. 
Marston  (Blunt):  Lancet,  1886,  ii., 
442.  17.  Nessel;  Arch.  f.  krim. 
Anthrop.,  1900,  iv.,  148.     20.  Fegen: 


Lancet,  1889,  ii.,  951.  21.  Com- 
municated  by  Dr.  S.  Kennedy, 
Shelbyville,  Mich.  23.  Mann:  Med. 
Chron.,  1889-90,  x.,  113.  24.  Casper 
(Sonnenschein) :  Vrtljschr.  f.  ger. 
Med.,  1864,  n.  F.,  i.,  1.  25.  Gamier: 
Ann.  d'hyg.,  1890,  3  s.,  xxiv.,  501. 
26.  Kratter:  Vrtljschr.  f.  ger.  Med., 
1907,  3  F.,  xxxui.,  Spth.,  130.  30. 
Tardieu  and  Roussin:  "Empois.," 
2^meed.,  1173.  Nos.  7,8, 11, 12, 15, 
16,  18,  19,  22,  27,  28,  29  are,  respec- 
tively, Nos.  1,  2,  3,  4,  6,  7,  8,  11, 
13,  15,  17,  18,  Table  B,  p.  1037. 
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contents  by  Rodgers  and  Girdwood's  method.  Was  the  i  fairly- 
sampled?  Case  No.  8,  in  which  6 .  39  gr.  =  0 .  409  gm.  were  found 
is  not  open  to  this  question.  Littlejohn  and  Drinkwater'  report 
a  singular  analytical  result  in  the  case  of  a  woman  of  thirty 
years  who  died  in  thirty-five  minutes  from  the  effects  of  1 
grain  in  which  strychnin  was  found  (qualitatively)  in  the  blood 
and  stomach  tissue,  but  not  in  the  stomach  contents  or  liver, 
while  in  another  case  of  a  woman  of  fifty-six  years  who  died  in 
one  and  one-half  hours,  probably  from  an  equal  dose,  they 
obtained  affirmative  results  with  the  brain,  blood,  stomach, 
stomach  contents,  intestine,  kidney  and  liver. 

Even  assuming  the  strict  accuracy  of  quantitative  deter- 
minations of  absorbed  strychnin,  some  at  least  of  which  are 
questionable,  we  can  obtain  little  information  of  forensic  interest 
from  such  determinations  as  have  been  published,  and  which 
are  set  forth  in  table  B.     The  approximation  of  the  proportions 

Table  B. — Strychnin  in  Organs. 


i 

1 

Death 
in 

Au- 
topsy 
after 
death 

Stomach  Intestine 

and            ;ind            Liver 
contents    contents 

Kidney 

Blood 

1 

2 
3 
4 

F 

40 

10  min  ■     -Id. 

3I.5-710' 

tr.       1     tr. 

tr.  spleen. 

F 

ad. 

ihr.  1 

409-           

whole. 

25. « 

—  ? 

.M 

30-    i  hr.  ;  29  d. 

3.5  1              : 

tr.-173     !     none 

i 

none 

F 

22 

ihr. 

29  d. 

70.0-570 

tr.-975 

8.0-1160 
0.79 

1.8-245 
0.74 

9.6-130 
7.4 

Spleen,  6.4- 
220=2.9%. 

Lungs,  2.0- 
560=0.36%. 

Heart,     tr.-160. 

Brain,  5.2- 
1100  =  0.48%. 

I 

7 

Ihr. 

3d. 

5.0-638 
0.79 

tr.-90 

i' 

43. C 

-795 

Spleen,  tr.-37. 

6  F 

25 

Ihr. 

329  d. 

tr.-80 

none 
-556 

tr.  400 

M 
F 

M 

45 
aT 

34 

Ihr. 

3d. 

20.0-447 
+  brain. 

. 

tr. 

7 

+  s 

Dleen,  tr.- 

185 

Urine,  none. 

8 

Ihr. 

9.6- 
whole 

tr.-? 

14.7- 
part 

U  hra. 

4d. 

9 

tr.-llO 

-1-  spleen  and  heart,  tr.-230 

_ 

'Edinb.  M.  J.,  1907,  n.  s.,  xxii.,  112. 
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Table  B. — Strychnin  in  Organs. — Continued. 
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a  ,  Death 
<         in 

Au- 
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after 
death 

Stomach 

and 
contents 

Intestine 

and 
contents 

Liver 

Kidney 

Blood 

49    li  hra.j  3  d. 

10 

M 

tr.-281 

-t- spleen  and  heart,   tr.-251 

11 

F 

24 

li  hrs. 

2d. 

141.0- 
580 

17.0-757 

12.0- 
1810 
0.67 

tr.-270 

1.0-235 
0.43 

Spleen,  tr.-260. 
Brain,  1.9-1420 

=0.14%. 
Heart,    lungs, 

urine,  tr. 

12 

F 

23 

U  hrs. 

44  hrs. 

2 . 7-524 

1.2-1488 

8.7-1156 
0.7 

3.8-265 
1.4 

1.4-100 
1.4 

Thoracic  organs, 

8. 4-1209 » 
^      0.6%. 
Bram,  1 . 8-1390 
=  0.1%. 

13 
14 

F 

18    !'P!J-  tirs. 

142.7-   i 

whole    j 

14.7- 
whole 

M 

40 

3-4 
hrs. 

1  d. 

tr.-160  ■. 

+  spleen  and  heart 
none-60 

V 

ad.    .'^*  hrs. 

102- 

1.28-? 

4.5-75 
6.0 

whole 

mgm. 
Urine,  45  m.  bef. 
death,  5 . 3  mgm. 

16 
17 
18 

19 

20 

21 

22 

M 

.50 

7  hrs. 

3  d. 

Tr.  from 
spleen,  k 

tr.-1274 

mixture 
idneys,  b 

470  gm.  1 
lood,  hea 

iver, 
rt. 

M 

ad. 

7  hrs. 

1  d. 

5.0- 
whole 

1.7-320 
0.52 

2.2-394 
0.56 

il 

30 

12  hrs. 

5d. 

tr.-740 

Tr.  from 
spleen,  k 

mixture 
idneys,  b 

600  gm.  1  iver,     Urine, 
lood,  hea  rt.        tr.-255. 

11 

30- 
3.5 

? 

Sd. 

Bram,  tr.-620. 
Urine, 
none-487. 

880-623 

1 

+  spleen  and  heart 
52.0-568 
9.2 

1                  1 

F 

33 

? 

4d. 

84.0-845 

31.2-940 

71.4- 
1500 
4.8 

48.0-180 
26.7 

tr.-106 

Heart,  tr.-290. 
Brain,  tr.-625. 
Urine,none-820. 

M 

lis 

fd.  d. 

3.8-242 

2.7-837 
0.32 

0.7-75 
0.93 

1  Brain,  0.7-16S0 

=  0.05%. 

M 

14 

id.  d. 

1.4- 
whole 

7.0-620 

3.0-665 
0.45 

5.0-90 
5.56 



in  the  liver  and  kidneys  in  No.  4  may  be  referable  to  post- 
mortem imbibition  during  the  twenty-nine  days  between  death 
and  autopsy,  but  the  same  cause   does  not  explain  the  large 

1893,  i.,  83.  8,  13— Hayes:  Amer. 
Chemist,  1875,  vi.,  202,  203.  12— 
Ipsen:  Vrtljschr.  f.  ger.  Med.,  1892,  3 
F.,  iv.,  23.  17 — Beringer:  Amer.  J. 
Pharm.,  1905,  Ixxvii.,  89.  21,  22— 
Marshall:  J.  Amer.  Med.  Ass.,  1904, 
vii.,  990.  The  arrangement  is  in 
order    of    survival. 


The  first  two  figures  show  mgm. 
in  gm.  of  tissue,  the  third  (lower) 
figure  mgm.  in  100  gm.  of  tissue. 
Nos.  1,  3-7,  9-11,  14,  16,  18-20— 
Lesser:  Vrtljschr.  f.  ger.  Med.,  1898, 
3  F.,  XV. ,_  268-277,  analyses— 1: 
Sonnenschein,  4,  11:  Fischer,  others 
Bischoff.     2,     15 — Harley:     Lancet, 
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proportions  in  the  spleen  and  blood,  with  the  existence  of  not 
a  large  quantity  in  the  stomach  and  mere  traces  in  the  in- 
testines, death  having  followed  the  ingestion  in  three-fourths 
hour.  It  is  to  be  regretted  that  nothing  is  known  of  the  cir- 
cumstances of  No.  20,  in  which  there  is  the  inexpHcable  con- 
dition of  4.8  mgm.  per  100  gm.  in  the  liver,  26.7  in  the  kidneys, 
with  notable  quantities  in  the  stomach  and  intestines,  there 
being  only  traces  in  the  blood  and  none  in  the  urine. 

The  maxima  found  in  the  various  organs  in  mgm.  per  100  gm. 
are  in  the  kidneys  (No.  20)  seven  determinations,  26.7  (0.41 
grain);  in  the  blood  (No.  4)  three  determinations,  7.4  (0.114 
grain);  in  the  liver  (No.  20),  twelve  determinations,  4.8  (0.074 
grain);  in  the  spleen  (No.  4)  one  determination,  2.9  (0.045 
grain);  and  in  the  brain  (No.  4),  four  determinations,  0.48 
(0.074  grain). 

Dragendorff  and  Masing,'  from  their  experiments  on  animals, 
concluded  that  the  liver  possesses  the  power  of  storing  up  the 
strychnin  carried  to  it  by  the  blood.  Ipsen,^  on  the  other  hand, 
contends  that  the  strychnin  extracted  from  the  liver  and  other 
solid  organs  simply  represents  that  which  is  in  the  blood  con- 
tained in  them,  and  that  the  liver  exerts  no  such  storing  action 
as  that  attributed  to  it  by  Dragendorff  and  others.  He  cites 
the  close  approximation  in  his  case  (No.  12)  of  the  amount  found 
in  the  Hver  to  that  in  a  nearly  equal  weight  of  thoracic  organs 
containing  about  an  equal  amount  of  blood,  and  also  notes  that 
the  proportion  in  the  blood  is  greater  than  in  any  other  organ 
except  the  kidney,  in  which  the  amount  in  the  urine  contained 
in  the  organ  is  added  to  that  in  the  blood.  If  his  view  be  correct 
the  proportion  found  in  the  blood  should  always  exceed  that 
found  in  any  soHd  organ  except  possibly  the  kidneys,  as  it  did 
in  his  case  and  also  in  No.  4.  But  in  No.  11  the  percentage  in 
the  liver  exceeds  that  in  the  blood,  while  in  No.  20  only  traces 
were  obtained  from  106  gm.  blood,  although  the  percentages 
in  liver  and  kidneys  are  the  maxima  of  the  table.  This  latter 
case  is,  however,  abnormal  in  other  respects.  The  large  percent- 
age found  in  the  spleen,  a  blood-rich  organ,  in  No.  4  tends  to 
support  Ipsen's  view,  but  in  the  same  case  the  low  percentage 
in  the  lungs  operates  in  the  reverse  direction.     If  an  extension 

1  'Piss., Dorpat,  1868.  "  Beitrage, "  ^  Vrtljschr.  f.  ger.  Med.,  1892,  3  F., 

"'2,  pp.  191-201.  iv.,  21. 


1040  TOXICOLOGY — WITTHAUS. 

of  Ipsen's  view,  i.e.,  that  all  the  strychnin  remaining  in  the  body 
at  death,  except  that  in  the  alimentary  canal  and  urine,  is  in 
the  blood,  we  would  have  a  ready  means  of  determining,  with 
more  or  less  accuracy,  the  entire  amount  in  the  body  from  the 
proportions  found  in  the  blood  or  liver,  as  the  total  weight  of 
blood  in  the  body  is  7.5  per  cent.'  of  the  body  weight,  and  about 
one-fourth  of  it  is  contained  in  the  liver.  But  it  is  difficult  to 
conceive  how  strychnin  could  produce  the  intense  action  that  it 
does  without  entering  into  some  form  of  combination  with  the 
cellular  elements. 

Method  of  Action. — The  most  distinctive  action  of  strychnin 
is  to  cause  increased  reflex  irritability  of  the  cord,  and  to  a  lesser 
degree  of  the  medulla  and  cerebrum.  With  large  doses  the 
slightest  intrinsic  stimulus  suffices  to  produce  "spontaneous" 
tetanic  spasms,  which  with  small  doses  follow  slight  external 
irritation  of  the  tactile  or  auditory  sense.  Whether  the  sensory 
neurones  in  the  cord^  or  the  motor^  are  primarily  affected  is 
not  determined.  In  either  event  the  action  is  produced  by 
direct  subdural  injection  as  well  as  when  the  poison  reaches  the 
seat  of  its  action  by  the  circulation.^  The  respiratory  center  is 
at  first  stimulated,  but  becomes  paralyzed  during  the  tetanic 
spasm.  The  cerebral  cortex  is  also  stimulated,^  and  the  tactile 
and  auditory  senses  become  more  acute.  The  visual  sense  is 
but  slightly  sharpened.'  Wade,'  however,  reports  the  case 
of  a  man  in  whom  vision  was  obscured.  The  peripheral  nerve 
terminations  are  only  indirectly  acted  upon  through  the  violent 
muscular  contractions.  The  stimulating  action  of  strychnin  is 
accompanied  from  the  beginning  by  a  paralyzing  and  anes- 
thetic action.  With  very  large  doses  a  single  powerful  spasm 
may  be  followed  by  general  nervous  and  respiratory  paralysis 
and  death.*     Direct  application  of  very  large  doses  to  the  cord 

'  Bischoff  found  it  to  be  7.1  and  ^  Unverricht  and  Berkholz :  Cblt. 

7.7  per  cent,  in  the  bodies  of  two  f.   inn,   Med.,    1895,  xvi.,  4;  Diss., 

executed    criminals    (Tigerstedt:  Dorpat,  1893. 

"Physiol.,"  Murlin's  Transl.,   1906,  "Dreser:  Arch.  f.  exp.  P.  u.  P., 

p.  148).  1894,  xxxiii.,  251. 

'  Verworn:  Arch.  f.  Anat.  u.Phys.,  '  Med.  Rec,  1897,  hi.,  205. 

Phys.  Abt.,  1900,  385.  «  Harnack:  Arch.  f.  exp.  P.  u.  P., 

'Filehne:  Pfiug.    Arch.,     1900-1,  1903,  xlix.,  157.     Richet:  Arch.  int. 

Ixxxiii.,  369.     Maurel;  C.  r.  Soc.  de  de     pharmacod.,     1898,     iv.,     293. 

biol.,  1902,  Hv.,  870.  Sano:  Pflug.    Arch.,    1908,    cxxiv., 

'Martin:  Aerztl.  Sachverst.  Ztg.,  381. 
1905,  xi.,  127. 
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is  followed  by  three  or  four  very  strong  tetanic  convulsions, 
and  then  by  complete  loss  of  irritability;'  and  paralysis  of  the 
sympathetic  is  similarly  produced.^  Strychnin  causes  contrac- 
tions of  the  uterus  as  well  as  of  voluntarj^  muscles.^  Through 
its  action  upon  the  nervous  system  and  the  intense  muscular 
activity  which  it  provokes  strychnin  causes  an  increase  of  heat- 
production  and  also  of  heat-radiation.  The  balance  may  be 
such  that  the  body  temperature  is  slightly  raised,  normal  or 
slightly  subnormal.*  The  muscular  activity  also  causes  rapid 
disappearance  of  muscle  glycogen,  and  when  death  does  not 
occur  early,  of  liver  glycogen  as  well.^  The  blood  pressure  is  at . 
first  slightly  raised,  with  a  further  sudden  rise  as  the  spasm 
occurs,  which  is  of  short  duration,  and  followed  by  a  notable 
fall,  sometimes  with  oscillations."  Large  doses  cause  diminished 
frequency  of  cardiac  action,  and  very  large  doses  diastolic 
arrest,  the  action  being  upon  the  intrinsic  innervation  of 
the  heart  and  not  through  the  central  nervous  system.'  In 
prolonged  cases  in  the  human  subject  death  results  from  heart 
failure.* 

■  Symptoms. — The  bitter  and  somewhat  hot  taste  of  strychnin 
may  be  observed  at  the  time  of  swallowing  the  poison.  It  has 
been  observed,  however,  that  the  taste  of  this  intensely  bitter 
substance  is  sometimes  not  perceived  until  some  little  time 
after  it  has  been  taken.*  A  man  affected  with  loss  of  function 
of  the  gustatory  nerves  has  been  known  to  unconsciously  chew 
tobacco  containing  sufficient  strychnin  to  produce  poisonous 
effects.'" 

The  symptoms  proper,  particularly  when  large  doses  have 
been  taken,  usually  make  their  appearance  promptly;  sometimes 


'Biberfeld:  Pflug.  Arch.,  1900-1,  '^Zuccola:  Gazz.    d.    osp.,     1907, 

Ixxxiii.,  397.  xxviii.,  409. 

'Forli:  Cntbl.  ,f.  Physiol.,    1907,  .       ^Kionka:  Loc.    cit.     Meier:    Arb. 

XXI.,  269.  a.  d.  path.  Inst.  z.  Berhn,  Feier  J. 

'Rohrig:   Virch.    Arch.,     1879,  Orth,  1906,  544. 

Ixxvi.,  19.     See  also  p.  1048.  '  Igersheimer:  Arch.  f.  exp.  P.  u. 

*Harnack  and  Meyer:  Ztschr.  f.  P.,  1905,  liv.,  73.     Kakowski:  Arch, 

kl.  Med.,  1893,  xxiv.,  374.     Harnack  int.  de  pharmacod.,  1905,  xv.,  86. 

and  Hochheim:  76id.,    1894,    xxv.,  «Wyrich:St.      Petersb.      med. 

46.    Kionka:  Arch.    int.    de    phar-  Ztschr.,  1869,  xvi.,  135. 

macod.,  1898-9,  v.,  111.     Harnack:  '  "See  Bennett:  Austral.  M.  Gaz., 

^blt.  f.  Physiol.,  1898,  xii.,  621;  Arch.  1883-84,   iii.,  209. 

'•exp.P.  U.P.,  1903,  xlix.,  157.  "  Kersch:  Richm.  and  Louisv.  M. 

J.,  1871,  xi.,  502. 
IV.-66 
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in  five  minutes  or  less  after  the  poison  has  reached  the  stomach,' 
more  usually  in  about  ten  or  fifteen  minutes.  But  cases  are 
not  wanting  in  which  the  appearance  of  the  symptoms  has  been 
delayed.  In  several  instances  the  effects  of  strychnin,  swallowed 
alone,  have  not  appeared  for  from  one  to  two  hours.-  A  man 
took  5  grains  (0.32  gm.)  of  strychnin  by  mistake,  immediately 
retired,  went  to  sleep,  and  awoke  in  two  hours,  feehng  "as  if 
something  unusual  was  going  to  happen."  Shortly  he  was  in 
a  violent  tetanic  spasm. ^  A  suicide  also  slept  for  two  hours 
after  having  taken  5  grains  (0.32  gm.)  in  brandy  and  awoke 
in  a  convulsion.^  A  man  took  3}  grains  of  strychnin  in  mistake 
for  morphin.  No  effects  were  observed  for  two  and  a  half  hours 
when  he  fell  suddenly  backward,  but  walked  home,  feeling  better, 
and  in  five  hours  repeated  the  dose.  In  ten  minutes  there- 
after he  had  a  violent  tetanic  seizure.'  A  boy  of  twelve  years 
swallowed  a  hard  pill,  three  months  old,  containing  3  gr.  of 
strychnin.  Spasms  only  appeared  in  three  hours,  and  he  died 
ten  minutes  later. ^  A  man,  while  drunk,  swallowed  0.25  gm. 
(3.9  gr.)  of  strychnium  nitrate.  Spasms  only  appeared  three  hours 
later.'  A  railway  employee  swallowed  several  c'gm.  of  strych- 
nin in  butter.     Beyond  a  feeling  of  stiffness  in  the  limbs  and 

'  Thirty-nine   cases   are   reported  R.   Ogilvie:  Med.  Times  and  Gaz., 

in  which  the  interval  has  been  ten  1858,  xvii.,  443,  M.,   21,  S.,  4  gr., 

minutes  or  less.     In  24  of  these  the  spasms    in    1    hr.,    D.   in  70  min. 

time  is  vaguely  stated  as   "imme-  Wade:   Med.   Rec,    1897,    lii.,    205, 

diately,"     "soon,"     few     minutes,"  M.,    40,    S.,    1   gr.   in   whisky,   laid 

etc.     In   7   it  was  from  fi^-e  to  ten  down,     no     strychnic     effects    for 

minutes;  and  in  8  five  minutes  or  less:  1  hr.,  R.     Cooke:  Lancet,  1890, 

Allen:   Boston  il.  and  S.  J.,   1847,  ii.,  972,  M.,  52,  S.,  no  spasm  for  li 

xxxvi.,    209,    Dr.    Warner,    M.,    39,  hrs.,  R.     Thomas:  Cincin.  Lane,  and 

A.,   D.  in  14  min.     Taylor:  "Pois.  Observ.,    1860,   n.   s.,   iii.,   577,  M., 

by    Strych."     1856,     2     cases,     R.  24,  S.,  5  gr.  with  whisky,  first 

Barker:  Am.  J.  M.  Sc,  1864,  n.  s.,  spasm  in  Ij  hrs.,  R.     Davis:  Cincin. 

xlviii.,  399,  F.  ad.,  H.,  D.  in  40  min.  M.  and  D.  J.,  1886-7,  ii.,  65,  M.,  30,  A., 

Lancet,    1873,   ii.,   533,    M.,   37,   A.,  medicinal,  first  spasm  2  hrs.  after  last 

D.inlhr.     Morton:  Lancet,  1881,  i.,  dose,  R.    Cameron:  Med.  Times  and 

578,  F.,  ad.,  R.     Fegen:  76id.,  1889,  Gaz.,     1869,    ii.,    491,    F.,    17,    S., 

ii.,  951,  M.  ad.,  D.  in  1-1  hrs.     Sur-  J  gr.,  first  spasm  in  2  hrs.,  R. 
badhikary:    Indian    M.   Gaz.,    1894,  ^  Hewlett:  New  York  M.  J.,  1871, 

xxix.,  270,  F.  19,  S..  R.  xiii.,  297. 

^Seargent:    Louisville    M.    Xews,  ■'Dodge:  Pac.  M.  and  S.  J.,  1860, 

1883,  XV.,  225,  M.,  28,  S.,  20  gr.,  con-  iii.,  189. 

vulsions  in  1  hr.,   R.     Adams:   Med.  ^  Anderson:    Mthly.     J.     M.    Sc, 

Times  and   Gaz.,    1856,   n.   s.,   xiii.,  1848,  viii.,  566. 
165,  M.,  (i"),  S.,  no  uneasiness;  for  1  "  Harley:  Lancet,  1861,  ii.,  480. 

hr.,  D.  in  4-5  hrs.     Gray:  Brit.  M.  '  "^'riidag:  Nederl.  Weekbl.,  1900, 

J.,  1880,  i.,  476,  M.,  34,  S.,  20  gr.  in  ii.,  628] 
whisky,  sick  and  vomited  in  1  hr.. 
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slight  muscular  contractions,  he  suffered  no  strychnic  effects 
until  five  hours  later,  when  the  characteristic  symptoms  ap- 
peared.' When  strychnin  and  an  opiate  are  taken  together  the 
strychnic  action  is  delayed  and  may  be  modified  in  character.^ 
If  the  person  be  already  under  the  influence  of  morphin  the 
symptoms  are  also  delayed.^  The  effects  of  morphin  have 
frequently  been  added  to  those  of  strychnin  when  the  former 
alkaloid  has  been  administered  to  counteract  the  action  of  the 
latter.  But  Tschepke*  reports  a  singular  suicidal  case  in  which 
the  desire  to  assure  death  by  a  drug  clerk  operated  in  the  line 
of  treatment.  A  young  man  took  1.3  gm.  (19  gr.)  strychnium 
nitrate  in  two  doses,  partly  dissolved  in  30  c.c.  Aq.  Amygd.  amar. 
Feeling  no  effects  in  half  an  hour,  he  took  0.62  gm.  (9.6  gr.) 
morphium  acetate,  and  ten  minutes  later  scattered  a  quantity  of 
chloroform  upon  a  pillow  upon  which  he  laid  his  head.  He 
experienced  no  strychnin  effects  for  two  and  one-half  hours  after 
the  first  dose,  when  the  characteristic  symptoms  were  manifested, 
accompanied  by  vomiting.  He  recovered.  In  Preitner's  homi- 
cidal case^  morphin  to  the  extent  of  2§  grains  were  adminis- 
tered in  the  treatment  of  a  strychnin  poisoning,  and  it  became 
a  question  which  alkaloid  was  the  cause  of  death. 

If  the  dose  be  relatively  small,  yet  sufficient  to  cause  death, 
there  is  frequently  an  initiatory  stage  of  nervous  exaltation 
without  any  violent  symptoms,  whose  duration  varies  inversely 
with  the  magnitude  of  the  dose  and  the  rapidity  of  absorption.* 
The  tactile  and  auditory  senses  are  much  more  acute  than  nor- 
mally, the  mental  functions  are  active,  the  patient  is  restless 
and  experiences  a  sensation  of  itching.'  But  with  large  doses 
the  onset  is  frequently  very  sudden.  A  pronounced  example 
of  the  suddenness  of  the  attack  is  in  a  case  cited  by  Wormley^ 
of  a  woman  who  while  about  her  ordinary  work  suddenly  ex- 
claimed "Oh!"  and  quickly  fell,  saying  her  feet  had  given  out. 

'Honigmann:  Deut.  med.  Wchn-  Gaz.,    1895.,   xxiii.,    194)    reports  a 

schr.,  1889,  XV.,  435.  non-fatal   poisoning   from   }    gr.   in 

^  See  cases  cited  on  p.  1048.  which  the  period  of  exhilaration  per- 

Stewart:   Mthly.     Stethoscope,  sisted  for  an  hour, 
etc.   1856,  i.,  787.     Givens:  Am.  J.  '  Tscheplce  (loc.  cit.)    in   his   case 

^-  &o.,   1857,    n.    s.,    xxxiii.,     63.  of    compound    strychnin    and    mor- 

wpeland:  Bost.  M.  and  S.  J.,  1873,  phin  poisoning  ascribes  the  itching 

ixxxix.,  450.  and  scratching  to  the  action  of  mor- 

Deut.  Klin.,  1861,  xiii.,  99.  phin. 

Uiss.,  Wurzburg,  1870.  ^  « ]y[;(,ro-Chemistry   of   Poisons, 

Willdnson  (Med,  Times  and  Hosp.  2d  ed.,  545  (Gray). 
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Violent  tetanic  spasms  followed.  Or  with  excessive  doses  death 
has  been  known  to  occur  almost  immediately,  with  no  tetanic 
convulsions,  from  sudden  general  paralysis,  as  in  one  of  Wolff's 
cases^  in  which  a  man  was  found  seated  on  a  bench,  who,  as  the 
watchman  approached  him,  fell  backward  with  a  rattle  in  his 
throat  and  was  dead.  The  sensation  of  the  onset  of  the  spasm 
has  been  described  as  a  peculiar  feeling  beginning  at  a  point 
about  two  and  a  half  inches  above  and  behind  the  eye,  passing 
rapidly  backward  through  the  brain  and  down  the  back  and 
legs,  to  the  toes,  resembling  an  electrical  discharge. - 

Soon  twitchings  of  individual  groups  of  muscles  occur,  fol- 
lowed by  violent  tetanic  convulsions.  During  the  spasms  there 
is  marked  opisthotonus.  Every  muscle  is  in  rigid  contraction. 
The  head  is  thrown  sharply  back,  the  body  bent  backward, 
resting  (on  a  flat  surface)  on  the  balls  of  the  heels  and  the  occi- 
put, the  abdominal  and  the  thoracic  muscles  are  firmly  con- 
tracted, the  lower  extremities  rigid,  sometimes  pressed  closely 
together,  in  other  cases  widely  separated,  and  the  soles  of  the 
feet  bent  inward  and  strongly  arched.  The  arms  are  strongly 
flexed  over  the  chest,  or  as  rigidly  extended  along  the  sides.  Or 
both  legs  and  hands  are  spread  out  to  their  widest  limits.^  The 
lower  jaw  closes  with  a  snap  and  remains  firmly  clenched;  the 
eyeballs  protrude;  the  pupils  are  widely  dilated;  the  lips  and 
even  the  entire  face  are  cyanqsed;  the  mouth  is  covered  with 
froth,  frequently  bloody  from  the  tongue  being  caught  between 
the  teeth  (speech  is  sometimes  impeded  by  injury  to  the  tongue 
in  this  manner);  the  neck  is  swollen,  and  the  expression  of  the 
countenance  is  hideously  distorted  (risus  sardonicus).  Occa- 
sionally opisthotonus  is  replaced  by  emprosthotonus,*  or  by 
pleurosthotonus;^  and  in  a  fatal  poisoning  by  repeated  doses  of 
hquor  strychnise  in  which  death  occurred  in  ten  minutes  after  the 
last  dose  of  J  grain,  there  was  alternation  of  the  three  positions." 
In  a  woman  who  poisoned  herself  with  5  grains  of  strychnin  the 

'  Op.  cit.  d.  Aerzte  in  Steiermark,  1S71-2,  ix., 

^Mead:  National    M.    J.,    Wash.,  62.      Blumenhardt:    Med.  Corr.-BI. 

D.  C,  1870-71,   i.,   406.     See   also:  d.    Wilrt.    A.-Ver.,    1837,    vii.,    1. 

Sendal:  Lancet,  1896,  i.,  887.  White:    Glasgow  M.   J.,    1870-1,  n. 

'Claiborne:  Virginia  M.  J.,  1S57,  s.,  iii.,  4SS. 

ix.,  460.     Copeland:  Boston  M.  and  'The    body    bent    to    one    side. 

S.  J.,  1873,  Ixxxix.,  450.  Faucan:  Arch.  gto.  de  m^d.,  1883, 

*  The   body   bent   forward.     Wil-  i.,  74. 

son:  M.  and  S.  Reptr.,  Phila.,  1880,  '^  Hunter:  M.    Times    and    Gaz., 

xhn.,  415.     Glax:  Sitz.-Ber.  d.  Ver.  1867,  ii.,  5. 
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muscles  of  the  lower  jaw  were  not  affected. '  In  Claiborne's  case, 
above  referred  to,  in  place  of  the  usual  condition  of  trismus, 
the  mouth  gaped  wide  open  as  if  the  jaws  were  kept  asunder 
by  a  gag.^ 

The  spasm  gradually  passes  off,  the  muscles  relax,  the  eyes 
and  pupils  become  normal,  and  respiration  is  resumed.  The 
patient  speaks,  usually  calls  for  air,  desires  to  be  held,  is  per- 
fectly conscious  (unless  unconscious  from  the  action  of  reme- 
dies), and  is  in  dread  of  impending  death.  Indeed  conscious- 
ness and  intellectual  activity  do  not  seem  to  be  impaired  even 
during  the  spasms,  which  are  attended  with  severe  pain,  causing 
the  patient  to  cry  out  or  scream.  The  patient  suffers  from 
thirst,  but  an  attempt  to  drink  is  liable  to  provoke  a  spasm. 

After  the  first  convulsion  others,  similar  in  character,  occur, 
either  spontaneously  or  in  consequence  of  any,  even  very  slight, 
unexpected  excitation.  An  attempt  to  move  the  patient,  a 
shght  jarring  of  the  floor  or  bed,  a  sudden  noise,  a  slight  draught 
of  air,  or  even  a  flash  of  light,  is  sufficient  to  provoke  a  spasm 
it  the  patient  do  not  expect  it.  On  the  other  hand,  much  more 
active  excitation  fails  to  call  forth  a  spasm  if  the  patient  be  not 
taken  unawares;  and  he  frequently  asks  to  be  rubbed,  held 
down,  or  moved.  When  the  spasm  recurs  spontaneously,  the 
patient  usually  announces  its  coming  some  seconds  in  advance, 
and  asks  to  be  held.  The  number  of  spasms  usually  varies 
from  three  to  ten;  though  death  may  occur  during  the  first 
spasm,  or  in  prolonged  cases,  whether  fatal  or  non-fatal,  this 
number  may  be  greatly  exceeded.^  The  duration  of  the  spasm 
varies  from  half  a  minute  to  as  long  as  fifteen  minutes.  In 
Fauean's  case  some  of  the  spasms  are  said  to  have  lasted  as 
long  as  an  hour  and  a  quarter.''  In  fatal  cases  death  most  fre- 
quently occurs  during  the  fourth  or  fifth  tetanic  seizure.  The 
intervals  vary  in  duration  from  forty-five  seconds  to  an  hour,  or 
even  to  one  and  a  half  hours;  usually  from  five  to  fifteen  min- 
utes. In  cases  terminating  in  recovery  the  interval  between 
the  spasms  increases  in  length,  and  the  convulsions  become  less 
active  and  shorter  in  duration,  and  finally  cease,  leaving  the 

'  McWiUiams:  Chicago  M.  Exam.,  e^n.    de    m^d.,    1883,    i.,    74,    153. 

1866,  vii.,  726.  Leffingwell:  Phila.    M.  J.,  1898,  ii., 

'Loc.cit.  183. 
^'Surbadhikary:    Ind.     M.     Gaz.,  ^  hoc.  cit. 

1894,   xxix.,    270.     Faucan:    Arch. 
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patient  in  a  condition  of  great  muscular  fatigue  and  with  in- 
creased reflex  irritability.  In  fatal  cases  death  results  from  one 
of  two  causes.  In  some  cases  death  is  due  to  asphyxia,  caused 
by  fixation  of  the  muscles  of  respiration  during  a  protracted 
spasm;  in  others  it  is  due  to  exhaustion,  and  occurs  during  the 
non-tetanic  period.  Exceptionally  death  may  result  indirectly 
from  cerebral  hemorrhage^  or  by  accumulation  of  froth  in  the 
air  passages.^  Usually  the  body  remains  rigid  when  death 
occurs  during  a  spasm,  but  it  has  been  known  to  relax  at  the 
instant  of  death.  ^ 

The  symptoms  produced  by  bmcin  are  the  same  in  kind 
as  those  caused  by  strychnin,  but  much  larger  quantities  of 
the  former  alkaloid  are  required  to  produce  the  same  degree  of 
action.*  Sozinskey^  has  reported  a  non-fatal  poisoning  by  this 
alkaloid. 

Among  unusual  occurrences  not  referred  to  above  the  follow- 
ing may  be  noted :  Consciousness  is  usually  perfect  throughout, 
but  periods  of  unconsciousness  have  been  known  to  occur  apart 
from  that  produced  by  treatment.*  The  pupils  are  usually  di- 
lated during  the  spasms,  and  normal  or  even  contracted  during 
the  periods  of  relaxation.  Two  instances  of  unequal  dilatation 
of  the  two  pupils  have  been  reported,'  in  the  most  recent  of 
which  the  inequality  alternated. 

The  spasms  are  usually  distinctly  tonic  in  character,  and 
the  relaxation  complete  or  almost  so  during  the  intervals.  In 
some  instances  the  spasms  have  been  clonic  at  their  beginning, 
afterward  becoming  tonic  in  character.^  In  one  case  of  un-. 
questionable  strychnin  poisoning  the  spasms  were  clonic  in 
character,  following  each  other  at  intervals  of  a  few  seconds, 

1  Booth:  Med.  Times  and  Gaz.,  Lancet,  1893,  i.,  1513.  Durian: 
1856,  xiii.,  35.  Glax:  Sitzber.  Ver.  Ann.  d'hyg.,  1862,  2  s.,  xvii.,  428. 
Aerzte  in  Steiermark,  1871-2,  ix.,  Brown:  Brit.  M.  J.,  18S6,  ii.,  1030. 
62.  Berry:  PhUa.    M.    Reg.,    1887,    i., 

2  Betz:  Memorabil.,  1882,  n.  F.,  566.  Elmore:  Texas  Med.  Practit., 
ii.,  321.  1897-8,    x.,    58.     Thompson:  Brit. 

^  Henry:  Austral.  M.  Gaz.,  1893,  M.    J.,    1867,    ii.,   250.     Glax:  hoc. 

xii.,  73.  cil. 

"Folk:  Vrtljschr.f.ger.  Med.,  1875,  'Rowbotham:  M. Times  and  Gaz., 

n.    F.,    xxiii.,    78.     Reichert:  Med.  1879,     i.,     591.     Ott:  Med.    News, 

News,  1893,  Ixii.,  369.  Phila.,  1894,  Ixv.,  270. 

^  M.  and  S.  Reptr.,   1882,  xlvii.,  *  Alverson:  M.     and    S.    Reptr., 

194.  Phila.,    1880,    xliv.,    416.     Faucan: 

» Parker:  Med.-leg.     J.,     N.     Y.,  Loc.  eit. 
1884-85,       ii.,       375.       Pilkington: 
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and  lasting  from  two  to  three  minutes,  with  no  complete  mus- 
cular relaxation,  even  during  the  intervals.'  Epigastric  pain, 
or  a  burning  sensation  in  the  stomach,  is  sometimes  complained 
of.^  In  one  instance  there  was  retention  of  urine,  and  90 
ounces  (2,660  c.c.)  were  drawn  off  with  the  catheter.'  In 
another  retention  was  unrelieved  for  twelve  hours.*  In  two 
others  retention  was  attended  with  haematuria.^ 

Although  it  is  generally  stated  that  vomiting  rarely  occurs 
spontaneously  in  pure  strychnin  poisoning,  and  several  cases  have 
been  reported  in  which  emetics  have  not  acted  or  have  done 
so  imperfectly;^  in  quite  a  number  of  cases  vomiting  has  occurred 
early  and  without  the  action  of  an  emetic'  In  Weyrich's  case*  of 
forty-five  hours'  duration  the  patient  vomited  copiously  early  and 
late,  and  Holland^  has  reported  an  instance  in  which  the  persist- 
ent vomiting  was  the  chief  difficulty  in  handling  the  case.  In 
both  of  these,  however,  chloroform  was  administered  by 
inhalation. 

A  man  who  recovered  from  the  effects  of  0.019  gm.  (I  gr.) 
of  strychnium  arsenate  taken  in  mistake  for  caffein,  experi- 
enced frightful  hallucinations  of  sight  and  hearing  on  the  follow- 
ing day.'" 

'  Surbadhikarry:  Loc.  cit.  Rec,  1867-8,  ii.,  22,  after  chloroform. 

'Marston:  Lancet,   1886,  ii.,  442  Emmert:  "Lehrb.    d.    ger.    Med.," 

(Case     I.).     McWilliams:    Loc.   cit.  1900,       352.      Pilkington:     Lancet, 

Lejeune:  Gaz.  d.  Ii6p.,  1891,  Ixiv.,  1893,    i.,    1513.     Harley:   lUd.,   83. 

972.  Green:   Birmingham  M.  Rev.,  1873, 

'Charteris:  Lancet,  1875,  i.,  510.  ii.,  139.     Gray:  Brit.  M.  J.,  1880,  i., 

'Pitini:  Med.  ital.,  1905,  iii.,  281.  476.     McWilliams:   Chicago   M. 

'Honigmann:  Deut.  med.  Wchn-  Exam.,  1866,  vii.,  726.   Lyster:Lan- 

schr.,     1889,     xxv.,     435.     Habel:  cet,  1889,  ii.,  643.    Conner:  Ohio  M. 

Munch,    med.     Wchnschr.,    1898,  Rcrdr.,   1879,   iv.,    12.     In  Tardieu 

xlv.,  7.  and    Roussin's    case    (Ann.    d'hyg., 

"Charteris:  Loc.  cit.   Faucan:  Loc.  1870,  2  s.,  xxxiv.,  128)  the  patient 

<xl.    Smith:     Chicago     M.     J.     and  was  drunk. 

Exam.,  1879,  xxxix.,  280.  Prinz-  «  St.  Pet.  med.  Ztschr.,  1869,  xvi., 
ing;  Med.    Cor.-BI.    d.    Wurt.    A.-..  135. 

ver.,    1889,    lix.,     235.     Aufrecht:  'Louisville   M.    News,    1878,   vi., 

Deut.  med.   Wchnschr.,    1877,   iii.,  76,    vomiting   began   in   one  and  a 

453,   only    after    10    hours.     Part:  half  hours. 

Lancet,    1861,    i.,    309,    only    late.  '°  Bock:  J.    de    chir.,    ph.,    etc., 

Marston:  Ibid.,    1886,  ii.,  442,  only  Bruxelles,    1893,    xcv.,    97.     Other 

^"ghtly.  instances  of  sequels  following  strych- 

Bivine:  Phila.   M.  Times,   1875,  nin     poisoning     are     reported      by 

y-.    721.     Schmidt:   Memorabil.,  Thompson:  Brit.    M.    J.,    1867,    ii., 

1873,    xviii.,     30.     Burdach:  Med.  250.  Terrien:  Progrls  med.,  1900,  3 

%•,     1837,     115.     Glax:  Loc.    cit.  s.,    xii.,    177.     Darabseth:   Lancet, 

Nickel:  Vrtljschr.  f.  ger.  Med.,  1906,  1897,  i.,  876. 
^  ^:,   xxxi.,    90.     Hamilton:  Med. 
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Falconer'  reports  a  death  from  chronic  strychnin  poisoning; 
that  of  a  woman  of  thirty-five  years  who  had  been  taking  -j'^  grain 
tablets  four  times  a  day  for  eight  months,  and  who  died  in 
convulsions. 

A  pregnant  woman  who  recovered  from  the  effects  of  0 . 1 
gm.  (Ij  grains)  aborted.^  Another  woman  who  in  her  fifth 
month  of  pregnancy  attempted  suicide  with  Battle's  Vermin- 
Killer  recovered  and  did  not  abort. ^  In  a  homicidal  case  a 
woman,  three  months  pregnant,  did  not  abort,  probably  because 
of  the  rapidly  fatal  termination  of  the  case,  in  fifteen  to  thirty 
minutes.* 

When  strychnin  and  an  opiate  have  been  taken  together  the 
action  of  one  poison  or  the  other  has  greatly  predominated  in 
some  cases,  while  in  others  there  has  been  an  alternation  of  the 
two  actions.  In  one  case''  a  strong  man  of  twenty-six  years, 
who  had  been  taking  ^-grain  doses  of  strychnin  for  a  fortnight 
previously  and  therefore  may  have  been  presumed  to  have  estab- 
lished a  tolerance  for  that  alkaloid,  took  4  grains  (0.256  gm.) 
each  of  strychnin  and  morphin,  dissolved  in  spirit.  The  first 
spasm  occurred  in  about  half  an  hour  and  was  followed  by  others 
at  the  rate  of  eight  to  ten  in  an  hour.  No  morphin  effects  were 
manifested,  except  that  the  strychnic  action  was  delayed.  A 
man  of  fifty-four  years,  with  diseased  kidneys,  took  10  grains 
(0.64  gm.)  each  of  strychnin  and  morphin  at  3.15,  severe  tetanic 
convulsions  followed  at  3.45.  At  4  o'clock  the  case  was  con- 
verted into  a  compound  strychnin,  morphin,  antimony,  atropin, 
uraemic  poisoning  by  the  administration  of  40  grains  of  tartar 
emetic  (which  did  not  cause  emesis)  and  the  hypodermic  injection 
of  J  grain  atropin.  The  antimonial  effect  was  evidenced  by  a 
low  temperature,  95°,  and  that  of  atropin  by  a  rapid  pulse  (150) 
dryness  of  the  mouth,  widely  dilated  pupils,  coma,  and  a  sub- 
sequent rise  of  temperature  to  99°.  He  died  at  12.30,  after 
slight  spasms  of  the  muscles  of  the  face  and  legs.  In  this  case 
the  action  the  least  in  evidence  was  that  of  morphin.*  Another 
man  of  fifty-four  years  swallowed  f  grain  strychnin  and  3jss  Tr. 

>  Amer.  Practit.  and  News,  1898,  '  Chippendale:    Med.    Times   and 

xxvi.,  9.  Gaz.,  1855,  n.  s.,  x.,  423. 

'  Lancet,  1856,  i.,  671.  «  Marvin:  Med.  Herald,  Louisville, 

''Ibid.,  1881,  i.,  578.  1879-80,  i.,  5. 

'Ross:  Montreal    Med.    J.,    1898, 
xxvii..  503. 
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Opii  (about  f  grain  morphin)  in  rum  at  4.30.  At  5.30  the 
characteristic  symptoms  of  strychnin  began.  Contraction  of  the 
pupils  was  the  only  opium  manifestation  noted.  The  spasms 
slowly  abated  under  chloral,  and  he  recovered. '  A  girl  of  sixteen 
attempted  suicide  by  taking  2  grains  of  morphin  and  one  minute 
later  1  grain  of  strychnin.  The  symptoms  of  the  latter  predomi- 
nated.^ A  male  suicide  of  twenty-nine  years  swallowed  16  pills 
containing  some  quinin,  3  grains  strychnin,  and  3j  opium  (about 
6  grain  morphin).  During  twelve  hours  he  only  "  felt  queer  "  and 
manifested  considerable  cerebral  excitement.  Later  he  went 
into  a  profound  stupor,  with  contracted  pupils  and  stertorous 
respiration,  and  died  in  thirty-eight  and  a  half  hours  without 
having  shown  any  strychnic  effects  except  the  excitement  early 
in  the  poisoning,  and  an  alternation  of  relaxation  and  rigidity 
of  the  muscular  system  while  in  a  condition  of  stupor.^  A 
woman  of  twent3'-two  years  swallowed  a  package  of  vermin 
Idller  (i^  grains  strychnin),  3ij  laudanum  (|-  grain  morphin), 
and  3ij  mercuric  oxid.  The  symptoms  were  purely  narcotic. 
The  stomach  was  pumped  out  and  she  recovered  rapidly  without 
a  symptom  of  strychnin  poisoning.*  A  woman  of  twenty-three 
years  took  U  grains  strychnin  and  5j  laudanum  (1^  grains  mor- 
phin), manifested  pronounced  symptoms  of  opium  poisoning  in 
about  three  hours,  those  of  strychnin  poisoning  in  eight  hours, 
and  later  an  alternation  of  the  two,  the  strychnic  action  continu- 
ing longer  than  that  of  morphin,  until  she  recovered.''  A  man  of 
seventy  years  took  4  grains  morphin  and  "  some  strychnin."  He 
had  violent  tetanic  spasms,  with  marked  opisthotonos,  and 
during  the  intervals  manifested  all  the  symptoms  of  opium 
poisoning."  A  man  of  forty-five  years  attempted  suicide 
with  9  gm.  of  nux  vomica  and  a  large  dose  of  laudanum.  He 
soon  went  to  sleep,  and  was  awakened  three  hours  later  by  a 
strong  tetanic  spasm.'' 

Gobrecht*  reports  the  case  of  a  man  of  twenty  years  who 
attempted    suicide    by.    swallowing     15     grains     of    strychnin 

'Harrison:  Lancet,  1882,  i.,  780.  «  King:  Louisville  M.  News,  1880, 

"Stadeler:    N.    Orleans    M.    and  x.,  160. 
0-  J.,  1887-8,  n.  s.,  xv.,  200.  '  Lazzarro:  Arch,  di  farm,  e  terap., 

...'Pashley:  Chicago  Med.  J.,  1860,  1894,  ii.,  295.     See  also  Tschepke's 

"'•.  635.  case,  p.  1043. 

Beatty:  Lancet,  1871,  ii.,  907.  *  Tr.  Med.  See.  Penn.,  1870,  70. 

Mecredy:  Lancet,  1882,  ii.,  724. 
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and  5j  of  chloroform.  He  became  profoundly  comatose,  but 
manifested  no  strychnic  symptoms. 

Diagnosis. — The  disease  bearing  the  closest  resemblance 
to  strychnin,  poisoning  is  tetanus,  whether  traumatic  or  symp- 
tomatic ("idiopathic").  In  poisoning  by  strychnin  the  attack 
is  more  sudden  than  in  tetanus,  and  the  entire  history  of  the 
case  is  compassed  within  a  few  hours,  instead  of  lasting  for  days. 
The  spasms  follow  each  other  at  shorter  intervals,  and  are  of 
less  duration  in  strychnin  poisoning  than  in  tetanus.  In  the 
latter  trismus  is  one  of  the  earliest  and  most  prominent  of  the 
symptoms,  while  in  the  former  it  occurs  later,  if  any  succession 
of  the  factors  of  the  spasm  be  observable,  and  may  be  insignifi- 
cant as  compared  with  the  violent  tetanic  rigidity  of  the  re- 
spiratory muscles.  During  the  intervals  between  the  convulsions 
due  to  strychnin  the  muscles  are  usually  relaxed,'  while  in 
tetanus  they  remain  more  or  less  rigid,  particularly  those  moving 
the  lower  jaw.  The  chief  points  of  distinction  are  in  the  much 
more  rapid  progress  of  strychnin  poisoning,  and,  in  the  great 
majority  of  cases,  in  the  history  of  the  onset,  which  in  the  poison- 
ing follows,  with  very  little  warning,  within  a  few  minutes  or 
possibly  an  hour  or  two,  the  ingestion  of  some  bitter  substance, 
but  in  tetanus  is  gradually  developed  several  hours  or  days  after 
an  injury,  which  may  have  been  trivial  or  serious.  The  distinc- 
tion is  most  certainly  made  in  doubtful  cases  by  the  detection  or 
non-detection  of  strychnin  in  the  urine  or  stomach  washings.^ 

Uncertainty  concerning  the  diagnosis  between  epilepsy  and 
strychnin  poisoning  can  only  occur  in  the  very  exceptional  case 
of  an  unknown  person  dying  during  a  single  convulsion.  In 
such  an  event  chemical  analysis  would  decide  the  question  defi- 
nitely. In  other  cases  the  history  of  the  patient  and  of  the  at- 
tack, the  much  longer  interval  between  the  paroxysms  in  epi- 
lepsy, and  the  more  distinctly  tonic  character  of  the  spasms  in 
strychnin  poisoning,  are  sufficient  to  establish  the  distinction. 

In  cases  of  poisoning  of  pregnant  women  by  strychnin^  the 
distinctions  between  the  effects  of  the  poison  and  puerperal  con- 
vulsions are  of  importance.     The  principal  diagnostic  point  is 

'  See,     however,     Surbadhikary's  '  Two    such    are    referred   to   by 

case  above.  Wharton  and   Stills   ("  Med.  Jur.," 

-The  time  required  for  this  ex-      4th  ed.,  ii.,  443,  625). 
amination   is   such   as   to   render   it 
valueless  for  clinical  purposes. 
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the  fact  that  in  puerperal  convulsions  the  patient  is  entirely 
unconscious  of  what  occurs,  either  during  or  between  the  con- 
vulsions, while  in  strychnin  poisoning  consciousness  usually  re- 
mains unimpaired,  except  immediately  before  death.'  Here 
again  chemical  analysis  may  be  depended  upon  to  remove  all 
doubt. 

Prognosis. — Of  557  poisonings,  not  including  coroner's 
cases,  271,  or  48.7  per  cent,  died,  and  286,  or  51.3  per  cent, 
recovered. 

Treatment. — The  ends  to  be  attained  are,  first,  the  pre- 
vention of  further  poisoning  by  removal  of  unabsorbed  poison 
from  the  stomach;  and,  second,  the  prevention  or  mitigation  of 
the  spasms  which  are  the  cause  of  death.  The  first  end  is  best 
attained  by  the  hypodermic  administration  of  apomorphin,  fol- 
lowed by  washing  out  the  stomach  with  a  decoction  of  tannin 
containing  sodium  bicarbonate.  While  the  washing  is  more  effi- 
cacious than  the  action  of  the  emetic,  and  should  not  be  omitted 
when  large  doses  have  been  taken,  the  introduction  of  the  tube 
is  certain  to  provoke  a  severe  and  possibly  fatal  spasm  if  it  be 
attempted  before  the  irritability  is  at  least  partially  controlled, 
and  therefore  the  evacuation  of  the  stomach  by  this  means  is 
to  be  deferred  until  after  the  patient  has  come  under  the  influ- 
ence of  the  physiological  antidotes.^  These  are  more  truly  an- 
tidotal than  is  usual  with  so-called  physiological  antidotes,  serv- 
ing as  they  do  to  hold  the  spasms  in  check  and  thus  to  prevent 
death  by  asphyxia  or  by  exhaustion  until  the  poison  has  been 
removed  by  evacuation  and  elimination.  The  most  service- 
able agents  for  this  purpose  are  chloroform  by  inhalation  and 
chloral  by  the  mouth  or  rectum,  both  of  which  should  be  resorted 
to,  the  former  first,  if  at  hand,  until  anaesthesia  is  established, 
then  chloral,  after  evacuation  of  the  stomach  by  the  siphon. 
Bringard^  advises  the  intraperitoneal  injection  of  chloral.  In 
an  emergency  whisky  to  alcoholic  intoxication  may  be  resorted 
to.  The  use  of  potassium  bromid,  tobacco,  etc.,  in  conjunction 
with  chloral  is  not  to  be  recommended;  that  of  opium  or  morphin, 
while  it  was  well  enough  before  the  discovery  of  chloral,  and  might 
be  still  resorted  to  in  an  emergency,  is  attended  with  the  greater 

'  See,  however,  cases  cited  above,       the  pipe  should  not  be  attempted 
?■  1046.  without  the  use  of  a  gag. 

In  any  event  the  introduction  of  ^  Arch.  m^d.  d' Angers,  1908,  xu., 

220. 
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danger  of  narcotic  poisoning.  Artificial  respiration  may  in 
exceptional  cases  become  of  service,  but  only  when  the  natural 
respiration  is  not  resumed  at  the  cessation  of  a  spasm.  It  is 
obvious  that  mechanical  respiration  cannot  be  performed  during 
rigidity  of  the  muscles.'  The  patient  should  be  kept  as  quiet  as 
possible,  and  all  noises,  jars,  or  sudden  movements  on  the  part  of 
those  in  attendance  carefully  avoided.  The  patient  may  be 
rubbed,  moved,  or  held  at  his  request  or  if  he  be  warned  that 
it  is  to  be  done. 

Charpentier  and  Guilloz^  recommend  the  constant  electric 
current.  Pouchet^  notes  the  rumor  of  the  existence  of  a  plant 
antidotal  to  strychnin,  peculiar  to  Java.  The  administration 
of  pilocarpin  is  of  questionable  utihty;  and  melted  lard  can  only 
act  mechanically  to  delay  absorption. 

Fate — Elimination. — Although  Cloetta*  failed  to  detect 
strychnin  in  the  urine  of  patients  taking  -J,  f,  and  even  IJ  grains 
strychnium  nitrate  daily,  and  Masing^  was  equally  unsuccessful  in 
experiments  with  animals,  the  numerous  instances  in  which  it 
has  been  found  in  the  urine  demonstrate  its  elimination  un- 
changed by  the  kidneys."  The  beginning  of  this  ehmination  is,  of 
course,  dependent  upon  the  rapidity  of  absorption.  Thus 
Quetsch,'  with  patients  suffering  from  various  diseased  conditions 
of  the  stomach  detected  it  in  the  urine  in  from  seven  to  fifty 
minutes.  Adam'  detected  it  in  nine  minutes  after  administra- 
tion, and  before  the  appearance  of  symptoms.  Kratter,"  after 
hypodermic  administration  of  medicinal  doses  detected  it  in  the 
urine  in  thirty-five  minutes,  but  not  in  fifteen  minutes.     Ipsen' 

■  Leube:  Arch.  f.Anat.  U.Physiol.,  ton:    Med.    Rec,    1867-8,    ii.,    22. 

1867,  629.     Rosenthal:  C.  r.  Ac.  Sc,  Beattv  (Harrison) :  Lancet,  1871,  ii., 

1867,  Ixiv., 1142.    Osterwald:  Arch.  f.  907.   IDragendorff:  "Beitrage,"  1872, 

exp.    P.    u.    P.,     1900,     xliv.,    451.  195.     Bailhache:  M.  and  S.  Reptr., 

Fodera  and  Gentilucci:  .\rch.  int.  de  1878,   x.xxviii.,   412.     Schauenstein: 

pharmacod.,   1904,   xiii.,    14:3.     Gies  Masehka,   "Handb."   1882,  ii.,  620. 

and   Meltzer:   .\mer.  .J.  of  Physiol.,  Kratter:     Wien.     med.    Wchnschr., 

1903,  ix.,  1.  1SS2,  xxxii.,  214.     Plugge:  Arch.  d. 

"  C.   r.    Soc.    de   biol.,    1903,    Iv.,  Pharm.,  1SS4,  cci.,  641.     v.  Rauten- 

1047.  feld:Diss.,  Dorpat,  1884.     Thibault: 

'  Bull.   Ac.   de   M4d.,    1907,   3   s.,  These,     Lille,     1886.     Mann:    Med. 

Ivn.,  374.  Chron.,      1889,      x.,      113.      Ipsen: 

*  Virch.  .Arch.,  1866,  xxxv.,  369.  Vrtljschr.  f.  ger.  Med.,   1892,  3  F., 

°  Diss.,  Dorpat,  1S6S,  p.  25.  iv.,  27. 

"Adam:  Husemann:  "Handb.  d.  '  Berl.  kl.  Wchnschr.,  1884,  xxi., 

Tox.,"1862,  p.  510.    Scliulzen:.Arch.  353. 

f.  An.  u.  Path.,  1864,  49S.      Hamil-  "  Loc.  cit. 
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in  experiments  with  lethal  doses  in  dogs  obtained  the  reactions 
with  the  urine  drawn  in  three  to  five  minutes.  Schauenstein' 
obtained  crystals  of  the  nitrate  from  200  c.c.  of  the  urine  in  a 
case  fatal  in  one  and  one-half  hours. 

Although  Kratter^  found  no  strychnin  in  the  urine  after 
twenty-two  hours,  and  considers  the  longest  period  of  elimination 
to  be  forty-eight  hours,  and  Mann^  never  found  it  in  the  urine 
for  a  longer  period  than  forty-eight  hours  after  the  last  of  a 
series  of  medicinal  doses,  Dragendorff^  found  distinctly  detect- 
.  able  quantities  in  the  urine  of  the  second  day  in  Weyrich's  case;^ 
Bukunin  and  Majone*  found  the  elimination  in  dogs  to  continue 
for  seventy-two  hours;  and  v.  Rautenfeld^  in  two  cases  detected 
it  in  the  urine  for  six  days.  One  of  these  was  a  woman  hemi- 
plegic  of  seventy-seven  years  who  received  3  mgm.  in  two  days, 
the  other  a  man  of  over  eighty  years  who  received  5  mgm.  in 
two  days.  Plugge°  after  administration  of  3  mgm.  obtained 
affirmative  results  with  the  physiological  and  chemical  tests  in 
the  urine  of  the  seventh  day,  and  with  the  chemical  test  in  that 
of  the  eighth. 

v.  Rautenfeld^  administered  to  his  two  patients  16  mgm. 
strychnium  nitrate  (=13.46  mgm.  strychnin)  during  two  days, 
collected  their  urine  during  eight  days,  and  recovered  therefrom 
6.1  mgm.  strychnin,  or  45.3  per  cent,  of  the  quantity  adminis- 
tered. Kobert'  states  that  the  total  eliminated  by  the  urine  is 
much  less  with  small  doses  than  with  large  ones,  of  which  fifty 
to  seventy-five  per  cent,  is  eliminated  unchanged. 

Strychnin  is  also  eliminated  in  the  bile°  and  in  the  saliva'" 
and  possibly  also  in  the  perspiration. 

That  the  system,  in  some  animals  at  least,  has  some  method 
of  disposing  of  absorbed  strychnin  other  than  by  ehmination 
by  th,e  kidneys  is  shown  by  the  fact  that  for  nephrectomized 
rabbits  and  guinea-pigs  the  minimum  lethal  dose  is  not  greater 


'  Loc.  cit.  «  Arch    f.  Pharm.,    1885,   ccxxii., 

'Loc.cit.,  p.  195.  833. 

'Seep.  1034.     Elimination  in  this  '' Loc.  cit.,  p.  31. 

case  was  certainly  not  complete  in  *  "  Intoxikationen,"      2te     Aufi., 

45    hours,    as    Dragendorff    found  1158. 

traces  of  strychnin  in  the  tissues.  "  Dragendorff:     Loc.    cit.,   m    two 

'  Gazz.  chim.  ital.,   1906,  xxxvi.,  suicides. 

227.  i»  Mann:    Loc.   cit.    Moller:    Rev. 

'ioc.  cit.,  pp.  24-26.  d.  sc.  med.,  1876,  viii.,  477. 
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than  that  for  normal  animals/  and  if  such  dose  be  not  greater 
than  0.3  mgm.  p/K  given  at  intervals  of  three  hours  the  animals 
can  stand  an  unlimited  amount  without  reaction.*  From  ex- 
periments in  vitro  Plugge'  supposed  that  strychnin  may  be 
oxidized  in  the  system  to  strychnic  acid,  which  is  not  bitter,  and 
only  produces  tetanus  in  frogs  in  doses  3000  to  4000  times  greater 
than  strychnin,  but  neither  he  nor  others*  have  succeeded  in 
showing  that  this  occurs  in  vivo.  Salant^  stated  that  strychnin 
is  not  detectable  in  the  intestinal  contents  of  rabbits  when 
mixed  therewith  or  administered  to  the  living  animal,  and  con- 
cluded that  it  becomes  so  modified  that  it  escapes  detection  by 
the  usual  methods.  Later^  he  recognized  that  his  results  were 
due  to  extraction  at  too  high  a  temperature,  and  that  strychnin 
is  readily  detectable  in  the  situations  mentioned  if  the  temper- 
ature be  restricted  to  30°-40°  in  extraction.'  Ottolenghi^  found 
that  extracts  of  the  tissues  of  animals  poisoned  by  strychnin 
when  injected  into  frogs  has  a  toxicity  only  one-fourth  to  one- 
that  of  an  equal  quantity  of  strychnin  in  aqueous  solution.  Widal 
and  Nobecourt^  state  that  when  strychnin  is  triturated  with  pulp 
of  nervous  or  liver  tissue  it  loses  half  its  toxicity  to  mice  and 
other  animals.  Brunner,'^'*  however,  states  that  brain  tissue  has 
no  immunizing  action  toward  strychnin,  and  Abelous"  makes 
the  same  statement  as  to  liver  tissue.  Thoinot  and  Brouardel,'^ 
while  not  denying  the  conclusions  of  Widal  and  Nobecourt,  ob- 
tained the  same  result  with  numerous  indifferent  substances, 
and  consider  the  action  to  be  purely  physical.  Sano,''  on  the 
other  hand,  finds  that  the  gray  cortex  of  the  human  brain  has 
the  power  of  disintoxicating  strychnin,  and  that  the  gray  parts 
of  the  motor  cortex  act  more  energetically  than  the  cortex  of 

'For     rabbits     per    os     5     mgm.  "  Ihid.,  1903,  xxiv.,  721;  J.   Med. 

sulfate  p/K.   (Nob6coiirt:  C.  r.  Soc.  Research,  1904,  n.  s.,  vii.,  41. 

de  biol.,  1904,  Ivii.,  332);  hypoder-  'See  also  Hatcher:  Amer.  J.  of 

mically     0.7     mgm.     sulfate     p/K  Physiol.,  1904-5,  xii.,  237. 

(Maurel:  Ibid.,  1902,  liv.,  742).  «  Arch.  ital.  de  bid.,  1898,  xxix., 

=  Carrara:  Cblt.  f.  inn.  Med.,  1901,  336. 

xxii.,  479.     Melzer  and  Salant:  J.  of  "  Bull,  et  m6m.  Soc.  m^d.  d.  hop. 

Exp.  Med.,  1902,  vi.,  107.     Meltzer  de  Paris,  1898,  3  s.,  xv.,  182. 

and  Longman:  J.  of  Med.  Research,  '"Fortschr.  d.  Med.,  1899,  xvti.,  7. 

1903,  n.  s.,  iv.,  19.  "  C.  r.  Soc.  de  biol.,  1898, 10  s.,  v., 

^  Arch.    f.   Pharm.,    1884,    ccxxi.,  398. 

641.  12  Bull,  et  m^m.  Soc.  m^d.  d.  hop. 

*  Ipsen;  v.  Rautenfeld:  Loc.  cit.  de  Paris,  1898,  3  s.,  xv.,  276. 

'  Cblt.  f .  inn.   Med.,    1902,  xxiii.  "  Pflilg.  Arch.,  1908,  cxxiv.,  369. 
902,  10S!i. 
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sensory  spheres.  Czyhlarz  and  Donath'  ligated  the  legs  of  guinea- 
pigs  so  tiglitly  that  centripetal  circulation  of  blood  and  lymph 
was  arrested,  and  injected  certainly  lethal  doses  of  strychnin 
distally  to  the  Ugatures,  and  found  that  no  toxic  effects  were 
produced  on  removal  of  the  ligatures  one  to  four  hours  later. 
From  these  and  other  experiments  they  concluded  a  disintoxi- 
cating  modification  of  the  alkaloid  by  living  muscular  and  other 
tissues.  These  results  have  been  confirmed  by  Meltzer  and 
Longman,^  Carrara,^  Baruchello/  Boccolari,^  and  Welsch.* 
Kleine'  verifies  the  fact  observed  by  Czyhlarz  and  Donath,  but 
attributes  it  to  a  gradual  absorption  of  the  poison  in  spite  of  the 
ligature. 

Post-mortem  Appearances. — There  are  no  peculiarities 
discoverable,  on  external  or  internal  examination,  which  are 
characteristic  of  this  form  of  poisoning.  Rigor  mortis  is  more 
rapidly  estabhshed  and  continues  for  a  longer  period  in  most 
cases.  According  to  Wharton  and  Stills,  rigor  mortis  was 
very  marked  in  the  body  of  a  woman  exhumed  two  weeks  after 
death;*  Canedy^  states  that  the  body  of  a  boy  which,  although 
intensely  putrid,  was  so  rigid  that  it  could  be  lifted  by  the 
shoulders  and  knees  without  bending  twenty-six  days  after 
death;  and  Taylor'"  states  that  cadaveric  rigidity  was  well 
marked  in  the  body  of  Cook  two  months  after  death.  Usually 
the  muscles  are  relaxed  at  death  and  soon  stiffen,  but  in  some 
cases  the  tetanic  spasm  merges  into  rigor  mortis.  But  instances 
are  met  with  in  which  cadaveric  rigidity  has  disappeared  in 
from  fourteen  to  forty-eight  hours.  In  some  cases  the  hands  are 
firmly  clenched  and  the  soles  arched  after  the  other  muscles  have 
become  relaxed.  Rigidity  is  of  shorter  duration  in  the  bodies 
of  those  in  whom  the  spasms  have  been  more  or  less  controlled  by 
treatment  during  life  than  in  those  who  have  died  without  medical 
interference.  The  surface  is  usually  livid,  but  not  in  all  cases. 
Sometimes  lividity  is  confined  to  the  fingers,  and  in  some  cases 
the  inner  surfaces  of  the  thighs  and  arms  assume  a  red  color. 

'Cblt.  f.  inn.   Med.,    1900,   xxi.,  =  Med.  Woche,  1903,  493. 

321;Ztschr.  f.  Heilk.,  1901,  xxii.,  1.  "Bull.  Ac.  r.  de  m^d.  de  Belg., 

Ozyhlarz:  Ibid.,  p.  156.  1908,  4  s.,  xxii.,  411. 

'  Cblt.  f.  inn.  Med.,  1900,  xxi.,  929.  '  Ztschr.  f.  Hyg.,  1901,  xxxvi.,  1. 

'Ibid.,  1901,  xxii.,  479.  «  "Med.  Jur.,"  4th  ed.,  ii.,  445. 

*Maly's    Jb.,    1901,    xxxi.,     114.  »  Host.   M.   and  S.   J.,    1904,   cli., 

'''ot  as  to  animals  other  than  the  715. 
guinea-pig.  lo  "Poisons,"  3d  Am.  ed.,  676. 
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The  internal  appearances  are  still  less  characteristic.  The 
blood  is  usually  fluid  and  dark.  The  vessels  of  the  scalp,  the 
brain  and  its  coverings,  and  of  the  spinal  cord,  as  well  as  the 
lungs,  are  congested  when  death  has  been  due  to  asphyxia.' 
The  heart  is  usually  empty  and  sometimes  firmly  contracted, 
the  right  side  being  less  so  than  the  left,  and  sometimes  dis- 
tended with  dark  fluid  blood.  The  bladder  is  usually  empty, 
though,  in  some  cases  it  has  been  found  to  be  nearly  full  of  urine. 
Occasionally  ecchymotic  spots  or  patches  of  congestion  are  ob- 
served in  the  stomach.  Apoplectic  clots  have  been  found  in  the 
brain.  ^ 

Detection. — Owing  to  the  stability  and  non-volatiHty  of 
strychnin,  the  rapidity  with  which  it  causes  death,  and  the  fact 
that  it  does  not  usually  provoke  vomiting,  its  detection  in  the 
cadaver  rarely  fails.  Its  presence  has  been  demonstrated  in  the 
stomach  in  numerous  cases,  sometimes  in  notable  quantity,  and 
it  has  even  been  found  in  the  solid  and  crystalline  form.^  Pou- 
chet  and  Magnier  de  la  Source  obtained  0.148  gm.  (  =  2.28 
grains)  from  510  gm.  (about  IJ  pounds)  of  viscera.*  Blyth 
separated  3  grains  (0.195  gm.)  of  strychnin  from  the  stomach 
contents  of  a  woman  poisoned  by  strychnin;'  and  Sonnenschein 
obtained  the  same  quantity  (3.123  "gran"  =0.194  gm.)  from 
the  stomach  contents  of  a  man  who  had  died  in  three  and  a 
quarter  hours  after  having  swallowed  about  five  or  six  "gran."' 
Bischoff  separated  the  enormous  quantity  of  0.732  gm.  (11.3 
grains)  from  the  viscera  of  a  man  who  had  died  suddenly  from 
the  effects  of  strychnin.' 

In  the  systematic  process  for  alkaloids'  strychnin  and  brucin 
are  extracted  by  benzene  from  alkaline  aqueous  solution. 

An  abbreviated  process  may  be  used  when  strychnin  only  is 
to  be  sought  for.     The  material  to  be  examined,  weighed,  and 

'For      microscopic      changes      in  'Kratter:    Vrtljschr.  f.  ger.  Med., 

nervous  tissues  see:  Manaresi:  Riv.  1907,  3F.,  xxxiii.,  Spth.,  130. 
di  patol.  nerv.,   etc.,    1896,   i.,   270.  "  Thibault:  "  Alcal.  d.  strychn6es," 

Alessi  and  Fieri:  II   Morgagni,  1901,  p.  111. 
xliii.,  345.     Pisso:  Policlin.,  Roma,  =  Reg.  v.  Burke,  1862,  Ph.  J.  and 

1906,  xiii.,  Sez.  prat.  134.5.     Socquet,  Tr.,  1862-63,  n.  s.,  iv.,  90. 

Ogier  and  Balthazard:  Ann.  d'hyg.,  "Casper:   Vrtljschr.  f.  ger.  Med., 

1907,  4  s.,  vii.,  523.     Goldschneider      1864,  n.  F.,  i.,  1. 

u.  Flatau:  "Norm.  u.  path.  Anat.  d.  '  Wolff:  Diss.,  Halle,  1887,  p.  7. 

Kervenzellen,"  1898.  See  also  p.  1035. 

^  Booth:    Med.   Times   and    Gaz.,  *  See  p.  158  e«  seg. 
1856,  xiii.,  35. 
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finely  divided  and  suspended  in  water  if  solid,  is  rendered  dis- 
tinctly acid  with  dilute  sulfuric  acid  and  macerated  at  about  40° 
(104°  F.)  for  six  or  eight  hours,  after  which  the  hquid  is  filtered 
off  and  the  sohd  expressed.  Fresh  portions  of  very  dilute  acid 
are  added  to  the  residue  and  the  extraction  and  expression 
repeated  two  or  three  times.  The  united  acid  filtrates  are 
concentrated  to  the  consistency  of  a  thin  syrup  at  a  temperature 
not  exceeding  40°,  preferably  in  vacuo.  The  residue  is  mixed 
with  four  volumes  of  strong  alcohol,  gradually  added  during 
stirring,  and  placed  in  the  refrigerator  overnight.  The  alcoholic 
liquid  is  decanted  and  filtered,  the  residue  is  warmed  with  strong 
alcohol,  which  is  decanted  and  filtered  after  cooling  as  before, 
and  the  treatment  repeated.  The  alcohol  is  distiUed  off  in 
vacuo  and  the  residue,  thinned  with  water  if  necessary,  is  trans- 
ferred to  a  perforator  (see  p.  162)  without  filtration,  and  ex- 
tracted with  chloroform  until  a  small  sample  (collected  by  a 
moment's  removal  of  the  flask)  leaves  no  residue  on  evapora- 
tion. The  aqueous  liquid  is  then  rendered  alkaline  with  slight 
excess  of  ammonium  hydroxid,  a  second  flask  containing  chloro- 
form is  substituted  for  the  first,  and  the  extraction  of  the  alkaline 
liquid  with  chloroform"-  is  proceeded  with  as  above.  This 
second  chloroform  solution  is  evaporated  spontaneously  in 
a  glass  dish.  The  residue  requires  purification.  To  this  end 
it  is  extracted  by  gentle  warming  and  stirring  with  water  very 
faintly  acidulated  with  sulfuric  acid  (1:1000).  This  solution, 
which  is  of  small  volume,  is  filtered  into  a  separator  (Fig.  4,  p.  161) 
of  not  more  than  25-30  c.c.  capacity,  along  with  2  to  3  c.c.  of 
washings  of  the  capsule  and  filter,  rendered  slightly  alkaline 
with  ammonium  hydroxid,  and  shaken  out  with  three  successive 
portions  of  benzene,  of  double  the  volume  of  the  aqueous  solu- 
tion. After  complete  separation  of  the  layers  the  aqueous 
hquids  are  drawn  off  from  below,  and  the  benzene  layers  trans- 
ferred in  small  portions  at  a  time  into  a  weighed  glass  capsule, 
moderately  warmed,  in  such  manner  that  the  residue  left  on 
their  evaporation  occupies  as  small  a  space  as  possible.  Usually 
this  purification  will  have  to  be  repeated  two  or  three  times 
before  a  white,  crystalline  residue  is  obtained,  which  is  then 
examined  under  the  microscope  for  the  crystals  of  strychnin 

'  Chloroform  is  to  be  preferred  to      solvent  power  for  strychnin  and  its 
benzene  on  account  of  its  greater       lower  boiling  point. 
IV.-67 
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(Fig.  36,  p.  1012).'  When  the  amount  present  is  sufficient  for  a 
quantitative  determination  the  capsule  is  placed  in  a  desiccator, 
and  its  constant  weight  determined,  from  which  that  of  the 
empty  capsule  is  subtracted.  The  gravimetric  determination 
may  be  checked  by  titration  as  directed  on  page  181,  and  the 
strychnin  salt  is  recovered  from  the  solution,  examined  micro- 
scopically, and  used  for  the  identifying  reactions. 

Tests  for  Strychnin. — 1.  The  Crystalline  Form. — As  there 
is  practically  but  one  color  reaction  for  strychnin  known,  the 
crystalline  form  is  important;  and  as  the  alkaloid  crystaUizes 
readily  by  slow  evaporation  of  its  solvents  there  is  no  difficulty 
in  obtaining  the  crystals,  if  the  methods  described  have  been 
followed  and  if  the  alkaloid  be  present  in  quantity  greater  than 
"traces."  It  must  not  be  assumed,  however,  that  affirmative 
results  of  the  color  and  physiological  tests  are  necessarily  due 
to  a  substance  other  than  strychnin  if  the  crystals  be  not  ob- 
tained, as  those  reactions  are  distinctly  obtained  with  quan- 
tities altogether  unweighable  and  insufficient  to  yield  a  crystal- 
line deposit.  To  obtain  well-formed  crystals  the  solution  should 
be  allowed  to  evaporate  spontaneously  in  a  round-bottomed 
glass  dish  (see  p.  150).  Strychnin  crystallizes  from  benzene  or 
alcohol  in  small,  four-sided,  orthorhombic  prisms,  terminating  in 
four-sided  pyramids  (Fig.  36,  p.  1012);  sometimes  also  in  plates. 
Precipitated  by  ammonium  hydroxid  from  solutions  of  its 
salts  it  forms  slender,  needle-like,  four-sided  prisms;  in  which 
form  it  is  also  left  by  evaporation  of  its  solution  in  ether- 
chloroform. 

2.  The  Taste. — The  taste  of  strychnin  is  intensely  and  per- 
sistently bitter,  with  a  faintly  metallic  after-taste,  and  is  still 
perceptible  (faintly)  with  a  solution  of  1:100,000.^  With  dilute 
solutions  the  taste  is  not  perceived  immediately  the  drop  is 

'  The  method  given  in  the  text  is  10-15  volumes  of  absolute  alcohol, 

essentially  the  same  as  that  used  by  filters  after  24  hours,  washes  with 

Ipsen  (Vrtljschr.  f.  ger.  Med.,  1892,  alcohol,  distils  off  the  alcohol  over 

3  F.,  iv.,   33)   for  the  urine  in  its  the  water-bath,  dissolves  the  residue 

earlier  part,  but  he  uses  chloroform  in  water,  and  extracts  with  chloro- 

for  both  extraction  and  purification,  form,  practically  as  in  the  text  with 

and  converts  the  strychnin  into  its  the  difference  noted, 
sulfate  for  microscopic  examination.  '^ Prescott    ("Organic    Analysis," 

He  acidulates  the  urine  with  tartaric  448)  gives  the  limit  as  1 :  600,000  or 

acid,  and  evaporates  to  a  syrup  at  1 :  700,000.     This    may  be   possible 

low    temperature    over    the    water-  with  a  sense  sufficiently  acute, 
bath,  digests  the  cooled  residue  with 
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placed  upon  the  tongue,  but  onlj^  after  a  short  time.  Of  course, 
there  being  many  other  bitter  substances,  this  quahty  is  only 
confirmatory. 

3.  The  Color  Reaction. — Strychnin  dissolves  in  concen- 
trated sulfuric  acid,  forming  a  colorless  solution  of  the  sulfate.' 
If,  now,  nascent  oxygen  be  generated  in  the  solution,  a  pecuhar 
play  of  colors  is  produced;  at  first,  and  but  for  an  instant,  blue 
(this  color  is  sometimes  absent),  then  dark  violet,  which  grad- 
ually becomes  more  reddish  and  changes  to  red,  and  then  to 
yellow. 

This  test,  which  is  the  most  delicate  and  characteristic,  may 
be  produced  in  a  variety  of  ways,  but  the  strychnin  should  be 
dissolved  in  the  acid  before  the  next  step  of  the  reaction  is 
proceeded  to. 

The  sulfuric  acid  solution  may  be  placed  upon  a  strip  of 
platinum  foil  connected  with  the  positive  (platinum)  pole  of  a 
single  Grove  cell,  and  a  platinum  wire,  connected  with  the  nega- 
tive (zinc)  pole,  brought  into  contact  with  the  upper  surface 
of  the  drop  of  liquid.  The  nascent  oxygen  liberated  at  the  foil 
produces  a  dark  violet  blotch,  which  on  breaking  the  contact 
gradually  suffers  the  changes  of  color  mentioned. 

The  sulfuric  acid  solution  may  be  placed  in  a  watch-glass 
upon  a  white  background,  and  a  minute  fragment  of  some  solid 
substance  capable  of  yielding  oxygen  by  contact  with  the  acid 
drawn  through  it  with  a  pointed  stirring  rod.  The  path  of  the 
fragment  is  marked  by  a  streak  of  color  passing  through  the 
changes  above  mentioned.  Either  black  oxid  of  manganese, 
oxid  of  cerium,  potassium  dichromate,  potassium  ferrocyanid, 
or  lead  peroxid  may  be  used.  Black  oxid  of  manganese  and 
potassium  dichromate  are  preferable  to  the  other  substances 
named,  so  far  as  the  strychnin  reaction  alone  is  concerned,  but 
with  cerium  oxid  the  differences  between  the  reaction  with 
strychnin  and  that  produced  by  gelsemium  are  more  marked 
(see  below).  The  test  should  therefore  be  repeated  with  all 
three  oxidants  if  the  amount  of  material  be  sufficient.  Potas- 
sium permanganate  should  not  be  used  in  this  test  as,  while  it 
gives  the  reaction  with  strychnin  quite  as  well  as  the  other  oxi- 
dants, it  also  gives  with  certain  constituents   of  eupatorium 

'  This  mixture,  in  the  absence  of      even  when  it  is  lieated. 
other  substances,  does  not  blacken 
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(boneset)  as  well  as  with  traces  of  other  organic  substances,  a 
reaction  closely  simulating  that  of  strychnin,  which  is  not  pro- 
duced when  potassium  dichromate  or  manganese  oxid  is  used.' 
The  blue  color  is  most  persistent  with  the  manganic  oxid,  which 
being  the  least  soluble,  develops  the  reaction  most  slowly. 

As  an  additional  precaution  against  ptomains  the  test  may 
be  repeated,  heating  the  residue  to  120°  (248°  F.)^  with  sulfuric 
acid  and  cooling  it  again,  before  adding  the  oxidant — a  treat- 
ment which  the  vegetable  alkaloid  withstands  (if  the  quantity 
be  not  extremely  small)  but  which  destroys  the  animal  alka- 
loids. If  the  material  darken  too  much  (from  charring  of  for- 
eign substances)  the  acid  is  to  be  neutralized,  the  mass  rendered 
faintly  alkaline  and  extracted  with  chloroform,  and  the  test 
applied  to  the  residue  of-evaporation  of  this  solution. 

Sulfovanadic  acid,  Mandelin's  reagent  (see  p.  174)  gives 
the  same  color  changes;  and  if  water  be  added  after  the  yellow 
has  become  pale,  a  red  color  is  produced. 

The  following  substances  give  this  reaction  in  a  manner 
more  or  less  closely  resembling  that  observed  with  strychnin, 
but  with  certain  differences:  Curarin  (see  p.  1013)  gives  the 
same  play  of  colors,  but  they  are  developed  much  more  slowly 
than  with  strychnin.  But  curarin  is  colored  red  by  sulfuric 
acid  alone;  or  blue  at  first,  changing  to  red  after  some  hours, 
or  on  being  heated  to  about  90°  (194°  F.),  and  is  colored  purple 
by  sulfuric  and  nitric  acids.  Moreover,  curarin  is  not  extracted 
by  benzene  or  by  the  other  immiscible  solvents  from  either  acid 
or  alkaline  aqueous  liquids  (see  p.  164).  Gelsemin  (see  p.  941) 
if  pure,  forms  a  colorless  solution  with  concentrated  sulfuric 
acid  (yellow  or  brown  if  impure);  with  potassium  dichromate 
or  eerie  oxid  a  reddish-purple  or  cherrj^-red  color  is  produced, 
without  the  initial  blue  or  blue-violet  of  the  strychnin,  and  the 
liquid  assumes  a  green  or  bluish-green  color,  which  is  not  observed 
with  strychnin.  Gelsemin  produces  motor  paralysis,  not  tetanic 
spasms,  in  frogs. ^  Most  of  the  alkaloids  from  quebracho  bark 
give  somewhat  similar  reactions:  Aspidospermin  gives  a  faint 
brown  color  with  sulfuric  acid  alone;  and  on  addition  of  potassium 

'Sedgwick:  Amer.  Cliera.  J.,  but  at  140°  (2S4°  F.)  strychnin  is 
1879-80,  i.,  369.  itself  decomposed. 

^  The    temperature   may   with  'See     Schwarz:    "Forens.-chem. 

safety  be  raised  to  130°  (266.5°  F.)       Xachweis    d.    Gelsemiums,"    Diss., 

Dorpat,  1882,  also  p.  942  ante. 
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dichromate  a  purple  color,  which  in  one  minute  turns  "brown, 
the  brown  color  persisting.  This  alkaloid  gives  a  red  color  with 
nitric  acid,  and  the  same  color  when  warmed  with  hydrochloric 
acid.  Aspidosamin,  qitehrachin,  and  quebrachamin  give  a  blue 
color  with  sulfuric  acid  and  potassium  dichromate.  They  also 
give  a  blue  color  with  Frohde's  reagent,  which  is  not  affected  by 
strychnin.  An  alkaloid  of  Pareira  brava,  geissospermin,  behaves 
like  strychnin  with  sulfuric  acid  and  potassium  dichromate. 
But  nitric  acid  colors  it  purple,  ferric  chlorid  colors  it  blue,  and 
with  Frohde's  reagent  it  gives  a  persistent  blue  color.  Moreover; 
it  is  extracted  by  benzene  and  by  chloroform  from  acid  solutions.' 
Anilin  also  gives  a  blue-violet  color  with  potassium  dichromate 
and  dilute  sulfuric  acid,  but  this  color  does  not  change  to  red  and 
yellow,  but  to  black,  while  a  peculiar  odor,  somewhat  resembling 
that  of  bitter  almonds,  is  given  off,  which  is  not  observed  with 
strychnin  (see  Lauro-tetanin,  under  test  No.  5).  Many  alkaloids 
and  other  substances  are  colored  by  sulfuric  acid  alone,  which  is 
not  the  case  with  strychnin.  Hypaphorin,  an  alkaloid  obtained 
by  Gresshoff  from  the  seeds  and  bark  of  Hypaphorus  subumbrans, 
cultivated  in  Java  as  a  shade-tree,  and  investigated  by  Plugge,^ 
is  said  to  "  cause  a  beautiful  violet  color,  like  that  with  strychnin  " 
which  "changes  more  rapidly,  and  soon  disappears  altogether" 
with  this  test.  It  also  causes  tetanus  in. frogs.  It  differs  from 
strychnin  in  the  following  respects:  Its  solutions  are  not 
alkaline,  either  to  phenolphthalein  or  to  litmus;  the  free  base 
is  more  soluble  than  its  salts  in  water,  and  a  two-per-cent.  solution 
of  the  base  forms  an  immediate  crystalline  precipitate  with 
nitric  acid;  it  forms  no  precipitates  with  potassium  thiocyanate, 
or  with  potassium  chromate;  it  is  not  extracted  from  either  acid 
or  alkaline  aqueous  solutions  by  ether,  petroleum  ether,  benzene, 
or  chloroform  (and  therefore  cannot  exist  in  the  residue  which 
would  contain  strychnin,  p.  163).  There  are  also  points  of 
difference  between  its  physiological  action  and  that  of  strychnin.^ 
Plugge  does  not  refer  to  its  taste.  Lloyd's  mixture*  consists  of 
one  part  of  hydrastin  (an  alkaloid  of  the  golden-seal)  and  nine 
parts  of  morphin.     This  mixture  when  moistened  with  concen- 

'See    Czerniewski:  "D.     forens.-  =  Arch.     f.     exp.   P.   u.   P.,    1893, 

chem.    Nachw.    d.    Quebracho    u.      xxxii.,  313. 
i-areiro-alcaloide,"     Diss.,     Dorpat,  ^  See  test  5,  p.  1063. 

^^'^^'  *  "  Stringtown  on  the  Pike,"  1901, 

p.  406. 
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trated  Sulfuric  acid  gives  a  faint  rose-red  color,  which  increases 
slowly  in  intensity  on  standing  (which  stychnin  does  not  do).' 
Distinct  blue-violet  streaks  are  produced  in  this  solution  when 
a  fragment  of  potassium  dichromate  is  drawn  through  it,  as 
with  strychnin.  The  violet  color,  however,  persists  for  about 
half  an  hour  and  does  not  pass  to  any  shade  of  red,  as  does 
strychnin,  except  that  a  portion  of  the  original  rose-red  color  may 
persist  in  parts  of  the  liquid  which  have  not  been  in  contact  with 
the  dichromate.  The  mixture,  when  heated  with  sulfuric  acid  alone 
on  the  water-bath,  produces  an  intense  red-violet  color,  which 
changes  in  about  two  minutes  to  an  intense,  smoky  blue-violet. 
Under  this  treatment  strychnin  remains  colorless.  Neither  hy- 
drastin  nor  morphin  alone  gives  this  reaction.  The  mixture  cannot 
occur  in  a  properly  conducted  analysis.  Its  components  would  be 
separated  in  the  extraction,  as  morphin  is  insoluble  in  benzene, 
which  would  remove  either  hydrastin  or  strychnin  if  present, 
leaving  the  morphin  to  be  extracted  later  by  acetic  ether  or 
amylic  alcohol.  Paul-  states  that  in  an  analysis  in  a  case  of 
supposed  poisoning  of  an  infant  by  poppies,  he  obtained  negative 
results  as  to  morphin,  but  obtained  from  the  stomach  fragments 
of  the  skin  and  seeds  of  the  poppj'  and  a  bitter  substance  which 
gave  the  general  reactions  of  the  alkaloids,  and  "the  special 
reaction  for  strychnin."  Prof.  Belohonbek  examined  poppies 
and  "  obtained  a  small  amount  of  extract  which  behaved  like  the 
similar  extract  from  the  viscera  of  the  child,  and  gave  the  general 
alkaloid  reactions  and  those  special  reactions  which  belong  to 
strychnin,  without  apparently  being  identical  with  strychnin." 

The  reaction  is  interfered  with  to  a  greater  or  less  extent  by 
the  presence  of  sugar,  morphin,  or  other  reducing  agents,  brucin, 
phenacetin,  and  other  substances.  Therefore  the  alkaloid  should 
be  separated  in  as  pure  a  form  as  possible  before  the  application 
of  the  test. 

The  color  reaction  is  distinct  with  0.001  mgm.  (-g-irT-inr  gi'-) 
of  strychnin. 

4.  Solution  of  potassium  dichromate  produces  a  yellow  pre- 
cipitate in  solutions  of  strychnin  or  of  its  salts,  which  is  very 
sparingly  soluble  in  cold  water  and  soon  becoines  crystalhne. 
This  precipitate  when  moistened  with  sulfuric  acid  gives  the  color 

'See    also    Mayer:  Amer.    J.    of  =  Prag.     med.     Wchnschr.,     1S93, 

Pharm.,  1901,  Ixxiii.,  353.  xviii.,  197. 
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reaction.     Brucin  forms  a  similar  precipitate,  but  only  slowly  in 
dilute  solutions.     Limit  =  0 .  006  mgm.  (y-s-^-j-iy  gr.) . 

5.  The  Physiological  Test. — This  consists  in  the  production 
of  tetanic  spasms  in  an  animal  by  injection  of  strychnin  in  solu- 
tion. As  Marshall  Hall  was  the  first  to  suggest  the  use  of  the 
frog  (whose  susceptibility  to  the  effects  of  strychnin  he  first  ob- 
served) for  this  purpose/  the  test  is  known  by  his  name.  The 
frog  is  the  animal  still  most  frequently  used.  Rj^utenf eld^  called 
attention  to  the  fact  that  the  two  common  European  species  of 
frog  are  not  equally  susceptible  to  the  action  of  strychnin.  Falck/ 
experimenting  with  Rana  esculenta,*  found  that  0.005  mgm. 
of  strychnium  nitrate  caused  tetanic  spasms  in  eighteen  minutes 
in  a  frog  weighing  2.1  gm.,  0.02  mgm.  in  thirty-one  minutes 
in  one  weighing  13  gm.,  and  0.05  mgm.  in  forty-nine  minutes  in 
one  weighing  53  gm.  Rautenfeld,  using  Rcma  temj)oraria,  found 
that  0.03  mgm.  did  not  produce  tetanus  in  a  frog  weighing  20.5 
gm.,  that  0.04  mgm.  caused  spasms  in  one  weighing  15  gm.  in 
twenty-one  minutes,  and  0.16  mgm.  in  one  weighing  46  gm.  in 
twenty-two  minutes.  The  frogs  selected  for  experiment  should 
be  as  small  and  as  lively  as  can  be  obtained.  They  are  more 
sensitive  in  summer  than  in  winter.  They  should  not  be  dried 
as  has  been  recommended,'^  but,  on  the  contrary,  the  skin 
should  be  kept  moist;  for,  while  a  frog  whose  surface  is  dry  is 
certainly  more  susceptible  to  the  action  of  strychnin,  the  cutane- 
ous respiration  is  impeded,  and  the  animal  is  not  in  a  physiological 
condition.  The  solution  to  be  tested  is  to  be  injected  with  a 
hypodermic  syringe  either  into  the  abdominal  cavity  or  into  the 
lymph  heart  immediately  beneath  the  skin  of  the  back  at  the  root 
of  the  hind  legs.  The  animal  is  then  placed  in  a  moist  chamber 
under  a  bell  glass  and  observed.  It  will  become  rigid,  with  a 
general  tetanic  spasm  of  all  of  the  muscles,  within  a  period  vary- 
ing from  two  minutes  to  an  hour,  according  to .  the  magnitude  of 
the  dose,  if  the  hquid  injected  contained  strychnin;  and  similar 
spasms  may  be  provoked  by  striking  upon. the  table,  or  by  pinch- 
ing a  fo(Tt,  or  by  touching  or  blowing  upon  the  animal.     The 

'  Lancet,  1856,  i.,  36,  335.  allied  species,  R.  palustris,  occurs,  as 

'  "Ausscheidung   d.   Strychnins,"  well  as  R.  temporaria  and  R.  mugiens 

wss.,  Dorpat,  1884,  39.  (bullfrog).     R.  esculenta  w  also  na- 

'Vrtljschr.    f.    ger.    Med.,    1884,  usual   in   England,   although    occa- 

fl-  F.,  xli.,  345.  sionally  met  with  there. 

*Rana  esculenta  is  not  found  in  =  Gray:  Glasgow     Med.     Journ., 

America,  where,  however,  a  closely  1870-71,  iii.,  167. 
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appearance  of  tetanus  is  preceded  by  a  period  of  uneasiness  dur- 
ing which  the  respiration  is  accelerated.  If  the  amount  of  ma- 
terial available  be  sufficient,  a  second  experiment  should  be 
made  with  a  frog,  one  of  whose  gastrocnemii  has  been  previously 
attached  to  a  myograph,  when  the  characteristic  tracing  of 
tetanus  will  be  obtained.' 

Falck^  has  shown  that  young  rabbits  and  young  white  mice 
are  even  more  susceptible  to  strychnin  than  frogs.  Tetanus  is 
produced  in  a  rabbit  a  day  old  in  from  ten  to  fifteen  minutes  by 
0.02  mgm.  of  strychnium  nitrate,  and  in  one  eleven  days  old 
by  0.026  mgm.  Mice  must  be  from  fourteen  to  sixteen  days 
old.  If  younger  they  are  too  small,  if  older  not  sufficiently 
sensitive.  Tetanus  was  produced  in  mice  fifteen  days  old  and 
weighing  from  3  to  5  gm.  in  less  than  ten  minutes  by  as  little 
as  0.0012  mgm.  of  strychnium  nitrate.  Schmidt^  prefers  frogs 
to  mice  on  the  ground  that  the  latter  are  very  susceptible  to 
the  action  of  ptomains  while  the  former  are  very  resistant  thereto. 

Tetanus  is  also  produced  by  brucin,  by  thebain,  and  certain 
other  opium  alkaloids,  and  by  laurotetanin.^  Falck,^  having 
experimented  with  rabbits,  gives  the  lethal  doses  per  kilogram  of 
body  weight  in  milligrams  of  the  nitrate  as  for  strychnin  0.6, 
thebain  14.4,  brucin  23.0,  laudanin  29.6,  codein  51.2,  and 
hydrocotarnin  203.8.  These  alkaloids  are,  however,  readily 
distinguished  from  strychnin  by  their  failure  to  give  the  reaction 
with  sulfuric  acid  and  potassium  dichromate,  and  by  the  spe- 
cial reactions  of  each,  not  given  by  strychnin.  Laurotetanin 
gives  a  violet  color  with  sulfuric  acid  and  weak  oxidants,  and 
it  is  bitter.  But  it  only  becomes  crystalline  after  a  few  days; 
it  gives  an  indigo-blue  color  with  Frohde's  reagent,  is  colored 
pale  rose  color  by  sulfuric  acid  alone,  and  brown  by  nitric  acid. 
Hypaphorin  administered  to  small  mammals,  even  in  large  doses, 
has  no  toxic  action.  In  frogs  in  doses  of  1  to  5  mgm.  it  has  no 
effect,  beyond  causing  increased  sensibility  and  increased  re- 
spiratory frequency.  In  doses  of  12  to  75  mgm.  it  causes  in- 
creased reflex  sensibility  and  finally  violent  tetanic  spasms,  but 

'  See  Gamier:  Ann.   d'hyg.,   etc.,  ■*  Gresshoff:       Pharm.      Jahresb., 

1890,  3  s.,  xxiv.,50S.  1890,  13. 

^  Loc.  cit.  5  Vrtljschr.  f.  ger.  Med.,  1875,  n. 

'Ztschr.    f.    Med.-Beamte,    1902,  F.,     xxi'ii.,     78.     See    also     Bratz: 

XV.,  865.     See  also  Ipsen:  Vrtljschr.  "  Ueber  Strychnin  u.  Brucin,"  Diss., 

f.  ger.  Med.,  1895,  3  F.,  x.,  1.  Kiel,  1891. 


STRYCHNIN    POISONING DETECTION.  1065 

only  after  two  and  a  half  to  twenty-four  hours,  and  the  tetanic 
condition  may  persist  for  two  to  seven  days.  Frogs  may  recover 
from  doses  of  50  mgm.,  although  30  mgm.  may  cause  death  in  two 
to  nine  days.  With  strychnin  the  animal  either  dies  within  a  few 
hours  or  recovers  completely  within  twenty-four  hours.  Hydras- 
tin  also  causes  tetanic  spasms  in  frogs,  similar  to  those  produced 
by  strychnin,  but  a  much  larger  dose  is  required.  Pembry 
and  Philips'  give  the  toxic  dose  of  strychnin  for  frogs  as  0.09 
mgm.,  and  the  lethal  dose  as  0.22  mgm.;  and  for  hydrastin 
hydrochlorid  the  toxic  dose  as  6.5  mgm.,  and  the  lethal  dose  as 
8.0  mgm. 

6.  A  solution  of  iodic  acid  in  concentrated  sulphuric  acid 
colors  strychnin  yellow,  changing  to  brick-red,  and  to  violet.^ 

7.  Aqueous  solution  of  periodic  acid  colors  strychnin  red, 
and  red  crystals  separate  on  evaporation  of  the  solution. 

8.  Strychnin,  when  heated  with  an  aqueous  solution  of 
perchloric  acid  sp.  gr.  1.13  forms  a  reddish-yellow  solution. 
Under  similar  treatment  aspidospermin  gives  a  fuchsin-red 
color  and  brucin  a  madeira  color.  The  same  reaction  is  pro- 
duced by  boiling  sulfuric  acid  solutions  of  the  alkaloids  with  a 
minute  quantity  of  potassium  chlorate.^ 

9.  Another  form  of  the  "euchlorin  reaction"**  consists  in  dis- 
solving the  alkaloid  in  a  drop  of  dilute  nitric  acid,  warming, 
and  adding  a  minute  quantity  of  potassium  chlorate  to  the 
warm  mixture,  when  a  scarlet-red  color  is  produced.  A  drop 
or  two  of  ammonia  changes  this  to  brown.  On  evaporation  to 
dryness  a  green  residue  remains,  which  forms  a  green  solution 
in  water,  changes  to  orange-brown  with  caustic  potash,  and 
returns  to  green  with  nitric  acid.^ 

10.  The  delicacy  of  the  general  reagents  with  strychnin  is 
given  by  Dragendorff  as  follows  for  1  c.c.  solution:  Phospho- 
molybdic  acid,  0.07  mgm.;  phosphotungstic  acid,  0.0001  mgm.; 
phosphoantimonic  acid,  0.02  mgm.;  potassium-bismuth  iodid, 
0.0002  mgm. ;  potassium-cadmium  iodid,  0.01  mgm.  Potassium 
ferrooyanid  precipitates  colorless,  four-sided  prisms  from  a  solu- 
tion   of    1:1000.     Potassium    ferricyanid,     a    greenish-yellow, 

'"Physiological  Action  of  Drugs,"  '^  Frauds:   Berichte,     Ber.,     1S7!J, 

1901.  "  ^  xii.,  1558. 

'Selmi:  Berichte,  Berl.,  1878,  xi.,  •"  See  p.  175. 

1692.  5  Bloxam:  Chem.  News,  1887,  Iv., 

155. 
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crystalline  precipitate  from  1 :  250,  which  gives  the  color  reac- 
tion with  sulfuric  acid.  Mercuric  chlorid  and  mercuric  cyanid 
form  white,  crystalline  precipitates  in  1 :  500,  which  become 
yellow  with  potassium  chromate.  Potassium  thiocj^anate  pre- 
cipitates in  white  crystals  (0.02  mgm.)-  Sodium  nitroprussid  a 
light  brown,  crystalline  precipitate  (1 :  5000,  according  to  Hel- 
wig).  Potassium  perchlorate,  white  crystals  (1:100).  Ferric 
chlorid,  brownish-yellow  crystals  (not  in  1:100).  Potassium- 
iridium  chlorid  (fresh  solution)  at  first  a  dark  brown  precipi- 
tate which  disappears  on  agitation,  and  afterward  deposits  in 
crystals  (1:500).  Potassium-mercuric  iodid,  1:8000.  Platinic 
chlorid  1 :  1000,  yellowish-white,  sparingly  soluble  in  hot  alcohol, 
and  deposited  from  the  solution  on  cooling  in  crystalHne  bundles 
resembling  crystalline  stannic  sulfid.  Auric  chlorid,  1 :  1000, 
soluble  in  alcohol,  from  which  it  crystallizes  in  orange-yellow 
crystals.  Picric  acid,  greenish-yellow  crystals,  0.05  mgm. 
Tannic  acid,  0.04  mgm.  lodin-potassium  iodid,  brown  pre- 
cipitate, from  hydrochloric  solution  0.0012  mgm.,  soluble  in 
boiling  alcohol,  from  which  it  is  deposited  in  reddish-brown, 
doubly  refracting  prisms. 

Separation  op  Strychnin  and  Brucin. — This  may  be 
effected  by  taking  advantage  of  the  greater  solubility  of  brucin 
(1: 38)  than  strychnin  (1:  2617)  in  dilute  alcohol  of  sp.  gr.  0.970. 
The  mixture  of  alkaloids  is  digested  for  one  hour  with  100 
parts  of  alcohol  of  the  gravity  mentioned  at  the  ordinary  tem- 
perature, filtered,  and  the  undissolved  alkaloid  washed  with  100 
parts  of  alcohol  of  the  same  gravity.  The  undissolved  alkaloid 
contains  no  brucin,  but  the  residue  of  evaporation  of  the  alcohol 
contains  a  trace  of  strychnin  (Prescott).  Or  Howard's  modi- 
fication of  Keller's  method,^  which  depends  upon  the  resistance 
of  strychnin  to  acids,  and  the  destruction  of  brucin  thereby  at 
low  temperature,  may  be  followed;  the  mixture  of  alkaloids  is 
dissolved  at  water-bath  temperature  in  ten  per  cent,  sulfuric 
acid.  When  quite  cold  -j^  volume  of  strong  nitric  acid  is  added, 
and  the  mixture  maintained  at  about  0°  for  eighteen  hours.  After 
alkahzation  the  strychnin  may  be  extracted  by  chloroform-ether. 

Tests  for  Brucin. — 1.  Nitric  acid  or  sulfuric  acid  colors 
brucin  a  fine  red,  which  fades  to  orange  and  red.  Pure  sul- 
furic acid  does  not  color  it. 

■  Analyst:  1005,  xxx,,  261. 
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2.  The  solution  from  1,  after  having  become  yellow,  is  colored 
bright  purple  by  stannous  chlorid,  ammonium  sulfid,  or  sodium 
sulfid.i 

3.  Care's  reagent  (solution  of  potassium  persulfate,  KjSoOg, 
in  concentrated  sulfuric  acid)  gives  an  orange-red  color  cold, 
which  becomes  lemon-yellow  on  addition  of  colloid  platinum. 
Strychnin  remains  colorless  in  the  cold.^ 

4.  A  chloroform  solution  is  evaporated  in  a  test-tube 
plunged  into  hot  water.  Add  diluted  sulfuric  acid  (1:1H20), 
warm  again,  add  gultatim  a  solution  of  2  drops  bromin  in  2  c.c. 
chloroform,  shake,  heat:  a  carmine-red  color.^ 

Failure  of  Detection. — The  reactions  for  strychnin  are 
delicate  and  well-defined,  and  it  is  difficult  to  suppose  a  case  of 
death  from  the  effects  of  this  poison  in  which  a  properly  con- 
ducted analysis*  would  not  reveal  the  presence  of  the  alkaloid  in 
the  stomach  and  contents,  except,  possibly,  under  the  excep- 
tional circumstance  of  the  stomach  having  been  washed  out 
shortly  before  death  and  too  late  to  save  the  life  of  the  patient; 
but  even  under  these  circumstances  the  alkaloid  would  be  detect- 
able in  the  stomach  washings,  liver,  and  urine.  The  duration 
of  a  fatal  strychnin  poisoning  is  so  short  (rarely  exceeding  six 
hours)  that  it  is  highly  improbable  that  a  person  should  die  from 
the  effects  of  this  poison  and  no  trace  of  it  remain  in  the  body. 

That  absorption  takes  place  rapidly  is  true,  and  consequently 
when  but  small  quantities  have  been  taken,  yet  sufficient  to 
cause  death,  and  life  has  been  prolonged  for  more  than  two 
hours,  very  little  will  remain  in  the  stomach.  Mann^  has  given 
the  results  of  three  analyses  which  demonstrate  the  rapidity  of 
absorption,  and  also  the  fact  that  when,  under  such  conditions, 
only  a  trace  remains  in  the  stomach  notable  amounts  are  still  to 
be  found  in  the  liver  and  urine.  In  the  first  of  Mann's  cases  a 
girl  died  in  three  hours  from  the  effects  of  a  three-penny  package 
of  Battle's  Vermin-Killer,  the  stomach  having  been  washed  out. 

'  For  further  reactions  see  Drag-  of  the  cadaver  were  sent  for  analy- 

endorff:  "Ermittel.     von     Giften,"  sis    to   a   chemist    who    found    no 

"IteAufl.,  185.  strychnin.     Other   parts   were   sent 

^Springer:  Pharm.     Ztg.,  1902,  to    Jeserich,    who   extracted   0.008 

'flvii.,  157.  strychnin    from    the    stomach    and 

'Wharton:   Pharm.    Jbt.,  1902,  contents, 

xxxvii.,  390.  =Med.  Chron.,  Manchester,  1889- 

*In  Nessel's  case  (Arch.  f.  krim.  90,  x.,  113. 

Anthrop.,     1900,     iv.,    148)  parts 
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Only  a  trace  of  strychnin  was  found  in  the  stomach,  but  0.013 
gm.  was  obtained  from  the  liver,  0.005  gm.  from  278  c.c.  of 
urine,  and  a  trace  from  the  kidney.  In  the  second  case  the 
conditions  were  precisely  the  same,  except  that  the  patient  was 
a  woman,  and  that  the  stomach  had  not  been  evacuated,  and 
here  again  the  amount  in  the  stomach  contents  was  just  suffi- 
cient to  demonstrate  its  presence,  no  more.  In  the  third  case 
double  the  dose  had  been  taken  by  a  girl  who  died  in  two  hours 
without  evacuation  of  the  stomach.  In  this  instance  0.078 
gm.  (of  0.182  gm.  ingested)  was  recovered  from  the  stomach 
contents.  These  cases,  as  well  as  many  others,  show  that 
elimination  is  also  rapid.  But  death  may  occur  before  elimi- 
nation has  apparently  begun,  as  in  the  case  of  a  man  who  fell 
over  and  died  without  having  a  single  tetanic  seizure,  and  in 
487  c.c.  of  whose  urine  Bischoff  found  no  evidence  of  strychnin, 
although  he  separated  the  large  quantity  of  0.68  gm.  from  the 
alimentary  canal  and  its  contents.'  On  the  other  hand,  traces  of 
absorbed  strychnin  may  remain  in  cases  of  long  duration  after 
its  disappearance  from  the  stomach,  as  in  Dragendorff's  analysis 
in  Weyrich's  case  of  death  in  forty-five  hours. ^ 

Yet  cases  have  occurred  in  which  death  has  in  all  proba- 
bility been  due  to  strychnin,  and  an  analysis  has  nevertheless 
failed  to  reveal  the  presence  of  the  alkaloid  in  the  cadaver.  An 
historical  instance  is  the  case  of  Palmer,  tried  in  London  in 
1856,  in  which  Professor  Taj'lor,  who  made  the  analysis,  did  not 
obtain  chemical  evidence  of  the  presence  of  strychnin,  although 
the  deceased.  Cook,  was  seized  with  violent  tetanic  convulsions 
fifty-five  minutes  after  having  taken  the  poison,  and  died  in 
about  fifteen  minutes  thereafter.  The  failure  of  this  analysis 
(for  such  it  must  be  considered,  as  complete  elimination  or 
even  absorption  in  so  short  a  period  is  not  possible)  was  the 
subject  of  much  bitter  controversy,  and  seems  to  have  perma- 
nently warped  the  judgment  of  Dr.  Taylor  on  the  subject  of 
chemico-legal  evidence.  It  was  due  to  two  causes,  both  avoid- 
able. The  autopsy  was  conducted  without  the  commonest  pre- 
cautions necessary  in  such  cases.  The  defendant  was  present, 
and  accidentally  (?)  caused  the  loss  of  the  contents  of  the  stom- 
ach; and  the  solid  viscera  were  only  obtained  for  analysis  at  a 

■  Wolff:  "EiniKeFallevonStrych-  ^ageitriige,"  p.  195. 

nin-vergiftung."  Diss.,  Halle,  1S87, 7. 
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later  date.  But  the  loss  of  the  stomach  contents,  although  they 
probably  contained  strychnin  in  larger  quantities  than  the  tis- 
sues, -would  not  have  caused  complete  failure  of  the  analysis 
had  the  analytical  processes  been  properly  conducted,  as  strych- 
nin has  been  detected  in  the  liver,  kidneys,  tissue  of  the  stomach, 
and  urine  in  many  instances.  Maschka  also  reports  a  case'  in 
which  an  analysis  failed  to  give  satisfactory  evidence  of  the 
presence  of  strychnin  in  the  stomach  or  its  contents,  or  in  the 
blood  or  liver,  although  there  is  little  room  to  doubt  that  death 
was  rapidly  caused  by  that  alkaloid.  A  woman  of  thirty-six 
years  had  died  in  about  fifteen  minutes  (during  which  she  mani- 
fested distinct  symptoms  of  strychnin  poisoning)  after  having 
taken  about  one-third  of  the  liquid  contents  of  a  bottle  the 
remaining  two-thirds  of  which  were  found  to  contain  6  grains 
("gran")  of  strychnin.  In  the  absence  of  all  details  as  to  the 
methods  of  analysis  followed,  it  appears  more  probable  that 
these  were  defective  than  that,  as  Maschka  says,  the  strychnin 
had  become  undetectable  by  dissemination  and  alteration  in  the 
body  or  by  putrefaction.^ 

Indeed,  strychnin  withstands  decomposition  under  the  influ- 
ence of  putrefactive  changes  for  a  long  period.  Bischoff  ob- 
tained distinct  evidence  of  the  presence  of  strychnin  in  the 
stomach,  spleen,  liver,  and  kidneys  after  a  burial  of  six  weeks. ^ 
Cloetta  obtained  positive  reactions  from  viscera  containing 
strychnin  which  had  been  buried  three,  six,  and  eleven  and  a 
half  months.*  Noyes  recovered  about  2  mgm.  of  strychnin 
from  the  cadaver  of  a  cliild  which  had  been  buried  308  days.^ 
Lesser^  detected  strychnin  in  the  completely  mummified  body 
of  a  woman  337  days  after  death;  and  Kratter'  in  that  of  a  man, 
which  had  been  buried  five  years  and  eight  months,  and  had 
been  externally  converted  into  adipocere.  Littlejohn  and 
Drinkwater*  found  strychnin  in  viscera  two  years  after  their 
first  analysis,  but  not  in  the  blood  after  four  years.     Heintz 

'"Samml.   Gutacht.   Prag.    med.  =  J.  Amer.  Chem.  Soc,  1894,  xvi., 

M.,"  1867,  3  F.,  280.  108. 

'  See  also  Wilkins  (Taylor) :  Lan-  "  Vrtljschr.  f .  ger.  Med.,  1898,  3  F., 

Mt,  1857,  i.,  551.     Reese:  Amer.  J  xv.,  270  (Case  127). 

M.  Sc,  1861,  n.  s.,  xlii.    409.     Em-  '  Ibid.,  1907,  3  F.,  xxxiu.,  Spth., 

mert:  "Lehrb.  d.  ger.  Med.,"  1900,  131.     See    also    Ipsen:    76irf.,  1894, 

P'352.                    *  3F.,  vii.,  1. 

'Wolff:  Op.  cit.,  p.  16.  «Edinb.  M.  J.,   1907,  n.  s.,  xxu., 

'Arch.    f.     path.     Anat.,     1866,  112. 
XXXV.,  369. 
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detected  strychnin  with  certainty  in  some  meat  to  which  the 
nitrate  had  been  added  three  years  before,  and  which  had  under- 
gone putrefaction.^  Rieclcher  demonstrated  the  presence  of 
strychnin  in  a  mass  of  heart,  lungs,  and  liver  which  had  been 
exposed  to  the  ordinary  variations  of  temperature,  with  which 
it  had  been  mixed  eleven  years  previously.^  The  question  of 
the  power  of  strychnin  to  withstand  putrefactive  changes  was 
an  important  subject  of  debate  in  a  criminal  case  in  Germany 
in  1876,  in  which  a  woman  had  died  in  two  hours  after  the  al- 
leged administration,  and  in  which  an  analysis,  made  after 
four  months'  burial,  had  failed  to  demonstrate  the  presence  of 
any  vegetable  poison  in  the  liver,  stomach,  or  intestine.  In  ex- 
periments made  in  connection  with  this  case  strychnin  was  de- 
tected in  the  bodies  of  seventeen  dogs  poisoned  by  it  and  buried 
for  periods  varying  from  70  to  330  days.^ 

In  an  elaborate  series  of  experiments  Falck  and  Otto  have 
shown  that  strychnin  is  decomposed  by  filtration  of  its  solution 
through  a  certain  thickness  of  soil,  varying  with  the  nature  of 
the  soil  and  the  presence  or  absence  of  bacteria.* 

Strychnin  or  Ptomain. — Baumert  states  that  "in  one  case 
the  ptomain  in  question  not  only  gave  various  chemical  re- 
actions, including  the  identifying  reactions  of  strychnin,  but 
also  possessed  the  tetanizing  action  of  that  alkaloid."^  He, 
however,  gives  no  further  particulars  and  no  reference  to  where 
such  may  be  found,  nor  the  name  of  the  observer,  although  he 
discusses  Amthor's  base  (see  below)  at  length.  Nor  can  we 
find  any  verification  of  the  statement  elsewhere. 

Bacterial  products  have,  however,  been  obtained  which 
either  possess  a  tetanizing  action,  or,  being  without  such  action, 
give  a  reaction  with  sulfuric  acid  and  oxidants  which  in  some 
respects  resembles  that  produced  by  strychnin,  yet  diSering  in 
others. 

Brieger  and  his  followers"  have  obtained  from  the  culture 

'  Arch.    d.  Pharm.,    1871,    cxcvi.,  i^  "Ptomaine,"      1SS6.      iii.,      89. 

126.  Berichte,    Berl.,    1886,    xix.,    3119. 

==  Ztschr.  f.  anal.Chem.,  186S,  vii.,  Arch.   f.   path.    Anat.,    1888,   cxii., 

400.  549.     Berl.   klin.    Wchnschr.,  1887, 

'  Ranlce,    Buchner,    Gorup-Besa-  xiii.,    303;   ibid.,    1888,    xxv.,    329. 

nez   u.  Wislicenus:    Arch.   f.   path.  Weyl  and  Kitasato:  Ztschr.  f.  Hyg., 

Anat.,  etc.,  1879,  7  F.,  v.,  1-23.  1890,     viii.,     404.     Kitasato:   Ibid., 

'  Vrtljschr.  f.  ger.  Med.,  1891-93,  1891,  x.,  267.     Tizzoni  and  Cattani: 

3F.,  ii.,  171;  iii.,  269;  iv.,  165.  Arch.    f.    exp.    Path.    u.    Pharm., 

'  "Lerb.  d.  gerichtl.  Chem.,"  353.  1890,  xxvii.,  432. 
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media  of  Nicolaier's  tetanus  bacillus  three  or  more  basic  sub- 
stances and  a  toxalbumin  which  cause  tetanus  in  varying  de- 
grees of  intensity.  Of  the  bases  one,  tetanin,  is  not  crystaUine, 
but  is  a  volatile,  highly  alkahne  yellowish  oil,  and  another, 
tetanotoxin,  crystallizes  in  flat,  pointed  plates.  These  bases  are 
not  described  as  giving  the  color  reaction  of  strychnin  or  as  being 
bitter  in  taste,  and  have  not  its  crystalline  form. 

Amthor^  obtained  a  ptomain  by  the  Stas-Otto  method,  which 
passed  from  alkaline  solution  into  benzene  an.d  into  amylic  al- 
cohol, which  was  not  crystalline,  only  faintly  bitter,  and  with 
sulfuric  acid  and  potassium  dichromate  gave   a  green   color. 

Mecke^  obtained  a  faintly  bitter,  non-tetanizing  ptomain 
which  gave  the  reaction  with  sulfuric  acid  and  dichromate,  but 
was  colored  red  by  sulfuric  acid  alone,  yellow  by  Ei'dmann's 
reagent,  and  with  the  Frohde  a  dirty  violet,  changing  to  olive 
and  to  green. 

In  investigating  the  cause  of  the  "pellagra"  or  "maidism" 
prevalent  in  Italy  and  traceable  to  the  use  of  spoiled  Indian 
corn  {zea  mais)  Lombroso  and  Dupr6,^  and  others,  have  obtained 
a  base,  or  mixture  of  bases  (pellagrozein),  which  is  bitter  in 
taste,  causes  tetanus  in  frogs,  and  is  said  to  give  the  color  reac- 
tion of  strychnin,  but  whose  reaction  with  sulfuric  acid  and 
oxidants  only  resembles  that  of  strychnin  in  its  initial  stage — 
it  gives  a  blue  color  which  passes  to  a  dirty  yellow,  without  any 
appearance  of  red-violet  and  red,  as  is  observed  with  strychnin. 
Moreover,  it  has  not  the  crystalline  form  of  strychnin,  and 
differs  from  that  alkaloid  also  in  that  its  sulfuric-acid  solution 
assumes  a  permanent  violet  color  when  exposed  to  vapor  Of 
bromin.* 

In  an  Italian  criminal  case  in  1878  Ciotto  obtained  the  color 
reaction  from  residues  extracted  from  a  cadaver  after  five  days' 
burial,  as  well  as  a  crystalline  precipitate  with  iodin  in  hydri- 
odic  acid.  The  taste  was,  however,  not  intensely  bitter,  and  the 
physiological  tests  appear  to  have  been  unsatisfactory.^     Nor 

'  Baumert:  Op.  cit.  ix.,    226-288.     H.    incidentally    re- 

'  Pharm.  Ztg.,  1898,  xliii.,  300.  marks  (p.  267)  that  no  alkaloid  sep- 

'"Rendiconti  1st.  Lomb.,"  1872.  arated   from   cadaveric   material   is 

Lombroso:  Lo  Sperment.,   Firenze,  known  to  him  to  which  a  tetanizing 

1876,  xxxviii.,  253,  385,  516.  action  is  to  be  attributed. 

*  For  a  full  account  of  the  products  ^Ciotto  says  in  this  connection: 

«   putrid    maize    see    Husemann:  "The  results  of  the  experiments  on 

Arch.  f.  exp.  Path.  u.  Pharm.,  1878,  frogs,  if  indeed  they  do  not  prove 
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could  the  alkaloid  be  separated  in  a  state  of  sufficient  purity  to 
distinguish  with  certainty  whether  it  exhibited  an  alkaline  re- 
action, or  to  obtain  it  in  crystals.  In  view  of  these  facts  Ciotto 
took  the  ground  that  "  a  substance  had  been  found  in  the  viscera 

of  A V ,  which  gave  chemical  reactions  corresponding 

with  the  substance  known  as  strychnin,  and  which  consequently 
probably  was  strychnin."^  Selmi,  in  criticising  the  results  of 
the  analysis  for  the  defense,  did  so  on  the  ground  that  the  evi- 
dence was  insufficient  to  positively  prove  the  presence  of  strych- 
nin; and,  while  he  had  much  to  say  with  regard  to  ptomains, 
he  did  not  contend  that  the  color  reaction  was  produced  by  a 
ptomain.  Indeed  he  distinctly  says  that  no  ptomain  known 
at  that  time  gave  the  sulfuric-acid  dichromate  reaction.^ 

Evidence  of  the  presence  of  strychnin  is  conclusive  when 
the  bitter  taste,  the  color  reaction,  and  the  physiological  action 
are  all  distinctly  observed.  The  further  evidence  of  the  crys- 
talline form,  the  alkalinity  of  the  alcoholic  solution,  and  the  re- 
action by  precipitation  with  potassium  dichromate  and  the 
color  reaction  with  the  precipitate  should  be  obtained  if  the 
quantity  of  strychnin  present  be  sufficient,  but  is  not  to  be  ex- 
pected from  very  minute  quantities. 

VERATRUM— VERATRIN,  ETC. 

Three  species  of  Veratrum  are  of  toxicological  interest:  V. 
album  (white  hellebore)  a  native  of  continental  Europe,  V .  viride 
(green,  or  American,  or  swamp  hellebore,  Indian  poke,  poke),^ 

distinctly   that   the   substance   was  ^  Selmi:  Op.  cii.,  p.  232. 

strychnin,    were    far   from    proving  '  The  name  "  poke "  is  more  gener- 

or  causing  suspicion  to  the  contrary;  ally  applied  in  the  United  States  to 

they  even  corresponded  with  those  Phytolacca   decandra,    the   root  and 

which  were  obtained  in  control  ex-  berries  of  which  are  used  as  medi- 

periments    with    minimal    doses    of  cines,  and  which  contain  a  poisonous 

strychnin;    enough    to  warrant   the  principle  which  does  not  appear  to 

supposition  that  they  were  in  great  be  an  alkaloid.     Cases  of  poisoning 

probability   due   to   that   alkaloid"  by  Phytolacca,  some  of  them  fatal, 

("Parte  chimiea  di  un  Caso  di  Pc-  have  been  reported  by  Terrill:  Steth- 

rizia,"     etc.,     Padova,     1880,     39).  oscope  and  Va.  M.  Gaz.,  1852,  ii., 

Selmi,  in  criticising  the  results    of  134;    Dutcher:    Cincin.    Lane,    and 

the  physiological  test,  says  that  they  Obs.,     1859,     ii.,     350;     Flumiani: 

were  "uncertain  to  that  degree  that  Gazz.  med.  it.  lomb.,  1857,  4  s.,  ii., 

the   experts   themselves   could   not  251;    Garnett:    Louisv.    M.    News, 

draw    any    certain     conclusion    in  1881,   xii.,    65;   Gibbs:  Cine.   Lane, 

favor    of    strychnin"    ("Sulle   Pto-  and    Obs.,    1859,    ii.,    594;    Griggs: 

maine,"   etc.,    Bologna,   ISSl,   224).  Atlanta  M.  and  S.  J.,  1866-67,  vii., 

'  Ciotto:  Op.  f(7.,  p.  10.  193;   Morris:   Med.   and  S.   Reptr. 
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and  Veratrum  officinale  (sabadilla).'  Of  these  that  which  is  the 
most  generally  used  in  this  country  as  a  medicine  and  possesses 
the  greatest  toxic  power  is  veratrum  viride.  No  less  than  ten 
bases  have  been  obtained  from  these  plants:  V.  album  contains 
jemn,  protoveratrin,  etc.,  V.  viride:  jervin,  cevadin,  and  pseudo- 
jervin,  with  only  traces  of  veratrin,  and  V.  officinale:  cevadin, 
veratrin,  etc. 

Cevadin^ — C32H4gN09 — crystallizes  in  needles  from  alcohol, 
and  forms  a  varnish  on  evaporation  of  its  etheral  solution.  .  It  is 
soluble  in  alcohol,  ether,  chloroform,  amylic  alcohol,  and  benzene, 
sparingly  soluble  in  petroleum  ether  and  in  boiling  water  (1 :  1000 
HjO),  insoluble  in  cold  water.  Its  solutions  are  alkaline  and 
fluorescent,  but  have  no  action  on  polarized  light.  It  has  a 
burning  taste,  but  no  odor,  although  it  provokes  violent  sneezing,' 
and  is  very  actively  toxic.  It  is  a  monacid  base,  and  its  salts  are 
for  the  most  part  amorphous,  the  picrate,  chloroplatinate,  and 
chloraurate  being  crystalline.  Its  alcoholic  solution  with  alco- 
holic potash  deposits  a  crystalline  potassium  compound. 

Jervin — CjeHg^NOj — crystallizes  readily  from  alcohol  in 
needles.  It  dissolves  readily  in  alcohol  (1:16.8)  and  chloroform 
(1:60),  less  in  ether  (1 :  268),  sparingly  in  benzene  (1 :1625),  and 
slightly  in  water  and  acetic  ether;  insoluble  in  petroleum  ether. 
Its  sulfate  is  very  difficultly  soluble.  Although  it  is  moderately 
toxic,  it  does  not  possess  the  sternutatory  power  of  cevadin 
and  veratrin,  but  has  an  acrid,  bitter  taste. 

Veratrin — C37H53NO11 — is  amorphous  and  resinous.  F.  p. 
180°.  Its  solutions  do  not  fluoresce.  It  is  an  ester-alkaloid 
and  hydrolyzes  to  veratric  acid  and  verin.  Its  salts  are  crystal- 
line and  the  nitrate  is  nearly  insoluble.  It  is  actively  sternuta- 
tory and  toxic. 

Pseudojervin — C29H43NO7 — is  usually  amorphous,  but  crys- 
tallizes in  plates  from  alcohol.     F.  p.  ca,  305°.     It  is  alkaUne  to 

Phila.,   1880,   xlii.,    505;    Musgrove:  '  Black    hellebore     (Helleborus 

Southern  M.  and  S.  J.,  185S,  n.  s.,  niger)   is  not  a  veratrum  and  con- 

XIV.,  230;  Guthrie:  J.  Am.  M.  Assoc,  tains  no  alkaloid,  but  owes  its  me- 

1887,  ix.,  125';  Paresi:  Independents,  dicinal    and    toxic    powers    to    four 

Torino,  1875,  xxvi,  487;  Rampazzo:  glucosids,  principally  helleborein. 

Gazz.  med.  it.  prov.   Venet.     1867,  ^gojuetimes    designated    as 

X-,  221;_Toldo:   Ihid.,    1875,   xviii.,  "Merck's  veratrin,"  or  "crystallized 

85;  Pugliesi:    Gazz.  d.  osp.,    Napoli,  veratrin." 

1891,  xii.,  435;  and  Lester:  N.  York  =  Hence  the  German  name  ot  vera- 
State  J.  M.,  1909,  ix.,  166.                     "  trum,  Nieswurz,  sneeze-herb. 
IV.-68 
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litmus*  very   difficultly   soluble   in   alcohol   and   benzene,   and 
almost  insoluble  in  ether  and  petroleum  ether. 


VERATRIC  POISONING. 

Poisonings  by  veratrum  or  its  alkaloids  are  of  exceptional 
occurrence.  We  find  reports  of  thirty-three  cases,  almost  all  acci- 
dental, either  medicinal  poisonings  from  overdoses  of  the  tincture 
(Norwood's  tincture)  or  the  fluid  extract  (Tilden's  extract),  or 
from  eating  portions  of  the  plant.  In  all  of  these  poisonings  by 
"  veratria " .  the  alkaloid  has  either  been  combined  with  other 
substances  (in  a  liniment)  or  was  probably  impure.' 

In  an  early  case  two  men  were  seriously  poisoned  by  white 
hellebore  mixed  with  brandy  as  a  practical  joke.^ 

Mayer  ^  has  reported  a  suicidal  case,  that  of  an  apothecary 
who  made  an  unsuccessful  attempt  with  a  teaspoonful  of  saba- 
dilla  seeds. 

All  of  three  alleged  homicides  by  veratrum  occurred  in 
France.  In  one  a  girl  was  convicted  of  having  caused  the 
death  of  her  two  brothers  and  the  serious  poisoning  of  her 
mother  by  repeated  doses  of  veratrum  album  mixed  with  their 
food  (Affaire  Journy,  I860).*  In  another  a  child  was  found 
dying  in  the  street  in  Paris,  and  evidences  of  the  presence  of 
veratrin  in  the  cadaver  were  obtained  by  Boutmy.*  About 
three  months  after  this  case  the  same  analyst  is  said  to  have 
obtained  the  reactions  for  veratrin  and  aconitin  on  analysis  of 
the  viscera  of  a  young  woman  who  was  supposed  to  have  taken 
the  plants  containing  those  alkaloids  to  provoke  abortion. ° 

In  an  English  case  a  woman  of  forty  died  from  the  effects  of 
this  poison,  administered  to  cause  abortion.  Veratria  was  de- 
tected in  the  urine  and  traces  in  the  liver,  kidneys,  and 
"viscera"  (Rodgers).' 

»  Grenander:  Hygiea,  Stockholm,  =  Ann.  d'hyg.,  1880,  3  s.,  iv.,  211. 

1885,  9  s.,  xlvii.,   510.     Blake:  St.  « Hougounenq:   "Traits  des  poi- 

Geo.   Hosp.  Rep.   (1870),   1871,  v.,  sons,"    493.     N.    Y.    Herald    (Aug. 

69.     Pharm.  J.,  1851,  x.,  521.  15th,  1882)  mentions  the  conviction 

^  Martini:  Mag.  f.  d.  Staatsarznk.,  of   a   priest   at  Perpignan,  France, 

1845,  iii.,  394.  of  the  murder  of  two  women,  one  by 

^Prag.     med.     Wchnschr.,    1904,  "hellebore  root,  '  the  other  by  hy- 

xxix.,  327.  drocyanic  acid. 

*  Nivet  and  Girard:  Gaz.  hebd.  d.  'Pharm.  f.  and  Tr.,  1865-6,  n.  s., 

m^d.,  1S61,  viii.,  499.                             '  vii.,  244,  335. 
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Lethal  Dose. — The  lethal  doses  of  "veratria"  or  of  the  pure 
alkaloids  for  man  are  not  known.  It  is  probably  relatively 
high.  In  two  of  the  three  reported  veratria  poisonings,  in  which 
0.3  and  0.2  gm.  (4  and  3  grains)  were  recovered  from,  the  action 
of  the  alkaloids  was  compHcated  by  that  of  the  other  ingredients 
of  the  liniment.  In  the  third  (in  1851)  the  veratria,  of  which 
29  grains  (1 . 9  gm.)  in  alcohol  failed  to  cause  the  death  of  a  man, 
was  a  mixture  of  alkaloids. 

Excluding  the  cases  above  mentioned,  we  find  reference 
to  biit  six  fatal  veratric  poisonings.  A  child  of  one  and  a 
half  years  died  from  the  effects  of  thirty-five  drops  of  the  tinc- 
ture, given  in  divided  doses.  ^  A  woman  died  from  the  effects 
of  a  teaspoonful  of  the  tincture,  given  by  mistake  of  the  nurse. ^ 
The  same  quantity  of  the  tincture,  similarly  administered  to 
a  man  suffering  from  typhoid  fever,  was  a  contributory  cause  of 
his  death.'  A  woman  of  fifty  years  is  said  to  have  died  in  four 
weeks  from  the  effects  of  seventy  drops  of  Tilden's  fluid  extract.* 
In  another  fatal  case  the  patient,  a  man,  took  "a  drink"  of  the 
tincture  in  mistake  for  whisky,^  and  in  still  another  an  aged 
man  swallowed  a  medicine  intended  for  external  use.^ 

On  the  other  hand,  large  doses  have  been  taken  without 
fatal  result.  A  man  took  four  teaspoonfuls  of  Norwood's  tinc- 
ture in  two  doses,  having  mistaken  the  directions.  He  began 
to  vomit  and  became  very  weak  in  half  an  hour  after  the  second 
dose,  but  recovered  without  any  unusual  symptoms.^  A  man 
recovered  from  the  effects  of  half  an  ounce  of  powdered  white 
hellebore  taken  in  mistake  for  cream  of  tartar,  although  emetics 
and  enemata  were  only  administered  four  hours  later.*  Wood 
and  Westmoreland^  cite  several  instances  of  tolerance  of  large 


Duration. — Death  from  veratrum  viride  may  occur  in  less 
than  an  hour,  as  in  Walmsley's  case  above  referred  to.  Usu- 
ally it  is  delayed  for  a  longer  period.  The  aged  man  mentioned 
above  died  in  two  hours.     In  Kirk's  case  a  man  died  in  four 

,  'Harris:  Best.  M.  and  S.  J.,  1865,  =  Kirk:  M.  and  S.  Reptr.,  Phila., 

I'txii.,  249.  1879,  xL,  372,  xli.,  63. 

'  Walmsley:  N.  Orl.  M.  and  S.  J.,  "  Lancet,  1904,  i.,  42. 

1884-85,  n.  s.,  xii.,  256.  'Tuttle:    New   York   M.    Journ., 

'Horwitz:  Phila.  M.  Times,  1883-  1892,  Iv.,  691. 

84,  XIV.,  863.  »  Giles:  Lancet,  1857,  ii.,  9. 

'Johnson:    Buff.    M.   and    S.    J.,  "Atlanta  M.  and  S.  J.,  1866-67, 

1866-7,  vi.,  133.  vii.,  251. 


1076  TOXICOLOGY WITTHAUS. 

hours  from  the  effects  of  "a  drink"  of  the  tincture  (which  may 
have  been  a  mouthful  or  a  tumblerful).  In  Harris'  case  a  young 
child  died  in  thirteen  hours.  In  Johnson's  case  a  woman  died 
after  four  weeks  of  "continuous  vomiting,"  following  the  in- 
gestion of  a  dose  of  seventy  drops  of  the  fluid  extract. 

Symptoms. — These  usually  appear  within  twenty  minutes, 
but  may  be  delayed  for  an  hour  or  more,  and  are  referable 
partly  to  the  action  of  the  poison  upon  the  terminations  of 
motor,  sensory,  and  secretory  nerves,  and  partly  to  its  action 
upon  the  central  nervous  system.  There  is  severe  burning  pain 
in  the  stomach,  and  a  sensation  in  the  bowels  as  if  they  were 
being  tied  with  a  cord,  continually  tightening;  the  tongue  is 
swollen,  the  throat  feels  as  if  scalded  with  hot  water,  deglutition 
is  difficult,  and  the  patient  suffers  from  thirst.  Nausea  is  in- 
tense, vomiting  is  severe  and  persistent,  and  the  purging  which 
occurs  later  is  attended  with  tenesmus.  The  skin  is  reddened 
and  affected  with  an  unbearable  itching  and  continual  tingHng 
sensation.  Sneezing  is  said  to  occur,  although  in  Blake's  case 
it  was  absent,  nor  do  we  find  it  referred  to  in  other  reports,  and 
also  salivation,  lachrymation,  and  running  from  the  nose.  The 
patient  is  restless,  in  fear  of  impending  death,  becomes  greatly 
prostrated,  has  attacks  of  vertigo  and  of  severe  dyspnoea,  dur- 
ing which  he  gasps  for  breath,  and  the  respiration,  which  is 
shallow  and  superficial,  sometimes  fails  entirely.  The  pupils 
are  dilated,'  but  not  widely,  and  at  times  there  is  entire  loss  of 
perception  of  light.  The  temperature  is  subnormal.  The  pulse 
becomes  feeble,  small,  thready,  and  rapid,  and  imperceptible  at 
the  radial.  Death  may  occur  in  collapse,  suddenly  from  heart 
failure,  as  in  Walmsley's  case,  in  which  the  patient,  while  ap- 
parently improving,  suddenly  called  out  "I  cannot  breathe,"  and 
lost  consciousness.  No  pulse  was  perceptible  at  the  radial,  and 
no  heart  sound  was  audible,  and  after  one  or  two  slight  efforts 
at  respiration  the  patient  was  dead  in  spite  of  intravenous 
injection  of  ammonia.  Or  death  may  be  due  to  exhaustion 
from  persistent  and  long-continued  vomiting  and  prostration, 
as  in  Johnson's  case.' 

'  In  Blake's  case  they  were  con-  prakt.  Heilk.,  1827,  Ixiv.,  5  Stuck, 

traeted,  but  the  liniment  also  con-  42  (family  of  eight,  V.  album.  A., 

tained  opium.  R.).     Mclntyre:  Chicago  M.  Exam., 

'  For  cases  of  veratric  poisoning  1861,  ii.,  200  (F.,  3,  A.,  R.,  V.  viride). 

not  referred  to  see   Wagner:  J.  d.  Bias:  Verb.  d.  naturf.  Ges.  z.  Frei- 
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Treatment. — Evacuation  of  the  stomach  is  usually  not 
called  for,  but  if  eniet^is  have  not  occurred  spontaneously  it 
should  be  provoked  by  tepid  water  in  large  amount,  or  the 
stomach  should  be  washed  out.  Aromatic  spirits  of  ammonia 
by  the  mouth  serves  the  double  purpose  of  a  stimulant  and  to 
prevent  the  formation  of  the  readily  soluble  chlorids  of  the 
alkaloids.  Warm  drinks  and  warmth  externally  are  indicated 
to  raise  the  body  temperature.  Stimulants  should  be  given 
and  the  patient  kept  flat  on  the  back.  Should  the  respiration 
fail,  artificial  respiration  should  be  resorted  to.  Opium  may 
be  given  to  quiet  the  pain  and  vomiting- 

Post-mortem  Appearances. — These  have  been  entirely 
negative  in  such  observations  as  have  been  made  in  the  human 
subject. 

Detection. — Cevadin,  veratrin,  and  jervin  pass  from  acid 
aqueous  liquids  into  chloroform,  and  in  the  systematic  process 
are  found  in  residue  III  (p.  162).  Cevadin  and  veratrin  are  also 
extracted  from  alkaline  liquids  by  benzene  and  in  traces  by 
petroleum  ether. 

The  residue  first  obtained  may  be  purified  if  necessary  by 
solution  in  dilute  acetic  acid,  filtration,  alkalization  of  the 
filtrate,  and  extraction  with  benzene. 

Test  for  Veratria.' — 1.  Veratria  dissolves  in  concentrated 
sulfuric  acid,  forming  a  yellow  solution  having  green  fluorescence, 
which  gradually  reddens  through  orange,  cherry-red  to  dark 
carmine-red.  If  the  yellow  solution  be  heated,  or  if  bromin 
water  be  added  to  it,  the  red  color  is  immediately  developed. 
Similar  colors  are  produced  by  veratrin  with  Erdmann's  reagent 
(p.  174),  Frohde's  reagent,  and  sulfovanadic  acid.  The  reaction 
is  sensitive  to  0 . 1  mgm. 

Many  other  substances   give   a  red  color   immediately  with 

burg,  1861,  173  (veratria,  not  seen).  78,  n.  s.,  v.,  .38  (M.,  30,  A.,  R,,  3  iiss 
Edwards:  M.  Times  and  Gaz.,  1863,  Tr.  V.  viride  in  7  hours).  Green- 
n.  s.,  i.,  5  (M.,  ad.,  experiment,  R.,  well:  Cine.  Lane,  and  CL,  1885,  n.  s., 
V.  viride).  Buckingham:  Am.  J.  xv.,  736  (F.,  ad.,  A.,  R.,  11x80  Tr. 
M.  Sc,  1865,  n.  s.,  i.,  563  (2  cases,  V.  viride).  Pedigo:  Va.  M.  Mthly, 
R-,  fl.  extr.  V.  viride).  Craig:  1889-90,  xvi.,  426  (M.,  4,  A.,  R.,  V. 
Richm.  and  Louisv.  M.  J.,  1869,  viride,  plant).  Furth:  Med.  Kim., 
viii.,237(M.,29,A.,R.,Indianpoke).  1905,  i.,  330  (M.  15,  R.,  seeds  V. 
Pleischmann:Prag.  med.  Wchnschr.,  album).  Boss:  Cleveland  M.  J.,  190b, 
1876,i.,  189(M.,  3.A.,R.  Tr.  V.  viri-  v.,  364  (M.  ad.,  R.,  "  veratrum  ). 
de). Mason:  Tr.  M.  Assoc.  .\la.,  1877,  'Contains  both  cevadm  (crystal- 
180  (F.,  16,  A.,  R.,  Norwood's  tr.).  lized  veratrin)  and  veratrm  (amor- 
Bailey:  N.  Orl.  M.  and  S.  J.,  1877-  phous  veratrin). 
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concentrated  sulfuric  acid.  The  following  give  a  yellow  color 
changing  to  red  with  sulfuric  acid:  grandiflorin,^  which  differs 
from  veratrin  in  being  colored  purplish  by  nitric  acid,  and  in  not 
giving  the  hydrochloric-acid  reaction  (No.  2).  Heliotropin 
(cynoglossin)  is  not  only  colored  yellow,  changing  very  slowly 
to  red  by  sulfuric  acid,  but  also  gives  a  lilac  color  with  hydro- 
chloric acid.  It,  however,  exerts  a  curare-like  action  on  frogs, 
causing  arrest  of  respiration,  while  the  heart  continues  to  beat, 
and  muscular  paralysis  (see  No.  5  below).  Sabadin,'  which 
also  possesses  the  sternutatory  power  of  veratin,  but  is  not 
colored  by  nitric  acid  and  does  not  give  the  hydrochloric-acid 
reaction  (No.  2).  The  red  color  with  sulfuric  acid  subsequently 
changes  to  violet.  Phlorrhizin,^  .which  is  also,  colored  dark  red 
when  heated  alone  to  200°  (392°  F.),  is  without  physiological 
action,  and  does  not  give  the  hydrochloric-acid  reaction.  Atisin^ 
is  colored  yellow  by  sulfuric  acid,  changing  to  a  brilhant  purple, 
which  lasts  for  several  days.  It  is  colored  yellow,  changing  to 
reddish  and  then  to  carmine  by  sulfuric  acid  and  sugar.  It 
remains  colorless  with  hydrochloric  acid. 

2.  Veratria  dissolves  in  concentrated  hydrochloric  acid, 
forming  a  colorless  solution,  but  if  this  be  boiled  for  a  minute 
or  two  it  forms  a  beautiful  red  liquid  which  retains  its  color  for 
weeks.  Sensitive  to  0.17  mgm.  According  to  Dragendorff, 
syringin,  sanguinarin,  and  rhceadin  give  red  solutions  with 
hydrochloric  acid,  but  in  the  cold,  and  the  color  of  the  first  two 
is  discharged  by  heat. 

3.  If  veratria  be  mixed  with  three  to  four  times  its  weight 
of  cane-sugar  and  the  mixture  moistened  with  concentrated 
sulfuric  acid,  it  is  colored  first  yellow,  then  after  a  time  dark 
green,  then  blue,  and  finally  dirty  violet  (Weppen's  reaction). 

Or  this  (furfurol)  reaction  may  be  obtained  by  dissolving 
the  alkaloid  in  concentrated  sulfuric  acid,  and  adding  a  drop  of 
furfurol  solution  (2  drops  furfurol  to  1  c.c.  water),  when  a  dark 
green  color,  changing  to  dark  blue-violet,  is  produced  (Brasche). 

4.  Veratria  behaves  hke  atropin  with  Vitali's  reaction  (see 
p.  888). 

'  An  alkaloid  of  Solarium  grandi-  '  A  glucosid  existing  in  the  bark 

flora,  the  "  wolf-fruit"  of  Brazil.  of  apple,  pear,  cherry  trees,  etc. 

^  An  alkaloid  accompanying  vera-  '  An  alkaloid  from  Atis  root  (aco- 

trin  in  sabadilla  seeds,   but  not  in  nitum). 
veratrum. 
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5.  If  a  solution  of  veratrin  or  of  cevadin  be  injected  into  the 
abdominal  cavity  or  into  a  lymph-heart  of  the  frog,  there  occur 
movements  as  of  vomiting,  the  heart's  action  rapidly  diminishes  in 
frequency  to  10  or  15  per  minute,  and  spasmodic  contractions 
of  the  muscles  are  observed. 

Tests  for  Jervin. — Jervin  with  Weppen's  reaction  (see  No.  3 
above)  is  colored  golden-yellow,  darkening  to  brown.  It  is  colored 
yellow  by  sulfuric  acid,  passing  to  yellowish-green,  green,  and 
brown.  Hydrochloric  acid  at  first  remains  colorless,  afterward 
pink.  It  may  be  distinguished  and  separated  from  veratria 
by  taking  advantage  of  the  fact  that  its  sulfate  and  nitrate  are 
very  sparingly  soluble  in  water  containing  an  excess  of  acid 
(sulfate  in  427  parts,  nitrate  in  1200  parts).  Pseudojervin  is 
colored  green  by  sulfuric  acid. 

Veratrin-like  Ptomains. — In  1878,  Brouardel  and  Boutmy' 
obtained  from  a  human  cadaver  which  had  been  in  large  part 
converted  into  adipocere  by  lying  partly  in  water  for  eighteen 
months  a  substance  which  passed  from  alkaline  solution  to  ether, 
gave  a  violet  color  when  heated  with  sulfuric  acid,  and  a  red  color 
when  heated  with  hydrochloric  acid.  It  did  not,  however,  give 
the  physiological  reaction  with  frogs,  but  reduced  ferric  salts, 
which  the  veratrin  alkaloids  do  not  do.  Delezinier^  finds  this 
substance  to  be  an  oxidizable  oil,  very  sparingly  soluble  in  water, 
whose  resemblances  to  veratrin  are  only  shown  in  presence  of  air. 
Bechamp'  found  among  the  products  of  gastric  digestion  of  fibrin  a 
basic  substance  which  gave  a  brilliant  red  color  with  sulfuric 
acid.  Stuber*  obtained  from  the  cadavers  of  rats  which  died  in 
the  hold  of  an  infected  ship,  whose  cargo  contained  cotton-seed 
oil  and  maize,  a  yellowish,  amorphous  substance  which  with 
sulfuric  acid  was  colored  yellowish-brown,  changing  to  orange 
and  violet;  and  with  hydrochloric  acid  when  heated,  a  fine  cherry- 
red.  It  did  not,  however,  respond  to  Weppen's  reaction,  had 
no  irritating  or  sternutatory  action  on  the  nasal  mucous  mem- 
brane, and  did  not  produce  spasms  in  frogs. 

'Moniteur  scient.,  1878,  3  s.,  x.,  sBerichte,  Berl.,  1882,  xv.,  1584. 

1140.  «Ztschr.  f .  Unt.,  d.  Nahr.-  u.  Gen.- 

'BuU.Soo.Chim.,1889,3s.,i.,  178.       Mitt.,  1903,  vi.,  1137. 


GLUCOSIDAL  POISONS.' 

DIGITALIS. 

The  investigations  of  many  chemists  and  pharmacologists, 
Homolle,  Quevenne,  Nativelle,  Walz,  Schmiedeberg,  Kihani, 
Amand,  and  others  of  later  date,  have  failed  to  render  the 
chemistry  of  the  active  principles  of  foxglove  {Digitalis  purpurea) 
entirely  satisfactory.  This  much  seems  to  be  established, 
however,  that  it  contains  at  least  fom"  glucosids,  which  exist  in 
different  proportion  in  different  samples  of  commercial  "digi- 
taline."  Considerable  confusion  has  also  been  created  by  appli- 
cation of  the  same  name  to  substances  apparently  different. 

Digitonin  crystallizes  from  eighty-five  per  cent,  alcohol,  but 
separates  from  its  solution  in  more  concentrated  alcohol  as  an 
amorphous  solid.  In  the  amorphous  condition  it  is  very  soluble 
in  water,  but  it  is  almost  insoluble  when  crystalline;  sparingly 
soluble  in  alcohol,  not  soluble  in  ether,  chloroform  or  benzene. 
It  is  decomposed  by  heating  with  dilute  hydrochloric  acid  into  a 
crystalline  derivative,  digitogenin,  galactose  and  dextrose. 
According  to  KUiani  and  others  digitonin  is  valueless  medicin- 
ally. It  is  the  chief  constituent  of  "amorphous"  or  "soluble" 
digitaline  and  of  the  German  "digitalinum  crystallizatum "  or 
"digitalinum  verum."  Merck's  "crystalline  digitaline,"  to 
which  the  formula  C27H4jOi4  +  5H,0  is  assigned,  is  identical  with 
crystallized  digitonin. 

Digitalin  (Schmiedeberg's)  is  a  colorless  or  yellowish,  amor- 
phous solid,  or  separating  from  alcoholic  solution  in  nodular 
masses;  almost  insoluble  in  cold  water,  somewhat  more  soluble 
in  warm  water,  easily  soluble  in  chloroform  and  in  a  mixture 
of  chloroform  and  absolute  alcohol,  sparingly  soluble  in  ether; 
readily  soluble  in  warm,  dilute  acetic  acid.  This  glucosid, 
which  possesses  the  action  of  digitalis  upon  the  heart,  is,  accord- 
ing to  Schmiedeberg,  the  principal  constituent  of  "French"  or 
"Homolle's  digitaline." 

Digitoxin    (Schmiedeberg)    is   the   digitalin  of   Amand  and 

'  Glucosids  are  ether-like  bodies,       sis,  into  a  carbohydrate  and  a  cyclic 
decomposable,  usually  by  hydroly-      component. 
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of  Nativelle.  It  crystallizes  in  fine  needles,  which  fuse  at 
243°-246°,  and  is  soluble  in  water  to  the  extent  of  0.65  part  in 
100,  and  is  also  dissolved  by  boiling  benzene.  It  dissolves 
sparingly  in  cold  benzene,  ether,  and  chloroform,  by  which  it  is 
extracted  from  acid  aqueous  liquids.  It  hydrolyzes  to  a  hexose, 
digitalose,  and  digitoxigenin.  It  is  the  most  active  of  the  digitalis 
glucosids,  is  poisonous  in  minute  dose,  and  causes  dilatation  of 
the  pupil.  It  is  the  chief  constituent  of  "  Nativelle's  digitaline."' 
Cloetta's  digalen^  is  an  amorphous  substance,  having  the  same 
chemical  composition  as  digitoxin,  which  it  resembles  in  its 
physiological  action  and  in  giving  the  Keller  reaction,  but  from 
which  it  differs  in  physical  properties. 

Digitalein  is  an  amorphous,  intensely  bitter  glucosid,  soluble 
ill  water  and  alcohol,  sparingly  soluble  in  ether,  chloroform  and 
benzene,  and  is  an  active  heart  poison.^ 

Other  Cardiac  Glucosids. — Several  plants  other  than  digitalis 
purpurea  contain  glucosids  having  an  action  upon  the  heart 
similar  to  that  of  the  digitalis  glucosids :  Strophanthin,  C^oHeeOig  + 
9H2O,  from  Strophanthus  Kornbe,  a  yellowish,  amorphous  or 
crystalline  powder,  very  bitter,  soluble  in  water  and  in  alcohol, 
almost  insoluble  in  ether,  chloroform  or  benzene.  G.  Strophan- 
thin (Thorns),  CgoH^oOij,  from  S.  gratus,  crystallizes  in  colorless 
plates,  soluble  in  100  water,  30  alcohol  or  amylic  alcohol,  slightly 
soluble  in  ether  or  chloroform,  identical  with  ouabain,  from  the 
ouabaia  root.  Antiarin  (Bohringer),  C37H42O10  +  4H2O,  from 
Antiaris  toxicaria  (the  upas  tree),  and  existing  in  a  Javanese 
arrow-poison.  Colorless  crystals,  soluble  in  254  water,  slightly 
soluble  in  benzene,  almost  insoluble  in  ether,  hydrolyses  to 
antiarigenin  and  antiarose,  a  pentose.  Other  glucosids  belong- 
ing to  this  class  are  helleborein,  from  Hellebonis  niger  (black 
bear' s-f cot),  oleandrin  and  neriin,  from  Nerium  oleander, 
scillitoxin,  from  Urginea  maritima  (squills),  adonidin,  from 
Adonis  vernalis  (false  hellebore) ,  and  an  unnamed  glucosid  from 
Tanghinia  venenifera,  a  Madagascar  ordeal  poison.  Erythro- 
phloein,  from  Erythrophloeum  guinense  (sassy  bark)  is  an  alka- 
loid having  a  similar  action,  as  have  also  apocynin  and  echujin, 
from  African   arrow-poisons,    which   are   neither    glucosids   nor 

'For  examinations  of  commercial  ^  Munch,  med.   Wchnschr.,    1904, 

digitalines"      see      Lafon:      Ann.  li.,  1466.                           ,      ^       ,„„, 

dhyg.,  1886,   3  s.,  xv.,    527;  xvi.,  =See  Hondas:  C.  r.  Ac.  Sc,  1891, 

*29,  506.    These,  Paris,  1886.  cxiii.,  684. 
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alkaloids.     The  relative  toxicity  of  these  giucosids  has  been 
determined  in  terms  of  ouabain.^ 

Blyth^  refers  to  the  case  of  a  man  in  India  who  attempted 
suicide  with  the  expressed  juice  of  oleander,  and  Wateff'  to  a 
non-fatal  poisoning  by  a  decoction  of  oleander  leaves. 

DIGITALIS  POISONING. 

Poisonings  by  digitalis  are  not  of  frequent  occurrence,  and 
reported  cases  are  for  the  most  part  non-fatal  medicinal  poison- 
ings. We  find  mention  of  nine  attempts  at  suicide,  all  but  one,* 
of  which  were  unsuccessful.  In  four  of  these  "digitaline  gran- 
ules" were  taken, ^  two  drank  of  the  tincture,*  and  one  swallowed 
a  preparation  intended  for  external  use.' 

Excluding  the  case  of  a  quack,  tried  for  manslaughter  for 
having  caused  the  death  of  a  boy  by  giving  him  seven  ounces 
of  a  strong  decoction  of  digitalis,*  we  find  record  of  but  one 
homicidal  poisoning  by  digitalis,  that,  however,  a  cause  ci- 
lebre.  In  1864  a  homoeopathic  physician  in  Paris,  La  Pom- 
merais,  was  convicted  of  the  murder  of  a  widow,  de  Pauw,  in 
whose  death  he  had  a  pecuniary  interest.  It  was  proven  that 
the  defendant  had  purchased  and  used  an  inordinate  quantity 
of  digitaline;  the  deceased  had  died  after  an  iUness  marked 
with  symptoms  such  as  are  produced  by  that  poison;  no  natural 
cause  of  death  was  found  at  the  autopsy;  and  extracts  from  the 
viscera  of  the  deceased  and  from  scrapings  of  the  floor  where 
she  had  vomited,  when  administered  to  animals,  caused  vomit- 
ing, diminution  in  the  rapidity  of  and  intermittence  in  the 
heart's  action,  marked  prostration,  and  death.* 

'Hatcher  and   Brodie:  Amer.   J.  ^Jeanton:  Gaz.    d.    hop.,    1885, 

of  Pharm.,  1910,  Ixxxii.,  360.     See  Iviii.,  441.     Darezac:  J.  d.  m^d.  de 

also:  Straub:  Ztschr.  f.  exp.  Path.  u.  Bordeaux,  1SS2-&3,  xii.,  567. 

Ther.,  1905,  i.,  489.     Trendelenburg:  'Bull.     gto.     d.     th^rap.,    1848, 

Arch.  f.  exp.  P.  u.  P.,   1909,   Ixi.,  xxxv.,  418.     In  the  remaining  case 

262.      Krailsheimer:     Ibid.,     1910,  the  preparation  is  not  stated.     Reid: 

Ixii.,  296.  Mass.  Eccl.  M.  J.,  1883,  iii.,  166. 

"  "Poisons,"  4th  ed.,  p.  449.  «  Edinb.  M.  and  S.  J.,  1827,  xxvii., 

"  Deut.    med.    Wchnschr.,    1901,  223. 

xxvii.,  801.  'Tardieu  andRoussin:  "Relation 

*  Pharm.  J.,  1908,  4  s.,  xxvii.,  533,  m6d.-l^g.     de    I'Aff.      Couty  de  la 

"a  preparation."  Pommerais,"  Paris,  1864,  also  "Em- 

°Heer:  J.    d.    chim.    m6d.,    etc.,  poisonnement,"  2eme  ed.,  809,  Ann. 

1858,  4  s.,  iv.,  S5.     Mawer:  Lancet,  d'hyg.,   1864,   2  s.,   xxii.,   80.     Gal- 

1880,     i.,     166.     B^renger:  France  lard:  Union  m6d.,  1864,  xxii.,  263, 

m^d.,     187S,     XXV.,     233.     Dubuc:  296,  307,  322,  347. 
Gaz.  d.  hop.,  1865,  xxxviii.,  238. 
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Lethal  Dose. — It  is  not  possible  at  present  to  fix  the  mini- 
mum lethal  dose  of  digitalis  or  even  of  digitalin.  This  is  partly 
because  of  the  great  variations  in  the  strength  of  the  pharmaco- 
pceial  preparations  of  the  former'  and  in  the  composition  of  com- 
mercial samples  of  the  latter;  and  partly  because  of  the  peculiar 
cumulative  action  of  this  poison,  and  the  tendency  of  even 
slight  causes  to  precipitate  a  fatal  termination  in  patients  under 
its  influence.^  The  danger  of  a  sudden  outbreak  of  toxic  symp- 
toms during  repeated  administrations  is  well  known  to  physi- 
cians, and  death  has  resulted  suddenly  from  the  effects  of  half 
an  ounce  of  an  infusion  administered  in  repeated  doses  during 
three  days.^  A  recruit  also  died  suddenly  from  the  effects  of 
repeated  doses  of  digitalis  which  he  had  taken  to  simulate  ill- 
ness and  thus  avoid  military  service.^ 

Duration. — Digitalis  is  rarely  rapidly  fatal.  Yet  Viallet^ 
has  reported  the  death  of  a  woman  of  seventy-nine  years,  which 
occurred  suddenly  in  forty-five  minutes  after  she  had  taken  20 
to  25  gm.  of  tincture  of  squills  and  digitalis.  In  two  other 
cases  death  has  followed  the  ingestion  in  less  than  twenty-four 
hours."  In  other  fatal  cases  the  duration  has  been  from  five  to 
twelve  or  sixteen  days.' 

Method  of  Action. — Digitalis  and  its  glucosids,  notably 
digitoxin,  exert  a  local  irritating  action,  causing  burning  and 
pain  at  the  seat  of  hypodermic  injection,  and  nausea,  vomiting, 
abdominal  pain  and  diarrhoea  when  swallowed.  The  most 
important  action  of  the  digitalis  glucosids,  which  is  common  to 
all  of  the  members  of  the  group*  in  varying  degrees,  is  upon  the 

'See  Ziegenbein:  Arch.  d.  Pharm.,  *  Kohnhorn:     Vrtljschr.     f.    ger. 

1902,  ccxl.,  454.    Focke:  Ihid.,  1903,  Med.,  1876,  n.  F.,  xxiv.,  278. 

cc3di.,  128,  669;  Deut.  aerztl.  Ztg.,  ^  Bull.  Soc.  d'anat.,  Paris,   1849, 

1904,  273,  291;  Therap.  d.  Gegenw.,  xxiv.,  89. 

1902,  n.  F.,  iv.,  44;  1904,  n.  F.,  vi.,  "  Hall:  Canada    M.    J.,    1865,    i., 

527.  Wolff:  Ibid.,   p.    526.    Buhrer:  353.     Edin.   M.   and   S.   J.,   xxvii., 

Cor.-Bl.  f.  Schweiz.  A.,  1900,  xxx.,  223. 

622.  Fraenkel:  Therap.  d.  Gegenw.,  '  Edward:  Lancet,    1849,    ii.,    31 

1902,  ii.F.,iv.,  106.     Hart:  Pharm.  (5     days).     Mazel:  Gaz.     d.     hop., 

J.,  1908,  4  s.,  xxvi.,  440.     Schmiede-  1864,  xxxvii.,  301(5  days) .     Causs^ : 

berg:  Arch.  f.  exp.,  P.  u.  P.,  1910,  Ann.  d'hyg.,    1859,    2    s.,    xi.,    464 

'hi.,  305.  (12      days).     Hirn:    "Experience," 

*  Fraenkel:  Arch.  f.  exp.  P.  u.  P.,  Paris,     1839,    iii.,     393     (12    days). 

1903-4,    li.,    84;    1907,    Ivii.,    130.  Duroziez:  Union  m^d.,   1879,   3  s., 

Uoetta  u.  Fischer:  76td.,  1906,  liv.,  xxvii.,  991.    (16  days.     Death  from 

^"f  digitalis  or  uraemia). 

Armstrong:     Med.    Times    and  '  See  p.  1081. 
Gaz.,  1860,  Oct.,  417. 
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heart  and  arterioles.  The  cardiac  action  takes  place  in  two' 
stages.  The  first  is  characterized  by  marked  inhibitory  adtion 
due  to  stimulation  of  the  vagi,  both  centrally  in  the  medulla  and 
peripherally  in  the  heart,  causing  slowing  of  the  entire  heart's 
action,  with  more  coniplete  contraction  of  the  ventricles,  and 
their  more  complete  diastolic  relaxation.  The  systolic  pressure 
is  increased,  and  its  fall  is  slower  than  normal,  because  of  the 
increased  completeness  and  duration  of  the  systole.  The  output 
of  the  ventricle  in  unit  time  is  increased,  and,  as  contraction  of 
the  arterioles  also  occurs,  the  combination  of  increased  volume 
and  increased  resistance  results  in  increased  pressure  in  the 
aortic  circulation.  But  if  the  inhibition  be  very  pronounced  the 
slowing  of  cardiac  action  may  be  such  that  the  ventricular  output 
may  be  subnormal,  when  the  aortic  pressure  and  the  rapidity 
of  circulation  diminish.  The  ventricular  and  auricular  rhythms 
remain  in  unison,  but  the  normal  relations  of  the  two  are  lost. 
During  the  second  stage  the  irritability  of  the  heart  muscle  is 
increased  and  the  activity  of  the  inhibitory  mechanism  is 
diminished;  the  action  of  both  ventricles  and  auricles  is  acceler- 
ated, and  the  lack  of  unison  between  them  is  pronounced,  with 
resulting  irregularities.  The  systemic  blood  pressure  at  first 
remains  high,  or  may  even  exceed  that  of  the  first  stage,  but  later 
falls.  With  lethal  doses  the  auricles  usually  cease  before  the 
ventricles,  but  not  always.  Each  chamber  is  arrested  in  a. 
position  nearer  to  diastole  than  to  systole,  and  finally  dilates 
to  its  utmost  capacity.  Some  of  the  glucosids,  e.g.,  digitoxin  and 
digitalin,  cause  increased  pressure  in  the  pulmonary  artery, 
parallel  to,  but  less  than,  in  the  carotid,  while  others  do  not." 

'According   to    some    writers    in  293.     Bayet:  J.    de    mM.,    Brux., 

three  or  four.  1891,     xcii.,     S.     Cushny:    J.    exp. 

■'  Bohm:  Pflijg.    Arch.,    1872,    v.,  Med.,   1897,   ii.,   233.     Frank:  C.  r. 

153.     Koppe:  Arch.  f.  exp.  P.  u.  P.,  Soc.  de  bioL,   1897,   10  s.,  iv.,  111. 

1875,    m.,      274.     Wilhams:     Ibid.,  Fraenkel:  Arch.   f.    exp.,   P.   u.  P., 

1881,  xiii.,    1.     Kaufmann:  Rev.  de  1898,     xl.,     -10.     Braun    u.    Mager: 

m4d.,    1884,    iv.,    381.     Talma    u.  Sitzb.  d.  k.  Akad.  d.  Wiss.,  Math.- 

VanderWeyde:  Ztschr.  f.  kl.  Med.,  Nat.  CI.,  1899,   cviii.,  471.     Heinz: 

1885,     IX.,     280.       RoUeston:  J.  of  Verh.  d.  xviii.,  Kongr.  f.  inn.  Med., 

Physiol.,    1887,    viii.,    235.     Dreser:  1900,  531.  Gottlieb:  /6id.,  xix.,  1901, 

Arch.  f.  exp.  P.  u.  P.,  18SS,  xxiv.,  21.     Gottlieb     u.     Magnus:    Arch. 

236.     Openchowski:  Ztschr.    f.    kl.  f.  exp.  P.  u.  P.,  1901-2,  xlvii.,  135; 

Med.,    1889,    xvi.,    201;    Berl.    kl.  1903,  li.,  30.     SahU:    Ibid.,    p.    45. 

Wchnschr.,    1904,    xli.,  1045.    Heu-  Arnold  and  Wood:   Am.  J.  M.    So., 

bel:  Pfliig.   Arch.,    1889,   xlv.,   462.  1900,  n.  s.,  cxx.,  165.     Jacobj:Arch. 

Gagho:  Rif.    med.,    1890,    i.,    740.  f.  exp.   P.    u.  P.,    1900,    xliv.,  368. 

Hammeter:  Med.    Rec,    1891,    xl.,  Staub:  Ibid.,  1901,  xlv.,  376;  Ztschr. 
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The  respiratory  quotient  is  at  first  increased  and  later  diminished.' 
The  digitalis  glucosids  are  hjemolytic.^  The  diuretic  action  of 
digitalis  is  directed  chiefly  to  water  and  salts. ^  It  seems  to 
have  no  irritating  action  upon  the  renal  cells.* 

Symptoms. — The  symptoms  produced  by  digitalis  are  re- 
ferable partly  to  its  action  upon  the  heart,  and  partly  to  that 
upon  the  stomach  and  bowels,  one  or  another  phase  predominat- 
ing at  different  periods  of  the  poisoning  and  in  different  cases. 

Within  a  quarter  to  half  an  hour  after  a  single  toxic  dose  has 
been  taken  a  sense  of  stiffness,  fatigue,  sleepiness,  and  pain  in 
the  head  are  experienced.  Soon  there  are  violent  vomiting,  ac- 
companied by  pain  in  the  stomach,  nausea,  attacks  of  vertigo 
and  syncope,  while  the  headache  becomes  more  violent.  The 
heart  beats  rapidly  and  violently,  and  there  is  a  sense  of  suffo- 
cation. The  pulse,  however,  rapidly  diminishes  in  frequency, 
and  becomes  intermittent,  irregular,  small,  and  difficult  to  count. 
Visual  disturbances  begin  early  in  the  case;  dimness  of  vision 
is  usual,  and  oscillation  and  apparent  inclination  of  surround- 
ing objects,  and  modifications  of  color  perception  have  been 
experienced.  The  pupils  are  usually  dilated.  There  may  be 
violent  delirium;  and  epileptiform  convulsions  have  occurred. 
In.  some  instances  there  has  been  suppression  of  urine.  Death 
may  occur  in  coma  or  in  convulsions,  but  more  usually  suddenly, 
from  syncope  provoked  by  some  slight  movement. 

Treatment. — If  the  case  be  seen  early  the  stomach  is  to 
be  evacuated  or  emesis  favored  by  large  draughts  of  tepid  water. 
In  a  more  advanced  stage,  however,  the  persistent  vomiting 
should  be  checked  by  avoidance  of  too  much  drink,  by  ice 
fragments  or  by  small  quantities  of  opium  or  cocain.     The  ten- 

f.  exp.  P.  u.   Ther.,    1905,    i.,   489.  Ihid.,  p.  413.     Nestor:  Arch.  int.  de 

Hofmann:Pflug.  Arch.,  1901,lxxxiv.,  pharmacod.,  1908,  xviii.,  117.     Mag- 

UO.    Neu:  Diss.,  Heidelberg,  1902.  nus  and  Sowton:   Arch.  f.  exp.  P.  u. 

Loeb:  Arch.  f.  exp.  P.  u.  P.,  1903-4,  P.,  1910,  Ixiii.,  255. 

li.,  69.     Brandenburg:  Ztschr.  f.  kl.  '  Zerner:    VVien.    kl.    Wchnschr., 

Med.,    1904,     liii.,     255.     Pletnow:  1891,  iv.,  679,  702. 

Ztschr.  f.  exp.  P.  u.  Ther.,  1905,  i.,  -  Bashford:  Arch.    int.    de    phar- 

80.    Sasaki:    Berl.    kl.    Wchnschr.,  macod.,  1901,  viii.,  105. 

1905,    Ivi.,     128.     Plumier:     J.     de  =  Le  Noir  and  Camus:  J.  de  phys., 

Pnysiol.,  etc.,  1905,  vii.,  455.     Ka-  etc.,  1903,  v.,  117. 


Arch.  int.  de  pharmacod.,  '  SoUmann:  J.  Am.  M.  Ass.,  1904, 

1905,   XV.,    20.     Fraenkel:    Munch.  xliii.,  1590.     See  also  Pfaff:  Arch.  f. 

med.   Wchnschr.,    1905,    lii.,    1537.  exp.  P.  u.  P,  1893,  xxxii.,  1.     Jon- 

^notak  u,  Lhota:  Arch.  f.  exp.  P.  u.  escu  u.  Loewy:  Ihid.,  1908,  lix.,  71. 
^■,  1907,  Ivii.,  350.     Huldschinsky: 
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dency  to  fatal  syncope  is  to  be  met  by  administration  of  whiskey 
or  nitroglycerin^  internally,  and  by  inhalation  of  amyl  nitrite. 
The  patient  should  be  kept  perfectly  quiet  in  bed,  and  should 
avoid  all  movements. 

Post-mortem  Appearances  are  entirely  negative,  except 
for  changes  in  the  microscopic  structure  of  ganglion  cells  in  the 
heart,  liver,  and  kidney.^ 

Detection. — The  glucosids  of  digitalis  appear  to  resist  the 
influence  of  putrefactive  changes  at  least  moderately  well.  In 
the  La  Pommerais  case  physiological  effects  were  obtained, 
which  were  undoubtedly  due  to  these  glucosids,  with  an  extract 
from  a  cadaver  which  had  been  buried  thirteen  days.  Brandt' 
obtained  both  the  physiological  and  chemical  reactions  with 
extracts  from  animal  material  mixed  with  digitalis  leaves  and 
with  digitalin,  which  had  putrefied  for  nearly  four  months. 
Lafon*  also  obtained  his  chemical  reaction  under  like  conditions 
for  periods  ranging  from  seven  days  to  a  little  over  four  months. 
On  the  other  hand,  he  failed  to  obtain  such  reaction  with  the 
cadavers  of  dogs  that  had  been  buried  for  six  and  seven  months.* 
He  also  found  that,  while  evidences  of  the  presence  of  digitalin 
could  be  obtained  shortly  after  death  by  that  poison,  from  the 
contents  of  the  alimentary  canal  and  from  the  vomit,  he  failed 
to  obtain  it  from  the  liver,  kidneys,  spleen,  brain,  blood,  or 
urine.  ^ 

In  the  systematic  method  of  extraction  (see  p.  160)  "digi- 
talin" is  extracted  by  benzene  and  by  chloroform  from  acid 
aqueous  solution.  The  process  cannot  be  abbreviated  when  digi- 
talin only  is  to  be  sought  for,  but  in  that  event  acetic  acid 
should  be  substituted  for  tartaric  in  the  first  extraction. 

Tests  for  the  Digitalis  Glucosids.— The  color  reactions  of  the 
digitalis  glucosids  are  apparently  neither  very  numerous  nor 
distinctly  characteristic.  They  all  depend  upon  the  formation 
of  colored  derivatives  by  oxidation  in  presence  of  sulfuric  acid. 

Grandeau's  reaction  consists  of  the  formation  of  a  green  solu- 
tion in  concentrated  sulfuric  acid,  which  turns  purple-red  on 

'  Taylor  and  Marshall:   Brit.  M.J.,  *  Loc.  cit,  p.  517. 

1899,  ii.,  1264.  s  Loc.  cit,  p.  443. 

^Klopotowsky:  Ctbl.  f.  inn.  Med.,  "  See  also:  Lavermann:  Arch.  int. 

1904,  XXV.,  479.  de    pharmacod.,     1897-8,    iv.,    71. 

'"Exper.   Studien   u.    d.   forens.  Garnier:  Ann.  d'hyg.,  1908,  4  s.,  ix., 

chem.  Nachw.  d.  Digitalins,"  etc.,  146. 
Diss.,  Dorpat,  1869,  p.  61. 
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addition  of  bromin-water.  Merck's  "  digitalinum  verum"  is 
colored  golden-yellow  by  sulfuric  acid  alone,  rapidly  turning  to 
blood-red  or,  by  addition  of  an  oxidant,  immediately  to  blood- 
red,  passing  to  purple-red.  Digitonin  is  colored  brown-red  by 
sulfuric  acid  alone. 

In  the  Kiliani-Keller  reaction  the  substance  is  dissolved 
in  glacial  acetic  acid  containing  a  trace  of  ferric  salt'  and  the 
solution  is  floated  upon  ferruginous  sulfuric  acid^  when  a  dark 
zone  is  formed  at  the  junction,  which  soon  becomes  a  blue  ring, 
and  in  half  an  hour  the  entire  acetic  layer  is  deep  indigo-blue. 
Digitonin  does  not  give  the  reaction. 

In  the  Brissemont-Derrien  modification  the  substance  is 
dissolved  (incompletely)  in  2  c.c.  of  a  mixture  of  30  c.c.  glacial 
acetic  acid  and  20  c.c.  of  a  four-per-cent.  solution  of  oxalic  acid 
after  treatment  of  the  mixture  with  sodium  amalgam  (glyoxylic 
acid)  and  the  solution  floated  on  concentrated  sulfuric  acid,  when 
an  apple-green  zone  is  formed,  which  turns  to  very  dark  green. 

In  Lafon's  reaction  the  substance  is  mixed  with  a  mixture 
of  equal  parts  of  concentrated  sulfuric  acid  and  alcohol,  and 
heated  until  it  becomes  yellowish,  and  then  treated  with  a  drop 
of  dilute  ferric  chlorid  solution,  when  a  fine  blue-green  color  is 
produced. 

All  glucosids  respond  to  the  reversed  Brunner-Pettenkofer 
reaction:  The  substance  and  a  granule  of  purified  ox-gall  are 
dissolved  in  water  and  the  solution  floated  on  concentrated 
sulfuric  acid,  when  a  deep  red-violet  zone  is  formed. 

The  physiological  reaction  is  more  to  be  depended  upon. 
This  should  be  tried  with  frogs,  and,  if  the  material  suffice,  with 
a  small  dog,  not  with  rabbits.  When  frogs  are  used  the  heart 
is  exposed  and  the  solution  injected.  If  digitalin  be  present 
the  frequency  of  the  heart  beats  is  much  diminished.  Three 
frogs  of  about  equal  size  should  be  similarly  prepared,  two  for 
comparison,  into  one  of  which  a  known  solution  of  digitalin  is 
injected,  the  third  receiving  no  injection.  In  the  dog  digitalis 
produces  vomiting  and  purging,  dilatation  of  the  pupils,  slow- 
ness and  irregularity  of  the  heart's  action,  and,  in  sufficient 
quantity,  death. 

'  100  c.c.  acid  and  1  c.c.  of  a  solu-  ^  100  c.c.  of  the  acid  to  1  c.c.  of 

tion  of  5  gm.  of  ferric  sulfate  in  100      the  above  ferric  solution. 
C-c.  water. 


NON-ALKALOIDAL,     NON-GLUCOSIDAL     VEGE- 
TABLE POISONS. 

A  classification  of  vegetable  poisons  beyond  this  point  accord- 
ing to  the  chemical  nature  of  their  active  principles  is  intricate, 
owing  to  the  great  variety  of  the  latter,  and  is  not  required  in  this 
place.  We  will,  therefore,  consider  briefly  in  alphabetic  order 
the  few  (of  a  great  number)  which  are  of  present  forensic  interest. 

Camphor,  CioHuO,  also  known  as  gum  camphor,  laurel  cam- 
phor, or  Japan  camphor,  obtained  from  the  camphor  tree  (Laurus 
camphora),  is  a  cyclic  hydrobenzenic  ketone,  of  the  camphan 
type,  and  is  the  best  known  of  many  representatives  of  this  class. 

The  natural  product  is  the  dextrorotary  variety,  [a]j,=  +44.2°. 
It  forms  translucent,  friable  crystals;  hot  and  bitter  in  taste, 
aromatic;  sparingly  soluble  in  water,  quite  soluble  in  acetic 
acid,  methylic  and  ethylic  alcohols,  and  oils.  It  is  widely  used 
to  drive  off  moths,  and  in  alcoholic  solution  as  a  household  and 
homoeopathic  remedy.  The  habit  of  chewing  camphor  is  by  no 
means  uncommon. 

It  is  chiefly  in  connection  with  its  reputation  as  an  abortifa- 
cient  that  camphor  is  of  forensic  interest.  ^Ye  have  seen  the 
reports  of  78  cases,  of  which  60  were  "accidental,"  5  suicidal,' 
8  to  provoke  abortion,  and  in  5  the  motive  is  not  stated.  In 
twelve  cases  the  poisoning  was  fatal. ^  Of  the  accidental  cases  24 
were  in  women,  23  in  men,  and  13  in  children. 

'  Currie:  Med.  Age,  1SS3,  i.,  320,  n.  s.,  iv.,  474,  F.  2,  A.,  D.  in  13  h. 

F.,  R.     Loble:  Wien.  kl.  Wchnschr.,  Ibid.,  1908,  4  s.,  xxvii.,  859,  F.,  19, 

1905,  xviii.,  886,  F.,  25,  R;  and  M.,  S.     Finley:     Med.  Rec,  1887,  xxxi., 

33,  R.    Pharm.  J.,  1908,  4  s.,  xxvii,  125,   clid.    2   vr.,    A.,   D.   in  4  lirs. 

F.,    19,    D.     Reichelt:     Klin.-Ther.  Davies:    Brit.'  M.   J.,   1887,  i.,  726, 

Wchnschr.,    1901,   viii.,   77,   F.,   38,  chid.,  A.,  D.  in  18  hrs.     Hononan: 

20  gm.  each  aloes  and  camphor,  R.  Austral.  M.  J.,  1S8S,  n.  s.,  x.,  252, 

^  Buddeus:     Blumenbach's    med.  F.,  18,  S.  or  A.,  D.  in36hrs.    Socquet: 

Bibl.,  1795,  iii.,  604,  F.,  Ab.,  D.  in  Ann.  d'hyg.,   1891,  3   s.,  xxv.,  520, 

10  hrs.     Rosenkranz:  Northwest,  M.  M.,  9  mth..   A.?     Lesser:    "Atl.  d. 

and  S.  J.,  1S4S-0.  v.,  295,  M.  ad..  A.,  ger.   Med.,"   T.   viii.,  p.  52,  F.,  47, 

D.   in    1    hr.    Schaff:  Gaz.  mM.  de  A.,  D.  in  24  hrs.     Maraque:  J.  m^d. 

Strasburg,  1850,  x.,  138,  chid.  J.  de  de  Brux.,  1906,  xi.,  353,  16  mths., 

chim.  m6d.,  1860,  4  s.,  iv.,  21,F.,  36,  A.,  D.  in  9i  hrs. 
Ab.,  D.  in  6  d.    Pharm.  J.,  1862-3, 
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In  4  of  the  abortion  cases  there  was  no  abortion,  the  woman 
recovering  in  three^  and  dying  in  one.^  In  two  cases  the  woman 
aborted,  dying  in  one,^  and  recovering  in  the  other.*  In  two 
cases  the  women  recovered,  but  it  is  not  stated  that  either 
aborted.'  In  Kuby's  case  a  woman  and  midwife  were  convicted 
on  trial. 

When  camphor  is  swallowed,  particularly  when  in  alcoholic 
solution,  it  causes  more  or  less  pain  in  the  mouth  and  stomach. 
In  a  few  minutes  a  condition  resembling  alcoholic  intoxication 
is  established,  with  incoherent  talking,  immoderate  laughing, 
or  singing,  the  face  at  first  flushed,  afterward  pale,  the  con- 
junctivae injected,  the  pupils  dilated,  and  a  sense  of  heat  in  the 
head.  The  expired  air  and  eructations  have  the  odor  of  camphor, 
and  there  is  usually  vomiting  of  matters  having  the  same  odor, 
and  which  may  contain  fragments  of  the  solid.  The  urine  also 
smells  of  camphor.  The  patient  soon  falls  "  in  a  fit "  of  epilepti- 
fftrm  convulsions,  frequently  of  great  violence,  which  may  be 
succeeded  by  unconsciousness  and  coma.  Death  has  usually 
occurred  during  the  convulsions,  in  Finley's"  case  after  an  inter- 
ruption by  an  interval  of  coma,  but  in  Lesser's  case"  there  were 
no  convulsions  and  death  occurred  in  collapse.  In  Maraque's 
case'  the  respiration  suddenly  ceased  during  vomiting. 

The  treatment  should  consist  in  emptying  the  stomach  by 
lavage  or  by  emetics,  the  application  of  external  warmth  to  the 
body  and  cold  affusions  to  the  head,  the  administration  of  po- 
tassium bromid,  chloral  and  strong  coffee  by  the  mouth  or  by 
enemata.     Artificial  respiration  was  required  in  one  case. 

We  find  records  of  autopsies  only  in  Hononan's"  and  Lesser's" 
cases.  In  the  latter  there  were  circumscribed  ulcerations, 
principally  in  the  depressions  between  the  ruga?,  in  the  stomach, 
and  extravasations  at  the  cardia.  The  most  characteristic  sign 
is  the  odor  of  camphor  which  the  body  exhales,  or  even  the 
detection  of  fragments  of  the  gum  in  the  stomach  contents. 

When  camphor  is  swallowed  in  the  solid  form  it  will  probably 

'Pollack:     Wien.     med.     Presse,  *  Prentiss:  Therap.  Gaz.,  1892,  3 

1874,  XV.,  258.     Kilby:  Friedreich's  s.,  viii.,  106. 

^1.  f.  ger.  Med.,  1881,  xxxii.,  310.  =  Bergholz:  StPetersb.med.Wchn- 
freeman:  Dosimetric  M.  Rev.,  1895,  schr.,  1897,  n.  F.,  xiv.,  491.     Loble: 
K-,  296.  Loc.  cit. 
'  Buddeus:  Loc.  cit.  "  Loc.  cit. 
J-  de  chim.  med.,  loc.  cit. 
IV.-69 
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be  found  in  that  state  in  the  stomach  contents,  when  it  may  be 
recognized  by  its  odor,  its  solubilities,  and  its  f.  p.,  175°.  It  may 
also  pass  into  the  distillate  from  acid  solution  (p.  155),  when  it 
separates  as  a  solid,  or  in  the  petroleum  ether  extract  from  acid 
solution  (p.  100). 

Cocculus  indicus  is  the  fruit  of  Menispermum  cocculus,  and 
contains,  besides  two  non-toxic  alkaloids,  a  highly  poisonous 
bitter  principle  called  picrotoxin,  CjoHg^Oig,  which  crystallizes 
in  needles,  f.  p.  200°,  intensely  bitter,  difficultly  soluble  in  cold 
water,  beiizene  or  ether,  readily  soluble  in  hot  water  and  in 
alcohol.  By  benzene  when  heated  or  by  cold  chloroform 
it  is  decomposed  -  into  picrotoxinin,  CuHiaOj,  and  picrotin, 
CjsHigO;,  the  former  of  which  is  not  bitter  and  the  latter 
not  toxic.  In  presence  of  water  the  two  reunite  to  regenerate 
picrotoxin. 

Poisonings  by  picrotoxin  or  cocculus  have  not  been  of  frequent 
occurrence.  We  have  seen  the  reports  of  19  poisonings,  involv- 
ing 27  individuals.  Of  these  8  have  been  accidental,* 2  suicidal,' 
2  homicidal,  2  for  abortion,^  and  1  experimental.^ 

The  fruit  is  popularly  known  as  "  fish-berries  "  because  of  its 
use  to  capture  fish,  and  a  fatal  human  poisoning  from  this  use 
is  reported.^  Both  the  berries  and  picrotoxin  have  been  used, 
because  of  their  bitter  taste,  to  flavor  beer  when  hops  are  scarce, 
but  we  find  no  report  of  a  serious  human  poisoning  from  the  prac- 
tice. Accidental  poisonings  have  been  caused  by  eating  the 
berries,^  by  drinking  the  tincture, °  whiskey  infusion,'  or  decoc- 
tion* thereof,  by  the  application  of  the  tincture  to  the  head," 
and  by  a  pharmacist's  error.  ^^ 

The  only  case  of  which  we  find  reference  in  which  this  poison 

'  Dutzijiann:  Wien.  med.   Presse,  Ixvi.,  664.     Shaw:  Med.  News,  1891, 

1869,  X.,  491.     Poma:  Gazz.  m.  if  lix.,  38. 
lomb.,  1S70,  6  s.,  iii.,  163.  «  Wharton  and StilM  (Fish):  "Med. 

2  Menko:    Therap.    Mntsh.,    1896,  Jur.,"  5  ed.,  ii.,  .530,  6  cases. 
X.,  111.     Hedr^n:   Vrtljschr.  f.  ger.  "Thompson:  Med.   Exam.,    1852, 

Med.,  1905,  3  F.,  xxix.,  Suplh.,  62.  n.  s.,  viii.,  227.     We  have  not  seen 

^Haynes:     Phila.     Med.     Times,  the    reports    of    Della-Suda:    Gaz. 

18S3-4,  xiv.,  748,  four  individuals.  m6d.    del'orient,    1858-9,    ii.,  ISO. 

■*  Scholler:  Canstat's  Jbt.,  1844,  v..  Van   Sydow:  Finsk.   Svensk.  Lak.- 

298.  Sallsk.  Sam.,  1862-3,  168;    and  that 

^Homa:     Wien.     kl.     Wchnschr.  of  Heidenreich  and  Kosskowski:  St. 

1908,  xxi.,  1.557,  two  cases,  R.  Pet.  med.   Wchnsclir.,   1900,  n.  F., 

°  Sozinsky:     Med.     News,      1883,  xvii..  Rev.  21  is  a  mere  reference, 
xliii.,  485.  i» Felletar:  Tng.  med.  Presse,  1907, 

'  Swift:  New  York  Med.  J.,  1897,  xii..  No.  16,  5. 
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was  administered  with  intent  to  kill  is  that  of  Reg.  v.  Clauderoy/ 
in  which  a  man  was  convicted  of  the  murder  of  a  nine-year-old 
girl  by  the  administration  of  two  berries,  one  of  which  was  soon 
vomited.  In  this  case  the  question  of  the  lethal  quality  of  the 
dose  and  its  bearing  upon  that  of  intent  was  of  prominent  interest. 
CareP  has  reported  a  fatal  criminal,  though  not  murderous, 
poisoning  of  a  man  by  picrotoxin  added  to  whiskey  to  facilitate 
robbery.  He  refers  to  the  frequent  use  of  picrotoxin  and 
cocculus  indicus  for  this  purpose  by  saloon-keepers  in  northern 
Minnesota.  The  practice  does  not  appear  to  have  originated 
there,  however,  as  the  intent  seems  to  have  been  the  same  in 
Traill's  case  of  the  poisoning  of  several  men  and  the  death  of 
one  in  Liverpool  in  1829.^  Hedren^  mentions  a  fatal  case  in 
which  cocculus  indicus  appears  to  have  been  taken  to  procure 
abortion. 

Lethal  Dose  and  Duration. — No  fatal  human  poisoning  from 
a  known  quantity  of  picrotoxin  has  been  reported.  The  state- 
ment made  in  many  text-books  that  2.4  gm.  of  the  berries  has 
caused  death  appears  to  refer  to  Scholler's  case^  in  which  the 
death  of  a  boy  of  12  years  was  caused  by  two  scruples. 

Death  occurred  in  30  minutes  in  two  of  the  Philadelphia 
hospital  cases^  and  in  Shaw's  case;'  in  "less  than  45  minutes"  in 
Swift's  case;'  and  in  3  hours  in  Sozinsky's  case.'  In  ShoUer's 
case'  death  from  gastro-enteritis  and  peritonitis  was  delayed  for 
19  days.  In  Thompson's  case'  of  external  application  death 
followed  "in  a  few  days." 

Symptoms. — Ingestion  of  the  poison  is  soon  followed  by 
burning  pain  in  the  gullet  and  stomach,  along  with  nausea, 
vomiting,  abundant  salivation,^  diarrhoea,  profuse  cold  perspira- 
tion, chzziness,  and  drowsiness  and  confusion  of  intellect,  pro- 
gressing to  complete  unconsciousness.  The  respiration  is  at 
first  accelerated,  afterward  slow  and  labored.  The  pulse  is 
usually  weak.  The  most  noteworthy  manifestation  consists  of 
violent  convulsions  much  resembling  those  caused  by  strychnin. 

'  Am.  J.  Med.  Sc,  1851,  n.  s.,  xxi.,  *  Loc  cit. 

527,  from  Carrington  and  Kirwan:  ^  Loc.  cit. 

Nisi    Prius     Repts.,"      ii.,      709.  «  Wharton  and  Stills :  Loc.  ciJ. 

Wharton  and   Stille:    "Med.  Jur.,"  '' Loc.  cit. 

»ed.,  ii.,  531.  sgee  Grunwald:  Arch.  f.  exp.P.  u. 

'Merclc's  Arch.,  1904,  vi.,  21.5.  P.,  1909,  Ix.,  249. 
,  '"Outlines,"      p.     146.     Taylor: 

Pmaon.5,"  3d.  Am.  ed.,   648. 
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In  Sozinsky's  case'  these  lasted  two  minutes,  with  five-minute 
intervals,  during  which  the  relaxation  was  complete.  Each 
spasm  was  initiated  by  an  outcry  and  accompanied  by  frothing 
at  the  mouth  as  in  epilepsy,  as  well  as  by  opisthotonus.  In  a 
case  of  Wharton  and  Stille's^  there  were  four  convulsions  in  half 
an  hour.  In  Thompson's  case*  the  pupils  were  contracted 
during  the  spasms  and  dilated  during  relaxation.  Haynes^  gives 
four  points  of  distinction  between  the  spasms  of  strychnin  and 
those  of  pictrotoxin,  the  most  reliable  of  which  is  the  unconscious- 
ness of  the  patient  during  and  after  the  picrotoxin  convulsion. 
Early  death  is  due  to  failure  of  respiration,  late  death  to  gastro- 
enteritis. 

Treatment. — Lavage  of  the  stomach  should  be  performed,  or 
an  emetic  administered.  The  convulsions  should  be  controlled 
by  chloroform.  Administration  of  chloral  for  the  same  purpose 
should  be  resorted  to  with  caution  as  the  poison  and  antidote  are 
synergistic  in  their  paralyzing  action  on  the  respiratory  center.^ 

Post-mortem  Appearances. — No  characteristic  lesions  have 
been  observed  in  man.  Hyperaemia  and  cedema  of  the  lungs  and 
cerebral  meninges  may  be  looked  for,  as  well  as  the  evidences 
of  gastro-enteritis  and  even  peritonitis  in  protracted  cases. 

Detection. — ^Picrotoxin  is  extracted  from  acid  aqueous  solu- 
tion by  ether,  chloroform  and  amylic  alcohol,  and  will  therefore 
be  found  in  Residue  III  (p.  162)  in  the  systematic  process.  This 
residue  is,  however,  too  impure  for  the  direct  application  of  the 
tests.  Probably  the  best  method  of  purification  is  that  of 
Palm:*  The  dry  residue  is  extracted  with  acidulated  water  and 
the  solution  perforated  with  ether.  The  ether  is  evaporated; 
the  residue  extracted  with  warm  water;  the  solution  decolorized 
with  animal  charcoal,  and  treated  with  neutral  lead  acetate  so 
long  as  a  precipitate  is  produced.  The  filtered  solution  is 
agitated- with  precipitated  lead  hydroxid;  the  insoluble  compound 
formed  is  collected,  suspended  in  water  and  decomposed  by 
hydrogen  sulfid,  and  the  picrotoxin  extracted  from  the  filtered, 
acidulated  aqueous  solution  by  perforation  with  ether. 

CareP  by  the  Dragendorff  method  extracted  in  his  case  .1025 

'  Loc.  cit.  '  Ztschr.    f.    anal.    Chem.,    1883, 

^  Loc.  cil.     In  this  connection  see  xxii.,   274;   1885,  xxiv.,   556; 

under  "Strychnin,"  pp.  1045,  1047,  xxvii.,  99. 

ante.  *  Loc.  cit. 
'  Browne:  Brit.  Med.  J.,  1S75,  i., 

540,  also  pp.  409,  442,  476,  506. 
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grains  from  132.5  gm.  stomach  and  contents,  and  .0925  from 
50  gm.  liver. 

Reactions. — Langley's:  Picrotoxin  mixed  with  3  pts.  of 
nitre  and  moistened  with  concentrated  sulphuric  acid,  produces 
a  red  color  on  addition  of  concentrated  sodium  hydroxid  solution. 

MeUer's:  If  1-2  drops  of  a  solution  of  equal  parts  of  benzoic 
aldehyde  and  alcohol  be  added  to  picrotoxin  a  red  color  is 
produced  on  addition  of  a  drop  of  concentrated  sulfuric  acid; 
and  the  liquid  on  being  stirred  becomes  red-violet. 

Thaeter's:  2-3  drops  of  picrotoxin  solution  with  1-2  drops 
of  an  alcoholic  solution  of  furfurole  and  2  c.c.  of  concentrated 
sulfuric  acid  when  heated  on  the  water-bath  produces  a  violet 
color  on  evaporation  of  the  alcohol. 

Concentrated  sulfuric  acid  alone  dissolves  picrotoxin  with 
an  orange-red  color,  passing  to  yellow,  and  on  addition  of  a  trace 
of  potassium  dichromate  to  violet,  which  with  more  dichromate 
becomes  brown. 

Minovici's:  If  2  drops  of  an  aqueous,  alcoholic  or  chloroform 
solution  of  picrotoxin  be  treated  with  2  drops  of  concentrated 
sulfuric  acid  and  one  minute  later  with  a  drop  of  a  twenty 
per  cent,  alcoholic  solution  of  anisic  aldehyde,  the  mixture 
when  heated  on  the  water-bath  produces  a  red-violet  or  rose 
color. 

Picrotoxin  reduces  Fehling's  solution  when  heated. 

Croton  oil  (oleum  tiglii)  is  a  violent  gastro-intestinal  irritant, 
which  has  caused  death  in  a  dose  of  twenty  drops  and  in  as  brief 
a  period  as  four  hours.  Most  of  the  reported  cases  have  been 
accidental.  In  a  French  case,  however,  an  unsuccessful  attempt 
was  made  to  poison  three  persons  by  dropping  croton  oil  into  the 
cavities  left  in  strawberries  by  plucking  out  the  stems. ^  In 
Reg.  V.  Massey  and  Ferrand^  the  defendants  were  charged  with 
causing  the  death  of  a  man  by  placing  jalap  and  croton  oil  in 
food  of  which  the  deceased  and  others  partook.  A  woman 
named  Phillips  was  charged  with  having  attempted  to  poison  her 
husband  with  croton  oil  in  Michigan  in  1890.  In  the  same  year 
another  woman  in  New  Jersey  was  accused  of  attempting  to 
murder  her  son  by  the  same  means. 

When  swallowed,  croton  oil  causes  intense  burning  pain  in  the 

'Mayet   et   Halle:    Ann.    d'hyg.,  =  Taylor:  "Poisons,"  3d  Am.  ed., 

lo'l,  2  s.,  XXXV.,  192.  483. 
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mouth  and  throat,  extending  rapidly  to  the  abdomen.  There 
are  excessive  salivation,  vomiting  and  diarrhoea,  the  last  attended 
with  tenesmus  and  frequently  with  the  passage  of  blood.  The 
patient  goes  into  collapse,  usually  attended  with  delirium. 
When  death  occurs  it  is  from  respiratory  failure,  and  usually 
within  twelve  hours.  When  applied  to  the  skin  croton  oil  is  a 
powerful  vesicant. 

The  treatment  should  consist  of  stomach  lavage,  followed  by 
demulcents,  administration  of  morphin  and  cardiac  stimulants, 
and  application  of  warmth. 

The  post-mortem  appearances  may  be  negative,  or  the  gastro- 
intestinal tract  may  be  reddened,  swollen  and  deprived  of  mucous 
membrane  in  places. 

The  oil  may  be  extracted  from  viscera,  etc.,  by  ether,  and  its 
vesicating  action  on  the  skin  noted.  No  chemical  reactions  are 
known  by  which  it  may  be  recognized.^ 

Essential  Oils. — Substances  of  this  class,  also  called  volatile 
oils  or  essences,  are  for  the  most  part  unsaturated  cyclic  hydro- 
carbons, and  are  oily  in  consistency,  capable  of  distillation,  and 
having  aromatic  odors.  A  few  of  them  may  be  of  forensic  inter- 
est in  consequence  of  their  reputation  as  abortifacients.  In 
most  of  the  cases  which  have  come  before  the  courts  the  adminis- 
tration has  been  by  another  with  intent  to  cause  abortion,  when 
in  the  event  of  the  woman's  death  the  administrator  may  be 
convicted  of  murder.^  Sometimes  the  oil  is  used  and  sometimes 
the  plant  or  a  decoction  or  infusion  thereof. 

Oil  of  turpentine  is  distilled  from  turpentine,  an  oleoresin 
derived  from  various  species  of  Pinus  and  of  related  genera.  The 
essence  is  extensively  used  as  a  solvent,  principally  by  painters. 

It  has  caused  a  few  accidental  poisonings  by  its  use  as  an 
anthelmintic,  or  by  being  given  in  mistake,  and  in  one  case  a 
woman  attempted  suicide  by  swallowing  "camphine,"^  but  in 
most  of  the  small  number  of  reported  cases  the  object  was 
abortion.  Kendall*  reports  the  case  of  a  woman  who  resorted 
to  it  frequently  and  successfully.  Wharton  and  Stille'  refer  to 
a  Massachusetts  case  of  homicide  in  1878  in  which  a  man  confessed 

'For    complete    toxicology    and  '  Thomsen:  Vrtljschr.  f.  ger.  Med., 

bibliography  see  Hirschheydt:   Arb.  1866,  n.  F.,  v.,  337. 

d.   pharm.    Inst,  zu    Dorpat,  1890,  *  Med.  Rec,  1892,  xlii.,  572. 

iv.,  5-80.  «  "Med.  Jur.,"  5th  ed.,  ii.,  552. 

'  See  p.  70. 
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to  having  given  his  wife  turpentine  to  cause  her  to  miscarry. 
Taylor'  mentions  the  purely  homicidal  case  of  Reg.  v.  Rodanbosh 
in  1856  in  which  a  woman  was  accused  of  the  murder  of  her 
child  by  pouring  oil  of  turpentine  into  its  mouth.  Maund^ 
refers  to  a  suspicious  case  in  which  a  woman  was  found  dead. 

When  swallowed,  oil  of  turpentine  causes  burning  pain  in  the 
mouth  and  throat,  vomiting,  diarrhoea,  difficult  micturition, 
sometimes  with  strangury  and  bloody  urine,  the  urine  having 
the  odor  of  violets,  narcotism,  muscular  spasms,  coma  and 
death.  Prolonged  inhalation  of  the  vapor  causes  a  subacute 
intoxication'  characterized  by  dizziness,  mental  depression, 
albuminuria  and  the  violet-like  odor  of' the  urine.  Turpentine  is 
eliminated  by  the  lungs,  skin  and  kidneys,  and  by  the  last  as  a 
glucuronic  pairling  which  reduces  Fehling's  solution. 

A  tablespoonful  has  caused  the  death  of  a  five-months  infant, 
and  six  ounces  that  of  an  adult. 

In  the  treatment  the  stomach  should  be  evacuated,  and  the 
bowel  also  if  there  be  no  diarrhoea,  and  demulcent  drinks  and 
stimulants  should  be  given. 

It  leaves  no  characteristic  lesions,  and  there  are  no  practical 
chemical  means  by  which  it  may  be  identified  with  certainty, 
although  with  hydrochloric  acid  and  ferric  chlorid  it  gives  a  red 
color,  changing  to  violet  and  blue.  The  odor  may  be  noted. 
This  and  the  other  essential  oils  may  be  extracted  by  ether. 

Oil  of  Cedar. — The  volatile  oil  of  Juniperus  virginianus,  is 
more  frequently  resorted  to  as  an  abortifacient  in  this  country 
than  turpentine  or  savin.  Of  18  reported  cases  4  were  acci- 
dental, one  by  a  pharmacist's  error*  and  another  from  the  use 
of  the  oil  in  the  treatment  of  gonorrhoea.*  Two  cases"  were 
attempted  suicides.  Twelve  were  abortion  cases'  in  one  of  which^ 
a  young  man  in  St.  Lawrence  Co.,  N.  Y.,  who  had  seduced  the 

'  "Poisons,"  3d  Am.  ed.,  630.  '  London  M.  Gaz.,  1845,  xxxvi., 

'Australas.  M.  J.,  1856,  i.,  261.  646.     Wait:  Loc.  cit,  also  p.  469,  3 

Remhard:    Deut.    med.    Wclin-  cases.     Holley:  Detroit  Rev.  of  Med., 

schr    1887,  xiii.,  256.  1876,  xi.,  478.     Bolles:  M.  and  S. 

.  DaFareri:    Lo    Sperim.,     1889,  Rept.  Boston  City  Hosp.,  1877,  2  s., 

™'.  284.  ii^  270.     Brown:  Med.  News,  1893, 

Ellyson:  Therap.   Gaz.,   1890,   3  Ixiii.,    15.     Clegg:    Phila.    Med.  J., 

s.,  VI.,  371.     The  other  cases  are  by  1901,  viii.,  964.     Smith:  Med.  Coun- 

Miley:Phila.M.  and  S.Rptr.,  1872,  cil,    1904,    ix.,    280.     Brandow:  St. 

^vi.,  76.     Lawrence:  Canada  Med.  Louis  Clin.,  1908,  xxi.,  105. 

™c.,  1876,  iv.,  248.  «  Wait:  Loc.  cit.,  case  iv. 

Wait:  Boston  M.  and  S.  J.,  1849, 
^•)  471,  case  iii.,  Lawerence :  Loc.  cit. 
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girl,  was  convicted  of  manslaughter  in  1849.  The  case  of  Peo.  v. 
Kidder,  tried  in  Niagara  Co.,  N.  Y.,  in  1885,  was  also  a  case  of 
manslaughter  under  similar  circumstances. 

The  symptoms  consist  of  burning  pain  in  the  stomach, 
vertigo,  a  general  prickling  sensation,  vomiting  of  matters 
having  the  odor  of  the  oil,  convulsions  of  an  epileptiform  char- 
acter, trismus,  a  choking  respiration,  a  slow  pulse,  stupor  and 
coma.  The  spasms,  which  Wait^  considers  to  be  pathognomonic, 
begin  with  jerking  of  the  eyes,  then  of  the  head,  contraction  of 
the  muscles  of  one  side  of  the  face  and  neck  first  and  then  of  the 
other  side,  then  of  the  arms,  trunk  and  legs,  accompanied  by 
groans.  In  none  of  the  thirteen  abortion  cases  reported  did  the 
woman  abort,  although  three  of  them  died,  and  in  Brown's 
case^  of  a  woman  in  the  third  month  of  pregnancy  a  dark  dis- 
charge from  the  vagina  was  established  and  continued  to  her 
delivery  at  term.  In  this  case  also  the  urine  was  suppressed  for 
36  hours. 

What  has  been  said  as  to  treatment,  post-mortem  appearances, 
and  detection  in  general  concerning  oil  of  turpentine  applies 
to  this  and  other  volatile  oils. 

Oil  of  savin,  as  well  as  the  tops  of  the  plant  from  which  it  is 
obtained,  Juniperus  sabina,  has  been  reputed  an  abortifacient 
from  early  antiquity,^  and  is  still  commonly  used  in  Europe  for 
that  purpose,  which  has  been  the  origin  of  all  of  the  reported 
cases.  Yet  it  does  not  appear  that  savin  has  any  specific 
ecbolic  action,  although  a  pregnant  woman  taking  it  in  large 
doses  may  abort  from  the  pelvic  congestion  which  it,  like  other 
irritants,  produces.  Lewin  and  Brenning*  have  collected  27 
cases,  in  17  of  which  the  women  aborted,  and  8  died,  while  in 
10  cases,  with  4  deaths,  no  abortion  followed.  It  must  be  noted, 
however,  that  the  majority  of  these  cases  are  ancient  and  imper- 
fectly reported.  Other  savin  cases  have  been  reported  by  Ne-niih,^ 
Hinds,"  Blyth,'  Hamilton,^  Gamier,"  Hedr6n,^°  and  Santessen." 


'  Loc.  cil.  '  "Poisons,"  4t]i  ed.,  475. 

'Loc.  cit.  ^Edinb.  M.  J.,   1906,  n.  s.,  xix., 

^  Lewin  u.  Brenning:  "Fruchtab-      530. 

treibung,"  p.  217.  »  Ann.  d'hyg.,  1906,  4  s.,  v.,  549. 

'  Loc.  cit.  i»  Vrtljschr.  f.  ger.  Med.,  1905,  3 

*  Lancet,  1845,  i.,  677.  F.,  xxix.',  Suplh.,  58,  15  cases. 

«  Med.  Times  and  Gaz.,  1857,  ii.,           "  Sliand.  Arch.  f.  Phys.,  1901,  xi., 

524.  228. 
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Beck'  refers  to  the  case  of  Angus,  tried  for  murder  in  Lancaster 
in  1908,  in  which  tlrere  was  evidence  that  savin  was  administered 
to  procure  abortion.  Taylor^  mentions  two  cases  of  prosecution 
of  medical  men:  Reg.  v.  Pascoe  (1852)  and  Reg.  v.  Moore 
(1853). 

The  symptoms  caused  by  savin  consist  of  pain  in  the  throat 
and  abdomen,  vomiting,  continuous  in  severe  cases,  more  rarely 
purging,  haematuria,  strangury,  and  in  severe  cases  unconscious- 
ness, with  stertorous  respiration,  rapidly  leading  to  death.  In 
some  cases  trismus  and  tetanus  have  occurred.  The  lethal  dose 
is  not  established.  In  Deutsch's  case^  the  woman  aborted,  but 
recovered  from  a  dose  of  22  gm.  In  Lee's  case*  the  woman 
aborted  and  died  from  the  effects  of  teaspoonful  doses  during 
8  days.  Death  has  occurred  in  12  hours,'  and  has  been  delayed 
for  5  days.'  The  treatment  should  consist  of  evacuation  of  the 
stomach  and  bowels,  and  administration  of  cardiac  stimulants, 
or  of  chloral  hydrate  or  morphin  when  indicated.  At  the 
autopsy  there  are  found  evidences  of  inflammation  in  the 
alimentary  tract,  with  patches  of  extravasation  in  the  stomach, 
and  frequently  of  peritonitis.  Sometimes  powdered  savin 
may  be  recognized  microscopically  in  the  stomach  contents,  and 
in  Blyth's  case^  a  few  drops  of  the  oil  was  obtained  therefrom 
by  distillation. 

Oil  of  Tansy. — The  herb  Tanacetum  vulgare,  and  the  volatile 
oil  obtained  from  it  by  distillation,  are  reputed  abortifacients, 
and  are  popularly  used  as  emmenagogs.  The  herb  is  frequently 
added  to  spirits  as  a  "  bitters  "  in  this  country. 

Of  51  cases  of  tansy  poisoning  one  only  occurred  in  a  male: 
the  case  of  a  boy  of  5  years,  who  drank  of  his  father's  bitters.* 
The  women  were  all  young,  the  most  advanced  age  mentioned 
being  39  years.  In  the  50  female  cases  the  object  was  to  cause 
abortion  in  44,  by  "accident,"  usually  as  an  emmenagog,  in  16, 
to  suicide  in  l,"-"  and  not  stated  in  2.  A  man  was  criminally 
charged  with  having  caused  the  death  of  a  pregnant  girl  by  oil 

'"Med.  Jur.,"  12th  ed.,  i.,  482.  '  Loc.  cit.     See  also  Gamier:  hoc. 

'  "Poisons,"  3d  Am.  ed.,  480,  481.  cit. 

'Med.   Ztschr.    d.    Ver.    f.    Hlk.,  »  Lindley:     Hahnemann     Mthly., 

1850,  XX.,  180.  1892,  xxvii.,  249. 

'Am.  J.  Med.  Sc,  1837,  xxi.,  345.  "Chance:    St.    Louis    Clin.    Rec, 

Letheby:  Lancet,  1845,  677.  1875-6,  ii.,  244. 

Med.  Gaz.,  1845,  xxxvi.,  646.  "  Witherington:       Memphis     M. 

Mthly.,  1889,  ix.,  396,  negress. 
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of  tansy  in  Pennsylvania  in  1882;  and  in  Norris'  fatal  case'  a  man 
appears  to  have  been  prosecuted  for  the  administration.  In  but 
one  case^  did  the  woman  abort.  Of  the  44  abortion  cases  11 
were  fatal,^  and  of  the  16  "accidental,"  2.*  In  Norris' case Hhe 
woman  fell  in  convulsions  "and  soon  expired."  Other  than  this 
the  most  rapidly  fatal  case  is  one  of  Ely's'  of  death  in  IJ  hour. 
The  most  prolonged  fatal  cases  are  those  of  Pendelton'  and 
Gallaher'  of  death  in  26  hrs.  One  drachm  of  the  oil  has  caused 
death  in  three  cases/  and  half  an  ounce  of  the  dried  herb  in  one.' 
One  ounce  of  the  oil  failed  to  cause  death  in  two  instances.'" 

A  burning  sensation  is  experienced  in  the  mouth  and  throat 
when  the  oil  is  swallowed.  The  person  soon  bec6mes  giddy, 
with  sensations  of  coldness  and  numbness,  and  rapidly  loses 
consciousness  entirely,  falling  to  the  ground  or  out  of  bed,  with 
scarcely  perceptible  pulse''  and  hurried,  labored  respiration,  the 
expired  air  having  the  odor  of  tansy.  The  pupils  are  dilated, 
and  the  cheeks  bright  red.  When  vomiting  occurs  spontaneously, 
as  it  frequently  does,'^  the  vomit  has  the  odor  of  tansy,  and  the 
effects  of  the  poison  are  less  intense.'^  In  McGay's  case'*  the 
vomit  contained  bright  red  blood.  Soon  there  are  violent 
clonic  spasms,  during  which  the  head  is  thrown  back,  the  arms 
raised  and  rigidly  extended,  the  respiration  arrested,  the  pupils 
dilated,'^  the  eyes  rolled  up,  the  face  livid,  the  jaws  clenched,  and 
the  mouth  coated  with  a  mucous  froth,  frequently  bloody  from 
injury  to  the  tongue.  Usually  the  spasms  appear  within  10 
minutes,  but  in  Aylett's  case'"  no  effects  were  produced  for  two 
hours.     They  succeed  each  other  every  5  to  10  minutes,  and 

1  Buffalo  M.  and  S.  J.,  1864-5,  iv.,  '  Loc.  dt. 

526.  s  jewett,  Ely,  Wetzell:  Loc.  dt. 

'  Gardner:    Boston  M.  and  S.'  J.  '  Gallaher:  Loc.  cii. 

1845,  iv.,  527.  '»  Welch:  Tr.   M.   Soc.   N.  Jersey, 

^Jewett:  Ibid.,   1880,  cii.,   237,   5  1S77,  227.     Leipziger:  Iowa  M.  J., 

cases.     Inquest:    Ibid.,    1851,    xliv.,  1906,  xx.,  80. 

306.      Norris:      Loc.     cit.     Dalton:  "In  Dalton's  case  (Loc.cit.)  the 

Amer.  J.  M.  Sc,  1852,  n.  s.,  xxiii.,  pulse  was  full  and  13S. 

136,    xxiv.,    279.     Hildreth:    Ibid.,  '^Leipziger:  Loc.cit.     Spaulding: 

1835,  xvi.,  256.     Pendleton:  Amer.  Phila.    Med.    Times.,    1S76-7,    vii., 

M.  Times,-  1861,  ii.,   177.     Wetzell:  467.     Welch:  Loc.  cit. 

Amer.  M.  Bi-wkly.,  1879,  x.,  58.  "  Ely:  Loc.  cit. 

*  Ely:    Amer.    J.    M.    Sc,    1S52,  ^'  J.  Am.  Med.  Ass.,  1907,  xlvri., 

xxiv.,     279.     Gallaher:    Phila.     M.  714. 

Times,  1881,  xi.,  346.  »*  They  are  said  to  have  been  con- 

°  Loc.  cit.  tracted    in    Smith's    case    (Detroit 

^  Loc.  cit.     Brown:   (Tr.   M.   Soc.  Lancet,  18S1^2.  v.,  147). 

N.   Jersey,    1876,    179)    refers   to   a  "  Virginia  M.  Semi-Mth.,  1897-8, 

death  inl  hr.,  but  gives  no  authority.  ii.,  71. 
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pass  off  with  a  tremulous  movement.  In  Gunn's  case'  the 
spasms  caused  partial  luxation  of  the  jaw.  In  Brown's  case^ 
the  patient  was  not  seen  for  three  hours,  when  she  was  found 
comatose.  Coma  or  deep  stupor  has  also  been  noted  by  Aid- 
right,'  Pendleton,*  Stout,^  Lindley,*  and  Gunn.*  In  Pendleton's 
case  there  was  paralysis  of  all  the  muscles.  In  Speier's  case" 
there  was  stupor  in  the  intervals  between  violent  convulsions. 
In  one  of  Gallaher's  cases'  there  were  vomiting,  purging  and 
violent  abdominal  pain,  but  no  coma  or  paralysis,  and  the 
intellect  remained  clear.  And  in  Chance's  case'  no  convulsions 
occurred,  but  there  was  a  condition  resembling  Asiatic  cholera. 
Gunn"  noted  the  odor  of  tansy  in  the  urine,  showing  its  elimina- 
tion by  that  channel.  In  cases  of  recovery  the  memory  has  been 
more  or  less  impaired  for  several  days.'"  Death  usually  occurs 
in  convulsion  or  in  coma,  but  in  Gallaher's  gastro-enteric  case  it 
appears  to  have  been  due  to  exhaustion. 

The  treatmant  should  consist  in  stomach  lavage,  after  control 
of  the  spasms  by  chloroform  if  necessary,  or  the  administration 
of  emetics,  and  later  of  cathartics.  The  application  of  external 
warmth  or  of  sinapisms,  with  cold  to  the  head,  and  the  adminis- 
tration of  stimulants,  and  of  potassium  bromid  or  chloral  hydrate 
have  been  resorted  to. 

At  the  autopsy  the  odor  of  tansy  will  usually  be  observed  on 
opening  the  cadaver,  and  more  or  less  intense  softening  and 
inflammation  of  the  gastric  and  duodenal  mucous  membranes  will 
be  met  with. 

'  Med.  Bullet.,  1888,  x.,  19.  ^  Northwest.    Lancet,  1884-5,  iv., 

'hoc.  cit.  145. 

'Canada  Med.   J.,    1869-70,  vi.,          '' hoc.  cit. 

212.  s  St.  Louis  Clin.  Rec,  1875-6,  ii., 

'hoc.  cit.  244. 

'  New  York  M.  J.,  1908,  Ixxxvii.,  °  hoc.  cit. 

686.  m  Gunn,  Chance:  Loc.  cit. 


ANIMAL  POISONS. 

The  poisonous  secretions,  or  venoms,  of  various  insects, 
spiders,  myriapods,  and  reptiles  are  of  no  present  forensic  interest.^ 
The  deleterious  products  generated  in  articles  of  animal  food  by- 
bacterial  action  are  of  forensic  interest  in  two  connections: 
In  relation  to  resemblances  of  their  properties  and  reactions  to 
those  of  vegetable  poisons  which  may  interfere  with  the  certain 
detection  of  the  latter  in  cases  of  supposed  poisoning  by  vege- 
table alkaloids  or  glucosids.  In  this  relation  they  have  already 
been  considered  in  treating  of  the  vegetable  poisons.  They  are 
also  of  interest  as  sometimes  producing  symptoms  and  effects 
which  more  or  less  closely  resemble  some  of  those  produced  by 
mineral  or  vegetable  poisons. 

POISONOUS  AND  INFECTED  FOODS. 

Although  some  of  the  basic,  nitrogenous  products  of  the 
action  of  saprophytic  bacteria  upon  the  proteins,  ptomains,  are 
toxic,  the  designation  "ptomain  poisoning"  as  applied  to  out- 
breaks of  illness  following  the  use  of  decomposed  or  infected  food, 
sometimes  affecting  great  numbers  of  persons,  is  a  misnomer.  In 
no  case  has  an  illness  of  this  origin  been  traced  to  the  ingestion 
of  the  ptomains  known  to  be  the  usual  products  of  saprophytic 
bacteria.  Many  of  such  outbreaks  have,  per  contra,  been  defi- 
nitely traced  to  the  ingestion,  not  of  poisons  produced  by  bacteria, 
but  of  the  bacteria  themselves.  These  were  therefore  not 
poisonings  but  infections.  There  is  no  generic  difference  be- 
tween a  so-called  "  meat  poisoning"  caused  by  eating  meat  con- 
taminated with  bacilli  of  the  paratj^phoid  type^  and  an  attack  of 
true  typhoid  following  the  drinking  of  water  contaminated  by 
the  true  typhoid  bacilli.  The  investigation  of  such  cases  comes 
within  the  province  of  the  bacteriologist  rather  than  within  that 
of  the  toxicological  chemist. 

'  See  "Cantharides,"  p.  1113.  '  See  p.  1106. 
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Sausage  Poisoning  {Allantiasis,  Botulism). — According  to 
Kerner'  the  first  report  of  a  case  of  sausage  poisoning  appeared 
in  1735,^  and  from  that  time  to  1853  Schlossbcrger^  estimates 
that  400  cases  occurred  in  southwestern  Germany.  It  is  cer- 
tain, however,  that  many  of  the  earlier  cases  were  not  true 
botuUsm,  but  were  caused  by  the  then  unrecognized  trichina 
spirahs.  At  the  present  time  botulism,  which  has  been  caused 
not  only  by  sausages  but  also  by  meat,  fish,  and  oysters,  is  of 
comparatively  rare  occurrence. 

The  poisonous  sausages  are  usually  of  large  size,  imperfectly 
smoked,  and  more  or  less  softened  in  the  interior.  The  central 
portion  in  some  is  of  a  grayish  tinge,  pulpy,  and  has  a  rancid 
or  sharp  and  somewhat  acid  taste.  The  cortical  portion  is  some- 
times inert,  while  the  central  portion  is  actively  poisonous. 
The  odor  is  sometimes  musty,  but  in  most  cases  in  no  way  pecu- 
liar. The  odor  of  putrefaction  is  not  observed.  Van  Ermengem* 
in  a  mass  poisoning  of  34  cases,  with  two  deaths,  caused  by  a 
pickled  ham,  extracted  a  very  active  toxin  which  produced  the 
effects  of  botulism,  and  obtained  the  anaerobic  bacterium  which 
produces  it,  which  he  called  Bacillus  botulinus. 

The  action  is  usually  manifested  in  from  twelve  to  twenty- 
one  hours  after  the  contaminated  food  has  been  taken.  The 
shortest  interval  was  one  hour  in  one  of  Kaatzer's  cases, ^  and  in 
two  of  Eichenberg's  two  and  three  hours."  Many  of  the  early 
recorded  cases  with  an  interval  of  more  than  twenty-four  hours 
are  probably  cases  of  parasitic  disease. 

The  total  duration  of  fatal  cases  is  very  variable,  as  is  shown 
by  the  48  cases  cited  by  Miiller,'  of  which  6  died  on  the  first  day, 
19  from  the  second  to  the  seventh,  16  from  the  eighth  to  the 
tenth,  4  from  the  eleventh  to  the  twenty-first  day,  and  3  after 


'Ztschr.    f.    Staatsarznk.,    1S22,  de  Belg.,  1897,  ix.,  82;  Arch.  int.  de 

!"■,  227.  pharmacod.,  1896-7,  iii.,  213;  C.  r. 

J'Hennig,    however     (Samml.    v.  Soc.  de  biol.,  1897,  10  s.,  iv.,  155. 

Nat.   u.  Med.,    Gesch.,    1722,    xiv..  See  also:  Brieger  u.  Kempner:  Deut. 

559),  reported  an  epidemic  of  meat  med.   Wchnschr.,    1897,  xxiii.,  481. 

poisoning,  with  one  death  in  1722.  Kempner    u.    Schepilewsky:    Ibid., 

'Virch.  Arch.,  1856,  xi.,  569.  1898,  xxvii.,  213. 

'Rev.  d'hyg.,   1896,   xviii.,   761;  =  Deut.    med.    Wchnschr.,    1881, 

W,  xix.,  896;  Cbl.  f.  Bakt.,  etc.,  vii.,  73. 

!„„  '  ^^^■'  442;  Presse  mM.  beige,  "  Diss.,  Gottingen,  1880. 

»96,  xlviii.,  761;  Ztschr.  f.   Hyg.,  'Deut.  Klin.,  1869,  1870,  passim. 
iw,  xxvi.,  1;  Ann.  Soc.  m4d.-l^g. 
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long  illness.     Recovery  is  usually  slow,  and  may  require  several 
months.     Total  blindness  may  remain. 

The  earliest  symptoms  are  usually  gastro-intestinal:  nausea, 
abdominal  pain,  not  intense,  but  increased  on  pressure;  vomiting 
of  yellow,  pulpy,  sour,  or  bitter  masses,  and  not  infrequently 
purging.  Following  upon  the  gastric  symptoms,  either  im- 
mediately or  after  a  day  or  more,  or,  in  some  cases,  without  the 
occurrence  of  gastric  symptoms,  the  truly  poisonous  action  of  the 
toxin  is  established.  The  secretions  are  much  diminished  or 
arrested,  the  mouth,  tongue  and  pharynx  are  dry,  and  neither 
perspiration,  saliva  or  tears  are  secreted.  The  skin  is  wrinkled 
and  cool.  The  tongue  is  covered  with  a  whitish  coat,  the  buccal 
mucous  membrane  is  marked  with  aphthous  patches,  and  the 
pharynx  is  inflamed  or  ulcerated,  and  coated  with  a  grayish-white 
deposit.  The  voice  is  hoarse  and  in  some  cases  there  is  a  dry 
cough.  The  urine  seems  to  be  the  only  secretion  which  is  not 
diminished.  There  is  impairment  of  the  power  of  vision,  which 
may  reach  the  point  of  temporary  or  even  permanent  blindness; 
objects  appear  colored  and  sometimes  double,  and  the  field  of 
vision  is  traversed  by  sparks.  The  muscles  moving  the  globe  are 
partially  paralyzed  as  well  as  the  accommodation,  and  the  pupils 
are  dilated.  Paralysis  of  the  levator  palpebrje  superioris,  with 
consequent  ptosis,  is  characteristic.  Interference  with  degluti- 
tion is  a  marked  and  constant  symptom,  and  is  frequently  ac- 
companied by  interference  with  the  movements  of  the  tongue 
and  with  hoarseness,  or  even  aphonia.  The  cerebral  functions 
and  those  of  the  spinal  nerves  are  but  little  interfered  with. 
Consciousness  is  perfect  almost  up  to  the  time  of  death.  Sen- 
sation remains  unimpaired.  There  is  great  and  progressive 
muscular  weakness,  and  progressive  emaciation,  due  to  complete 
loss  of  appetite.  The  patient  complains  chiefly  of  the  de- 
rangements of  vision  and  of  attacks  of  suffocation.  David' 
noted  nephritis  and  endocarditis  in  one  case. 

Death  is  caused  in  many  cases  by  marasmus.  In  some  cases 
suffocation,  with  or  without  preceding  convulsions,  is  the  cause 
of  death;  or  sometimes  suffocation,  due  to  entrance  of  particles 
of  food  into  the  air  passages. 

The  symptoms  of  botulism  present  some  similarities  to  those 
of  the  atropic  poisons  (see  p.  876) ,  which  also  produce  dilatation 
'  Deut.    med.    Wchnschr.,     lSfl9,  xxv.,  127. 
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of  the  pupil,  paralysis  of  accommodation,  marked  dysphagia, 
and  diminution  of  the  secretions.  But  the  cerebral  symptoms 
—delirium  and  hallucinations — of  atropic  poisoning  are  absent 
in  botulism,  while  ptosis  does  not  occur  in  atropic  poisoning. 
The  pulse  is  also  much  more  rapid  in  atropic  poisoning,  and  the 
duration  of  the  poisoning  is  much  shorter  than  in  botulism. ' 
The  similarity  to  the  action  of  gelsemium  is  closer.^  The  effects 
upon  the  eye  and  its  muscles,  including  ptosis,  is  the  same  in 
the  two  forms  of  poisoning,  which  may,  however,  be  distin- 
guished by  the  much  more  rapid  and,  in  case  of  recovery,  tem- 
porary action  of  the  vegetable  poison. 

No  characteristic  post-mortem  appearances  are  recogniz- 
able. The  body  is  emaciated,  and  the  skin  is  bleached  and 
parchment-like.  Rigor  mortis  begins  early  and  continues 
longer  than  usual,  and  putrefaction  is  delayed  in  some  cases, 
but  very  rapid  in  others.  The  mucous  membrane  of  the  mouth 
and  pharynx  is  often  white,  dry,  and  parchment-like,  or  horny. 
The  gastric  mucous  membrane  is  frequently  injected  and  some- 
times ecchymosed.  The  spleen  is  sometimes  enlarged,  con- 
gested, and  extremely  soft  and  friable.  The  blood,  as  a  rule,  is 
dark.    The  lungs  are  frequently  congested  and  oedematous.^ 

Meat  Poisoning  and  Infection. — Apart  from  the  disorders 
produced  in  the  human  subject  by  eating  trichinous  or  measly 
pork  or  beef,  which  are  caused  by  parasites  of"  relatively  large 
size,  injurious  effects  referable  to  deteriorated  meat  may  be 
divided  into  three  classes:  1.  Cases  of  true  botulism,  caused  by 

'See  cases,  p.  868.  212.      Souchay:     Diss.     Tubingen, 

'Seep.  938.  1889.  Reisz:  Wien.  med.  Wchnschr,, 

'For  oases  of  botulism  caused  by  1891,      xxxii.,       1862.      Mouginet: 

sausage,  reported   since   1880,   see:  Tliese,   Paris,    1891.     Haberda:  Zt- 

Bohm:Aerztl.  Int.- Bl.,  1880,  xxvii.,  schr.    f.    Med. -Beamte,     1893,    vi., 

350.    Eichenberg:  Loc.cii.    Ballard:  601.     Rizzi  e  Dall'Acqua:  Giorn.  d. 

Rep.  Med.  Off.  Loc.  Gov.  Brd.,  1881,  r.  Soc.  d'ig.,  1893,  xv.,  5,  97.     Vi- 

57.    Kaatzer:  Loc.  cit.     Roth:  Vrt-  pond:  Montreal  M.  J.,  1893-4,  xxu., 

Ijschr.  f.    ger.   Med.,    1883,   n.   F.,  739.     Mitchell  and  Wesener:  Medi- 

xxxix.,    241.     Barnhill:     Cleveland  cine,  Detroit,  1895,  i.,  351.     Kitchen: 

M.  Gaz.,  1885-6,  i.,  262.     Nauwerk:  Austral.   M.    Gaz.,    1896,   xv.,   380. 

Cor.-Bl.  f.  Schweiz.   Aerzte,    1886,  Dineur:    Arch.    m^d.   beiges,   1897, 

Ivi.,    154.    Ehrenberg:    Ztschr.     f.  4  s.,  ix.,  145.     Lauk:  Milnch.  med. 

Pnysiol.   Chem.,    1886-7,    xi.,    239.  Wchnschr.,  1900,  Ixvii.,  1345.     Wer- 

Uass:  Pest.  Med.-chir.  Presse,  1888,  theim:    Arch.    f.    Laryng.,    1902-3, 

™v.,  575.     Spat:  Friedreich's  Bl.f.  xiii.,  454.     Pelzl:  Wien.  kl.  Wchn- 

ger.    Med.,     1889,     xl.,     385,     462.  schr.,     1904,     xvii.,     864.     MoreUi: 

Inomas:  Ann.  de  m^d.  v6t.,  Brux.,  Wien.  med.   Wchnschr.,    1904,   liv., 

1889,   xxxviii.,    573.       Dall'Acqua:  2163.     Hinze:  Berl.  kl.  Wchnschr., 

worn.  d.  r.  Soc.  it.  d'ig.,  1889,  xi.,  1909,  xlvi.,  1844. 
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the  toxin  of  bacillus  hotulinus,  which  present  the  symptomatology 
above  described.^  2.  Those  which  are  caused  by  the  meat  of 
healthy  animals  which  has  undergone  other  putrefactive  change, 
and,  3.  those  traceable  to  the  use  of  meat  from  animals  suffering 
from  disease,  usually  enteric,  septic,  or  pyaemic. 

Cases  of  the  second  class  result  from  the  action  of  saprophytic 
bacteria  of  the  Proteus  and  coli  types,  and  are  produced  by  meat 
and  other  animal  foods,  sound  and  healthy  at  first,  but  decom- 
posed by  exposure  under  conditions  favoring  the  entrance  and 
development  of  these  bacteria.  In  some  of  these  cases  the  meat 
has  been  eaten  with  impunity  at  first,  but  has  caused  serious 
illness  and  even  death  when  eaten  after  exposure.^  The  "Wel- 
beck  cases,"  described  by  Ballard  and  Klein, ^  afforded  a  series  of 
examples.  Several  scores  of  persons  were  affected,  of  whom  four 
died  after  a  few  days,  while  several  of  those  who  ate  of  the  ham, 
to  which  the  "poisoning"  was  distinctly  traced,  escaped  alto- 
gether. In  most  of  the  cases  there  was  a  period  of  incubation  of 
from  24  to  36  hoyrs.  In  some  the  attack  began  with  a  chill,  in 
others  with  giddiness,  faintness,  or  pain  in  the  back,  chest  or 
abdomen;  but  sooner  or  later  in  all  there  was  abdominal  pain, 
with  fetid  diarrhoea  and,  usually,  vomiting.  In  most  of  the  cases 
there  were  muscular  weakness,  headache,  and  thirst.  Nervous 
phenomena  were  observed  in  some  cases,  cramps,  twitchings, 
prickling  sensations,  numbness  of  the  hands,  drowsiness,  halluci- 
nations, disturbance  of  vision,  and  photophobia.  In  most  cases 
there  was  fever  after  the  early  stage  of  the  attack,  the  tempera- 

'  For  oases  of  botulism  caused  by  gem:   Loc.    cit.     Slawyk:    Berl.   kl. 

meat,     reported    since     18S0,     see:  Wchnschr.,  1898,  xxxv.,  847.     Spil- 

Cohn:  Arch.  f.  Augenhlk.,  1880,  ix.,  ler:  Phila.  Polyclin.,  1898,  vii.,  455. 

148.     Ulrich:  Kl.  Mntsbl.  f.  Augen-  Romer:  Cblt.  f.  Bakt.,  1900,  1  Abt., 

hlk.,    1882,    XX.,    235.     Roth:  Loc.  xxvii.,  857.     Hoff:  Wien.  med.  Bl., 

cit.     Flury:  Corr.-Bl.     f.      Schweiz.  1900,  xxiii.,  377.     Klob:  Med.  klin., 

Aerzte,  1885,  XV.,  184,  205.  Quincke:  1904,  i.,  84.     Pelzl:  Wien.  kl.  Wchn- 

Mnth.    f.   d.    Ver.    Schlesing-Holst.  schr.,   1904,  xviii.,  864.     Dumarest 

Aerzte,  1885,  10  Hft.,  147.     Reed:  et  Baudouin:  Marseille  m^d.,  1907, 

J.    Am.    M.   Ass.,    1887,    viii.,    203.  xliv.,  325.     Blattmann:  Corr.-Bl.  f. 

Senckpiehl:    Diss.,      Berlin,      1887.  Schweiz.  Aerzte,  1909,  xxxix.,  184. 
Chesney:  Sanitarian,  1888,  xx.,  412.  =  Schmit:  Rev.   d'hyg.,   1888,  x., 

Kluyskens:  Ann.   Soc.   de   m6d.   de  293.     Darde     et     Viger:  Arch,    de 

Gand,    1890,   Ixix.,   176.     Groenow:  m^d.  et  de  pharm.  mil.,  1895,  xxv., 

Kl.    Mntsbl.    f.    Augenhlk.,     1890,  433;  xxvi.,  16.     White:  Med.  Press 

xxviii.,   166.     Vischer:  Verh.  d.  X  and   Circ,    1896,    n.   s.,   Ixii.,   109. 

Int.  Med.  Cong.,  1S91,  v.  Abt.,  7,  28.  Packer:  Brit.  M.  J.,  1900,  ii.,  1372. 
Engelbrecht:  Diss.,  Jena,  1894.   Fi-  ^  Trans.  VII  Int.  Med. Cong.,  1881, 

quet:  These,     Paris,     1894.     Gust:  iv.,  487.     See  also  Brit:  M.  J.,  1881, 

Diss.,    Berlin,    1894.     Von   Ermen-  i.,  361.     Practit.,  1881,  xxvi.,  315. 
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ture  rising  to  101°  to  104°.  From  the  ham  which  was  the 
cause  of  the  poisonings  Klein  obtained  a  bacillus,  the  causative 
relation  of  which  to  the  sickness  was,  however,  not  then  clemon- 
stoated.  In  other  reported  cases  the  symptonas  have  begun  more 
promptly  after  the  tainted  meat  was  eaten,  and  have  departed 
somewhat  from  those  observed  in  the  Welbeck  cases;  the  ab- 
dominal and  cephalic  pain,  high  temperature,  nervous  symptoms 
and  prostration  are,  however,  tolerably  constant.  In  many  cases 
there  was  not  purging,  but  constipation.  In  the  more  recent 
cases  of  this  type  the  causative  relation  of  bacteria  of  the  Proteus 
or  coK  types  has  been  demonstrated.^ 

The  communicability  of  anthrax  to  man  by  eating  the  flesh 
of  infected  animals  has  long  been  recognized,^  and  more  recently 
that  of  tuberculosis  in  the  same  manner.^  The  deleterious  qual- 
ity of  "bob-veal"  is  popularly  known,  and  Basenau*  has  obtained 
a  bacillus,  which  he  designated  as  Bacillus  bovis  morhijicans,  and 
which  he  considered  to  be  the  cause  of  the  disturbances  fre- 


"For  other  cases  see:  Thursfield: 
Laacet,  1882,  ii.,  819,  856.  Long: 
J.  Am.  M.  Ass.,  1885,  v.,  157. 
Johne:  Ber.  u.  d.  Veter.  im  Konigr. 
Sachsen  f.  d.  J.  1886,  1887.  Flinzer: 
Vrtljschr.  f.  ger.  Med.,  1887,  n.  F., 
xlvi.,  105.  Barnes:  Practit.  1887, 
xxxviii.,  302,  383,  463.  Spear: 
Rept.  Med.  Off.  Loc.  Gov.  Brd. 
(1887),  1888,  xviii.,  106.  Carbone: 
Rif.  med.,  1890,  vi.,  1208.  Mace: 
Ann.  d'hyg.,  1891,  3  s.,  xxv.,  268. 
Gwynn:  Publ.  Hlth.,  1892-3,  v.,  68. 
Fischer:  Deut.  med.  Wchnschr., 
1893,  xix.,  575,  598,  627.  Schroder: 
Vrtljschr.  f.  ger.  Med.,  1893,  3  F., 
vi.,  Spth.,  104.  Levy:  Arch.  f. 
exp.  P.  u.  P.,  1894,  xxxiv.,  342. 
King-Warry:  Publ.  Health,  1894- 
5,  vii.,  417.  Darde  et  Viger:  Loc. 
cit.  and  Bull.  Ac.  de  m^d.,  Paris, 
1895,  3  s.,  xxxiv.,  608.  White: 
Med.  Pr.  and  Circ,  1896,  n.  s.,  Ixii., 
109.  Buchanan:  Rept.  Med.  Off. 
Log.  Gov.  Brd.,  1896-7,  xxvi.,  115. 
Dineur:  Arch.  m^d.  beiges,  1897, 
4  s-,  IX.,  145.  Worrall:  Brit.  M.  J., 
1897,  i.,  843.  Bowes  and  Ashton: 
'nd.,  1898,  ii.,  1456.  Stocker: 
Ztschr.  f.  Fl.  u.  Milch-Hyg.,  1897-8, 
™i-,  201.  Wesenberg:  Ztschr.  f. 
^JS;  1898,  xxviii.,  484.  Silber- 
schmidt:  Ibid.,  1899,  xxx.,  328. 
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Pfuhl:  Ibid.,  1900,  xxxv.,  265. 
Schumburg:  Ibid.,  1902,  xH.,  182. 
Glucksmann:  Cbl.  f.  Bakt.,  1  Abt., 
1899,  XXV.,  696.  Sugg:  Ann.  Soc. 
de  m^d  de  Gand,  1899,  Ixxviii.,  26. 
Trautmann:  Ibid.,  1903.,  xlv.,  139. 
Schmidt:  Ztschr.  f.  Med.-Beamte, 
1903,  xvi.,  473.  Angelici:  Pohclin., 
Roma,  1907,  xiv.,  Sez.  prat.,  865, 
897.  Vincent:  Bull.  Ac.  de  mi5d., 
Paris,  1909,  3  s.,  Ixii.,  338. 

^  Bouchardat:  Ann.  d'hyg.,  1878, 
2  s.,  xlix.,  442.  Zorkendorfer: 
Ztschr.  f.  Heilk.,  1894,  xv.,  435. 
Bratanich  (Prag.  med.  Wchnschr., 
1896,  xxi.,  3,  26,  52)  reported  an 
epidemic  of  combined  trichinosis 
and  anthrax,  involving  68  individuals 
with  3  deaths;  and  Tavel  (Corr.- 
Bl.  f.  Schweiz.  Aerzte,  1887,  xvii., 
417)  a  case  of  combined  enteric 
infection  and  anthrax. 

^  Browier:  Arch.  m^d.  beiges, 
1877,  3  s.,  xi.,  110.  Dele:  Ann.  Soc. 
de  m(5d.  d'Anvers,  1877,  xxxviii., 
380.  Cressy:  Rept.  Brd.  Hlth. 
Conn.,  1880,  iii.,  221.  Johne:  Deut. 
Ztschr.  f.  Thiermed.,  1883,  ix.,  1. 
Ostertag:  Arch.  f.  wiss.  u.  prkt. 
Thierhlk.,  1888,  xiv.,  257;  Ztschr. 
f.  Fl.  u.  Milch-Hyg.,  1891-2,  ii.,  1. 

*  Arch.  f.  Hyg.,  1894,  xx.,  242. 
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quentl)'  following  the  eating  of  the  flesh  of  cows  slaughtered  soon 
after  calving,  and  while  suffering  from  septic  puerperal  fever. 
The  deleterious  quality  of  young  veal  is  probably  due  to  the  same 
cause,  originating  in  septic  infection  from  the  umbilical  cord. 

Gartner,'  from  the  flesh  of  a  sick  ox,  which,  at  Frankenhausen 
in  1888,  had  caused  58  cases  of  illness  and  the  death  of  a  robust 
man  in  36  hours,  after  manifestation  of  symptoms  resembling 
those  of  typhoid  fever,  obtained  a  bacillus  which  was  the  cause 
of  the  disturbances,  and  which  he  called  Bacillus  enteritidis. 
This  bacillus  has  also  been  found  in  many  other  similar  infections,^ 
and  its  toxin  has  been  investigated.^ 

In  an  epidemic  at  Aertrycke  and  Sirault  in  1898,  with  one 
death  in  15  days,  caused  by  veal  from  a  calf  suffering  with 
enteritis,  De  Nobele^  obtained  a  bacillus  related  to  the  B.  enter- 
itidis and  that  of  hog  cholera,  which  he  named  B.  Aertrycke.  In 
these  cases  the  symptoms  were  also  very  similar  to  those  of 
typhoid,  although  the  temperature  did  not  exceed  102.2°. 

In  other  epidemics  bacteria  have  been  identified  closely  related 
to  those  of  Gartner  and  De  Nobele,  and  to  the  B.  paratypho- 
sus  B.  of  Schottmiiller.^     In  these  outbreaks  the  effects  have  also 


1  Breslauer.  aerztl.  Ztschr.,   1888,  K'athcart:  J.   of  Physiol.,    1906, 

X.,  249.     See  also:  Karlinski:  Cblt.  vi.,  112,  and  authors  there  cited, 

f .  Bakt.,  1889,  vi.,  289.  •  Ann.    Soc.    de   mM.   de   Gand, 

^  Lubarsch     u.     Tsutsui:     Virch.  1898,  Ixxvii.,  2S1;  1901,  Ixxx.,  74. 

Arch.,  1891,  cxxiii.,  70.  Reissmann:  '  Gaffky  u.  Paak:  Ajb.  a.  d.  K. 

Hyg.  Rundsch.,  1891,  i.,  716.  Hoist:  Gesamt.,   1890,  \'i.,   159.     Van  Er- 

Baumgart.     Jbt.,     1894,     x.,     326.  mengem:  Bull.   Ac.   r.   de  m^d.  de 

Gunther:  Arch. f. Hyg.,  1897,  xxviii.,  Belg.,  1892,  4  s.,  vi.,  1025;  Rev.  d'- 

146.     Durham:   Brit.  M.  J.,  1898,  ii.,  hyg.,  1S96,  xviii.,  761;  Presse  m^d. 

1797;  Tr.  Path.  Soc.  Lond.,  1898-9,  beige,  1896,  xlviii.,    385    (B.  Moor- 

1.,  262.     Barker:   Brit.  M.  J.,  1899,  sellensis).      Poels:       Handel,      von. 

ii.,  1367.     Fischer:  Ztschr.  f.  Hyg.,  Nederl.     Xat.  en  Gen.  Cong.,  1893, 

1902,  xxxix.,  447.     Von  Drigalski:  210  (BoUerdam).     Johne:  XXI  Jbt. 

Fest-Sohr.  z.  60  Gebt.  v.  R.  Koch,  u.     d.     Medicinalwes.     in    Sachsen, 

Jena,  1903,  409.  Trautmann:  Ztschr.  1894,    104.     Hamburger:  Ztschr.  f. 

f.    Hyg.,    1903,  xiv.,  139;  Berl.   kl.  Fl.  u.  Milch-Hyg.,  1895-6,  vi.,  187 

Wchnschr.,       1906,       xliii.,      1102.  {B.      celluloeformans) .         Ksensche: 

Fokker  u.  Phihpse:  Cblt.  f.   Bakt.,  Ztschr.    f.     Hyg.,     1896,    xxii.,    53 

1904,     XXXV.,     529.      SchottmuUer:  (B.    Breslaviensis).      Silberschmidt : 

Baumgarten's  Jbt.,   1904,  xx.,  711.  Corr.-Bl.  f.  Schweiz.  Aerzte,  1896, 

Zupnik:  Ztschr.  f.  Hvg.,  1905,  xlix.,  xxvi.,     225     (Thurgau).     Giinther: 

447.  Morgan:  Brit.   II.   J.,  1905,  i.,  Loc.    cit.     Wesenberg:     Ztschr.    f. 

1257.    Berger:  Miinch.   med.  Wchn-  Hyg.,  1898,  xxviii.,  484  (Mansfeld). 

schr.,  1906,  liii.,  589.     Goebel:  Ann.  Durham:   Brit.  M.  J.,  1898,  i.,  154; 

d'hyg.,  1007.4  s.,  viii.,  430.  Buchan:  ii.,    1797.      Basenau:  Loc.   cit.   Her- 

Lancet,  1907,  ii.,  1604.     Reichartz:  man:  Arch,    de   m6d.  exper.,    1899, 

Miinch.  med.  Wchnschr.,  1907,  liv.,  xi.,    445;    Cong.    int.    d'hyg.    et   de 

389  (fish).  dem.,    c.    r.,    1900,    x.,    211.     Von 
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resembled  those  of  typhoid,  with  diarrhoea,  abdominal  pain,  en- 
larged spleen,  high  temperature,  a  characteristic  eruption,  maras- 
mus, an  affirmative  Widal  reaction,^  and  enlargement  of  Peyer's 
patches.'  These  bacteria,  or  others  closely  related  to  them, 
were,  in  all  probability,  the  active  agents  in  the  earlier  outbreaks 
of  Andelfingen  (1839),'  Kloten  (1879), *  etc.,  as  well  as  in  numer- 
ous reported  cases  of  "poisoning"  by  the  meat  of  unhealthy 
animals.^ 

Poisonous  Fish. — Certain  species  of  fish  are  always  poisonous 
to  the  human  subject,  or  become  so  at  times,  and  sometimes  the 
same  fish,  eaten  with  impunity  by  one  person,  proves  activelf 
poisonous  to  another.  Poisonous  fish  are  for  the  most  part  the 
inhabitants  of  warm  climes.     The  use  of  a  Japanese  fish,  fugu,  a 


Drigalski:  Loc.  cit.  Jacobsthal: 
Diss.,  Strassburg,  1902.  Joest:  Zt- 
Bchr.f.Fl.u.Milch-Hyg.,  1904-5,  xv., 
295.  Tiberti:  Lo  Sperim.,  1906,  Ix., 
679.    Levy  u.  Fernet:  Cbl.  f.  Bakt., 

1906,  1  Abt.,  Orig.,  xli.,  161. 
Sergent: Tribune  med.,  1906,  xxxix., 
661.    Jacobson:  Berl.  kl.  Wchnschr., 

1907,  xliv.,  339  {B.  paratyphosus 
B).  Savage  and  Gunston:  J.  of 
Hyg.,  1908,  viii.,  601.  Van  de 
Velde:  J.  de  m6d.  de  Paris,  1908, 
2  s.,  XX.,  415.  Riemer:  Munch, 
med.  Wchnschr.,  1908,  Iv.,  306. 
Fowler:  J.  Roy.  A.  M.  C,  1909, 
xiii.,  271.  Ridder:  Berl.  kl.  Wchn- 
schr., 1909,  xlvi.,  1844. 

'Jacobson:  Loc.  cit.  Sergent: 
Loc.  cit.  Liefmann:  Milnch.  med. 
Wchnschr.,  1908,  Iv.,  156. 

'Longstreth:  Tr.  Path.  Soc, 
Phila.  (1879-80),  1882,  x.,  78. 

^Four  hundred  and  fifty  cases, 
with  9  deaths.  Sigg:  J.  d.  pract. 
Hlk.,  1841,  xcii.,  5  St.,  3.  Greis- 
inger:  Deut.  Arch.  f.  kl.  Med.,  1867, 
m.,509.  K6hIer:"Handb.  d.  Spec. 
Thar.,"  3  Aufl.,  i.,  5.  Lebert: 
.  Handb.  d.  pract.  Med.,"  3  Aufl., 
1.,  434.  Liebermeister:  Deut.  Arch. 
f-  kl.  Med.,  1871-2,  ix.,  245.  Zehn- 
der:  Bl.  f.  Gsdhtspfl.,  1874,  iv.,  42. 
outer:  Diss.,  Zurich,  1889. 

'Seven  hundred  and  seventeen 
cases,  with  5  deaths.  Hugeunin: 
torr.-Bl.  f.  Schweiz.  Aerzte,  1878, 
™->  15.  Ruber:  Deut.  Arch.  f. 
^1.  Med.,  1880,  XXV.,  220.  Walder: 
,^erl.  kl.  Wchnschr.,  1878,  xv.,  579. 


Wyss:  Bl.  f.  Gesfhspfl.,  1878,  vii., 
101,109.  Suter:  Loc.  cit.  See  also 
Wyss:  Corr.-Bl.  f.  Schweiz.  Aerzte, 
1881,  X.,  161,  200,  233,  266,  294,  554. 
°  Albrecht:  Wchnschr.  f.  Thier- 
hlk.,  1878,  xxii.,  244.  Huguenin: 
Corr.-Bl.  f.  Schweiz.  Aerzte,  1879, 
ix.,  504.  Cressy:  Arch.  Congr.  M. 
and  S.,  1880,  i.,  193;  1881,  ii.,  15. 
Bollinger:  Aerztl.  Int.-Bl.,  1881, 
xxviii.,  157,  170,  181,  194.  Spamer: 
Deut.  Arch.  f.  kl.  Med.,  1886-7,  xL, 
187.  Lohmeyer:  Berl.  kl.  Wchn- 
schr., 1887,  xxiv.,  53.  Demuth: 
Vereinsbl.  d.  Pfals.  Aerzte,  1888,  iv., 
51,  65.  Polin  et  Labit:  Arch,  de 
mM.  et  de  pharm.  mil.,  1889,  xiv., 
372.  Ostertag:  Ztschr.  f.  Fl.  u. 
Milch-Hyg.,  1891-2,  ii.,  193,  210, 
227.  Strose:  Ibid.,  1892-3,  iii.,  196. 
Kruger:  Ibid.,  1896-7,  vii.,  114. 
Hensgen:  Ibid.,  1897-8,  viii.,  181. 
Jeserich  u.  Niemann:  Hyg.  Runds., 
1893,  iii.,  813.  Schroder:  Vrtlj- 
schr.  f.  ger.  Med.,  1893,  3  F.,  vi., 
Shft.,  104.  Juhel-R^noy:  Bull,  et 
m6m.  Soc.  m(§d.  d.  hop.  de  Paris, 
1893,  3  s.,  X.,  430.  Swope: 
Med.  Fortnightly,  1895,  viii.,  515. 
Basenau:  Ztschr.  f.  Hyg.,  1898, 
xxxii.,  219.  Bowes  and  Ashton: 
Brit.  M.  J.,  1898,  ii.,  1456.  Schmidt: 
Ztschr.  f.  Med.-Beamte,  1903,  xvi., 
473.  Trautmann:  Berl.  kl.  Wchn- 
schr., 1906,  xliii.,  1102.  Heller: 
Obit.  f.  Bakt.,  1906-7,  1  Abt.,  xliii., 
Orig.,  146.  Leistikow:  _:"chr.  f. 
Fl.  u.  Milch-Hyg.,  1907-8,  xviii., 
174. 
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species  of  tetrodon,  is  interdicted  by  law  in  that  country.  In 
three  cases  of  poisoning  by  this  fish,  one  of  which  terminated  in 
death,  the  symptoms  began  in  15  to  45  minutes.  There  were 
headache,  nausea,  great  muscular  weakness,  failure  of  the  pulse 
and  respiration,  diminution  of  temperature  and  total  insensibility. 
From  various  species  of  tetrodon  a  crystalline  toxic  substance, 
tetradonin,  has  been  obtained.'  In  southwestern  Russia  poison- 
ings by  sturgeon  are  of  frequent  occurrence.  The  roe,  of  which 
caviar  is  made,  appears  to  be  the  most  actively  poisonous  part 
of  the  fish.  Edwards^  reports  the  poisoning  of  a  man  of  68  years 
T)y  the  flesh  of  the  ray;  and  Morrow^  the  poisoning  of  several  men 
by  eating  the  fresh  liver  of  the  sword-fish.  Cases  of  this  character 
are  caused  by  some  toxic  substance  naturally  existing  in  the 
fish,  not  of  bacterial  origin. 

Bacterial  infections  by  more  or  less  decomposed  fish  are  of 
much  more  frequent  occurrence,  usually  from  tinned  sardines, 
salmon,  etc.,  or  from  imperfectly  smoked  fish.  Some  of  these 
have  been  cases  of  pure  botulism,*  others  infections  by  Gartner's 
bacillus,^  and  others  by  other  bacilli  of  the  paratyphoid  type." 


'  Hayashi  and  Muto:  Arch.  f. 
exp.P.  U.P.,  1902,  xlvii.,  2U.  Tak- 
ahashi:  Miinch.  med.  Wchnschr., 
1902,  xlix.,  IS  17. 

2  Brit.  M.  J.,  1SS4,  i.,  40. 

=  Bost.  M.  and  S.  J.,  1896,  exxxv., 
197. 

*  Cohn:  Arch.  f.  Augenhlk.,  1880, 
ix.,  148.  Schreiber:  Berl.  kl.  Wchn- 
schr., 1884,  xxi.,  161,  183.  Hirsch- 
feld:  Vrtljschr.  f.  ger.  Med.,  1S85, 
n.  F.,  xliii.,  283.  v.  Anrep:  Arch. 
slaves  de  biol.,  1886,  xi.,  341. 
Alexander:  Bresl.  Eerztl.  Ztschr., 
1888,  X.,  25.  Arnstamoff:  Ctbl.  f. 
Bact.,  1891,  X.,  113.  Schmidt: 
Verh.  d.  X.  Intern.  Med.  Congr. 
(1890),  ISOl,  ii.,  4  Abt.,  43.  David: 
Deut.  med.  Wchnschr.,  1899  xxv 
127. 

^Reichartz:  Miinch.  med.  Wchn- 
schr., 1907,  liv.,  389. 

"Stoll:  Corr.-Bl.  f.  Schweiz. 
Aerzte,  1905,  xxxv.,  137.  For  other 
cases  of  fish  "poisoning"  see: 
Addinsell:  Lancet,  1884,  ii.,  540. 
Bertheraud:  J.  de  m6d.  et  de  pharm. 
de  I'Algerie,  1884,  ix.,  3.  Mauriac: 
J.  de  m^d.  de  Bordeaux,  1885-6,  xv., 
425,  437,  459,  461.  Millet:  Arch, 
de  m^d.   et  de  pharm.   mil.,   1886, 


viii.,  417.  Belin:  France  m^d., 
1886,  ii.,  1458.  Layet,  Artigals  et 
Ferre:  Rev.  san.  de  Bordeaux, 
1886,  iii.,  49.  Mead:  Practit.,  1886, 
xxxvi.,  264.  Carruccio:  Bull.  d.  r. 
Ac.  di  Roma,  1886-7,  viii.,  353. 
Spoffard:  Austral.  M.  Gaz.,  1SS6-7, 
vi.,  266.  Heckel:  Rev.  san.  de 
Bordeaux,  1887,  iv..  84;  C.  r.  Ac. 
sc,  18SS,  cvi.,  220.  Wilson:  Brit. 
M.  J.,  1887,  ii.,  992.  Simsohn: 
Policlin.,  Phila.,  1887-8,  v.,  HI. 
Wear:  Lancet,  1888,  ii.,  193.  Mosso: 
Arch.  ital.  de  biol.,  1888,  x.,  141. 
Grancher:  Rec.  d.  trav.  com.  con- 
sult, d'hyg.  (1887),  1888,  xvii.,  1. 
V.  Sobbe:  Berl.  kl.  Wchnschr.,  1889, 
XX vi.,  137.  Berthier:  These,  Lyon, 
1889.  Marcacci:  Arch.  ital.  de 
biol.,  1891-2.  xvi.,  1.  Stevenson: 
Brit.  M.  J.,  1892,  ii.,  1326.  Fischel 
u.  Enoch:  Fortschr.  d.  Med.,  1892, 
X.,  277.  Rep.  Brd.  Hlth.  Mich., 
1892-3  (1895),  xxi.,  325.  Griffiths: 
Chem.  News,  1893,  Ixviii.,  45. 
Pohl:  Prag.  med.  Wchnschr.,  1893, 
xviii.,  31.  Richardson:  Asclepiad, 
1893,  X.,  39.  Loir:  C.  r.  Soc.  de 
biol.,  1894,  9  s.,  \a.,  141.  Sieber- 
Schumow:  Pharm.  Ztg.  f.  Russl., 
1895,  xxxiv.,  325.     Med.  Rec,  1896, 
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Other  Foods.^Oysters. — That  oysters  srown  in  the  vicinity  of 
sewer  outlets  are  carriers  of  typhoid^  is  almost  as  widely  known 
as  the  fact  that  they  become  deleterious  during  the  summer 
months.  In  one  supposed  transmission  of  typhoid  by  oysters, 
however,  the  symptoms  were  those  of  botulism.^  It  is  stated 
that  the  juice  of  oysters  exerts  a  toxic  action  when  injected  into 
animals.^ 

Mussels. — The  edible  mussel,  Mytilis  edulis,  frequently  be- 
comes actively  poisonous,  probably  by  reason  of  changes  in  the 
character  of  the  surrounding  water.  A  case  is  reported  in  which 
serious  symptoms  and  a  scarlatinal  eruption  were  caused  by 
eating  two  mussels,*  and  another  in  which  similar  effects  fol- 
lowed the  ingestion  of  the  fluid  part  of  a  single  mussel.^  Death 
has  resulted  in  several  instances.  °  Farrar'  reports  the  case  of  a 
strong,  temperate  man  of  sixty  who  had  been  in  the  habit  of 
eating  mussels  without  ill  effects.  Immediately  after  eating 
about  twenty  without  removing  the  "  moss "  or  "  byssus "  he 
was  attacked  with  nausea,  abdominal  pain,  vomiting  and  purging, 
and  become  extremely  collapsed.  There  followed  frequent  faint- 
ing spells,  and  repeated  clonic  spasms,  involving  all  the  muscles. 
The  chest  was  covered  with  an  erythematous  rash.  The  next 
morning  recovery  was  complete. 

xlix.,.   876.     Seydel:     Deut.    med.  sante,  1897,  xiv.,  361.     Husemann: 

Wehnschr.,       1903,       xxix.,       254.  Wien.    med.    BL,    1897,    xx.,    399, 

Konstansoff:  Cblt.  f.   Bakt.,1  Abt.,  415,     431,     448,     465.     Softazad^: 

1906,     xxxviii.,      542.      Abraham:  These,   Paris,    1903.     Doche:  Arch. 

Munch,  med.  Wehnschr.,  1906,  liii.,  de  m^d.  et  de  pharm.   mil.,   1909, 

2466.  V.  Gebhardt:   Pest,  med.-chir.  liii.,  351. 
Presse,   1907,  xliii.,  653.  'Taylor:     Guy's     Hosp.     Rept., 

'Viraldi  u.  Rodella:  Hyg.  Rund-  1851-2,  2  s.,  vii.,  213. 
sch.,  1905,  XV.,  174.  '^  Nay,     quoted     by      Christison: 

'  Ballivet:  Lyon  med.,  1907,  cviii.,  "Poisons,"     Am.     ed.,     479.     Also: 

889.    Dumarest:  Ibid.,  1053.  Med.  J.  and  Gaz.,  1864,  i.,  496. 

'  Baylac:  C.  r.  Soc.  de  biol.,  1907,  «  Burrows:  Lond.     M.     Reposit., 

Ixii.,  284.     Netter:  Ibid.,  Ixiii.,  81,  1815,   iii.,   415,    2   deaths.     Combe: 

263.    For  cases  of  "oyster-poison-  Edinb.    M.   and   S.   J.,    1827,   xxix., 

ing"  see:  Moody:  Ther.  Gaz.,  1883,  86.     Thirty  cases,  2  deaths.     Med. 

n.  s.,  iv.,   233.     Lankester:  Quart.  Times   and    Gaz.,    1860,   ii.,   90,    21 

J-  Micr.  Soc,  1885-6,  n.  s.,  xxxvi.,  cases,    3    deaths.     Ibid.,    1862,    ii., 

jl-    Liegois:  J.  de  m6d.  de  Paris,  479.     Lancet,  1873,  i.,  247,  3  deaths. 

1886,  xi.,   56.     Cameron:  Brit.   M.  Paterson: /Sid.,  323,  2  deaths.    Lan- 

J-,  1890,  ii.,  685.     Upshur:  N.  York  cat,  1880,  i.,  875.     Permewan:  Ibid. 

M-  J.,  1890,  Iii.,   583.     Bell:  Med.  1888,    ii.,    568.     Hill:  Brit.    M.  J., 

fsc.,  1895,  xlviii.,   893.     Feilchen-  1895,  i.,  301.     Rolfe:  Lancet,  1904, 

eld:  Klin.     Mtsbl.     f.    Augenhlk.,  ii.,  593. 

1896,  xxxiv.,  129.     Buxton:  Lancet,  '  Brit .  M.  J.,  1882,  i.,  939. 

Iw,   i.,    1147.     Cabanas:  J.  de  la 
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The  mussels  which  caused  th6  poisonings  at  Wilhelmshaven 
in  1885'  came  from  a  stagnant  basin;  but  those  which  were 
taken  from  the  neighborhood  of  the  sluices,  where  the  water 
was  changed,  were  not  poisonous.  The  poisonous  mussels, 
when  transplanted  to  pure  sea-water,  lost  their  poisonous  quality 
completely  in  from  two  to  four  weeks;  while  non-poisonous 
mussels  became  actively  toxic  after  two  to  three  Aveeks'  so- 
journ in  the  water  of  the  stagnant  basin.  From  the  poisonous 
mussels  Brieger^  obtained  a  basic  poison,  mytilitoxin,  CjHijNOj.^ 

Cases  of  illness  attributed  to  the  eating  of  lobsters,*  crabs,^ 
shrimps,^  and  periwinkles''  have  also  been  reported. 

In  cheese  poisoning  the  symptoms  are  chiefly  those  due  to 
irritation:  severe  vomiting,  first  of  watery,  then  of  reddish 
masses,  purging,  abdominal  pain,  dizziness,  and  prostration, 
beginning  in  from  one  to  four  hours.  Although  the  symptoms 
are  frequently  very  severe,  the  poisoning  very  rarely  terminates 
in  death.  The  few  fatal  cases  have  almost  all  been  in  young 
children.  The  poisonous  constituent  of  such  cheeses,  whether 
it  be  the  crystalline  base  of  Lepierre,'  the  so-called  tyrotoxicon 


'  Virchow:  Deut.  med.  Wchnschr., 
1885,  xi.,  831;  Virch.  Arch.,  1886, 
civ.,  161.     Salkowski:  Virch.  Arch., 

1885,  cii.,  578.  Wolff:  IbU.,  1886, 
ciii.,  187;  civ.,  180;  1887,  ex.,  376; 
Verh.  d.  Berl.  med.  Ges.,  1888, 
xviii.,  144.  Sehmidtmann :  Ztschr. 
f.  Med.-Beamte,  1888,  i.,  19,  49. 

2  Deut.  med.  Wchnschr.,  1885, 
xi.,  907;  Virch.  Arch.,  1888,  cxii., 
549,  1889,  cxv.,  483,  "Ptomaine," 
iii.,  76. 

'  For  other  cases  see :  Monod : 
Rev.  san,  de  Bordeaux,  1883^,  i.,  27. 
Descroizilles :  Rev.  mens.  d.  mal.  de 
I'enf.,  1885,  iii.,  249.  Schuster: 
Deut.  mied.  Wchnschr.,  1886,  xii., 
304.  Mobius:  Schr.  d.  naturw. 
Ver.  f.  Schles.-Holst.,  1886,  vi., 
2Hft.,  3.     Lohmeyer:  Virch.  Arch., 

1886,  civ.,  169;  Berl.  kl.  Wchnschr., 
1886,  xxiii.,  167.  Dubrisay:  Union 
m^d.,  1888,  3  s.,  xlvi.,  409.  Lind- 
ner: Deut.  med.  Ztg.,  1888,  ix., 
585,  597.  Manicus:  Hosp.  Tid., 
1S88,  3  R,,  vi.,  889.  Lustig: 
Arch.  ital.  de  biol.,  1889,  x.,  393. 
Bardet:  C.  r.  d.  trav.  du  lab.  de 
th^r.,  1889,  106.  Cameron:  Lan- 
cet, 1890,  ii.,  174.     Griffiths:  Ghem. 


News,  1890,  bdi.,  17.  McWeeney: 
Brit.  M.  J.,  1890,  ii.,  628.  Jourdain: 
C.  r.  Ac.  sc,  1891,  cxii.,  106.  Todd: 
Brit.  il.  J.,  1891,  ii.,  749.  Martyn: 
Ibid.,  1895,  i.,  1265.  Potiez:  J. 
de  pharm.,  Anvers,  1897,  liii.,  2,  47, 
90,  136,  178.  Thesen:  Arch.  f. 
exp.  P.  u.  P.,  1902,  xlvii.,  311. 
Plumert:  Arch.  f.  S.  u.  Trop.-Hyg., 
1902,  vi.,  15.  Lancet,  1904,  i., 
472.  Netter  et  Ribadeau-Dumas: 
C.  r.  Soc.  de  biol.,  1907,  Ixiii.,  81, 
263. 

*  Schram:  Med.  News,  1897,  Ixxi., 
659.  Georgii:  Munch,  med.  Wchn- 
schr., 1901,  xlviii.,  706.  Faidherbe: 
J.  d'hyg.,  1904,  xxix.,  37.  Stcher- 
bak:  Arch,  de  neurol.,  1907,  3  s., 
ii.,  401. 

=  Lancet,  1866,  ii.,  482,  3  deaths. 
Grancher:  Rec.  de  trav.  Com.  cons, 
d'hyg.,  1895,  xxv.,  134.  Fischer: 
St.  Pet.  med.  Wchnschr.,  1897, 
n.  F.,  xiv.,  472. 

'=Lee:  Loc.  Brd.  Chron.,  1884, 
xxii.,  76.  Whitby:  Lancet,  1898, 
ii.,  970. 

'  San.  Rec,  1SS3-4,  n.  s.,  v.,  355. 

"  C.  r.  Ac.  sc,  1894,  cxviii.,  476. 
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of  Vaughan'  (or  tyrotoxin  if  it  be  a  definite  compound),  or  the 
supposed  toxic  proteose  of  Taltaval,-  may  either  be  produced  by 
putrefactive  changes  in  the  cheese  or  may  preexist  in  the  milk 
from  which  it  was  made.^ 

Milk  has  been  known  to  produce  serious  outbreaks  of  poisoning 
or  disease.  ■  In  many  of  these  the  injurious  effects  are  to  be 
attributed,  not  to  the  existence  of  any  poison  in  the  milk,  but 
to  the  use  of  impure  water  as  an  adulterant.  It  has  also  been 
shown  that  the  milk  from  diseased  cows  is  capable  of  communi- 
cating similar  pathological  conditions  to  the  human  subject. 
But  apart  from  such  instances  of  disease  transferral,  cases  have 
occurred  in  which  true  poisoning  has  been  caused  by  milk.  Thus 
Firth*  describes  the  cases  of  ten  soldiers  in  a  military  prison. 
Of  these  one  abstained  from  the  milk  in  question,  and  was  not 
affected.  The  other  nine  were  seized  with  nausea,  vomiting, 
dryness  of  the  fauces,  a  sense  of  constriction  of  the  throat,  colic, 
purging,  and  a  tendency  to  collapse  in  some,  in  others  a  tendency 
to  stupor.  All  recovered.  A  substance,  semi-crystalline,  maw- 
kish in  odor,  pungent  in  taste,  extracted  from  this  milk,  and 
called  lactotoxin  by  Firth,  caused  nausea,  dryness  of  the  fauces, 
and  headache  in  the  human  subject,  and  purging  and  vomiting 
in  a  dog.^ 

'Vaughan  and    Novy:  "CeUular  Hoist:  Ctbl.  f.  Bakt.,  1896,  1  Abt., 

Toxins,"  46,  213,  323.  xx.,    160.     Vaughan    and    Perkins: 

'New  York  M.  J.,  1907,  Ixxxvi.,  Tr.  Ass.  Am.  Phys.,   1896,  xi.,   14. 

726.  Marpmann:  Cblt.  f.   Bakt.,  2  Abt., 

'For  other  cases  see:  Cameron:  1898,  iv.,  21.  Wesener  u.  Ross- 
Dubl.  J.  M.  So.,  1882,  3  s.,  Ixxii.,  mann:  Phila.  M.  J.,  1898,  i.,  1119. 
116.  Sternberg:  Rept.  Bd.  HIth.,  Anderson:  Intercol.  M,  J.  Austral., 
Mich.,  1884-5  (1886),  xiii.,  218.  1898,  iii.,  615,  657.  Card:  North- 
Baker:  Ibid.,  122.  Vaughan:  Ibid.,  west  Lancet,  1904,  xxiv.,  122. 
221.  Hoover  and  Probst:  Ibid.,  Federschmidt:  Munch,  med.  Wchn- 
1887-8  (1889),  125.  Ehrhardt:  schr.,  1907,  hv.,  1687.  Evans: 
Vereinsbl.  d.  pfals.  Aerzte,  1887,  Lancet,  1908,  ii.,  1443. 
iii.,  4.  Wallace:  M.  News,  1887,  li.,  ipractit.,  1887,  xxxix.,  75. 
69.  Drew:  Northern  Lancet,  1888,  'For  other  cases  see:  Warren: 
viii.,  267.  Camman:  New  York  Bost.  M.  and  S.  J.,  1880,  cm.,  505. 
M.  J.,  1889,  1.,  573.  Carhart:  Tr.  Corwin:  Phys.  and  Surg.,  1880,  n., 
Tex.  M.  Ass.,  1889,  243.  Martin:  201.  Brush:  Med.  Rec,  1882, 
Bost.  M.  and  S.  J.,  1889,  cxxi.,  512.  xxii.,  424.  Bourher:  Alger  m^d., 
Vaughan:  M.  and  S.  Reptr.,  1890,  1885,  xiii.,  163.  Newton  and  Wal- 
Ixiii.,  584.  Reed:  Texas  Hlth.  J.,  lace:  Med.  News,  1886,  xlix.,  343. 
1893-4,  vi.,  23.  Harvey:  Phys.  and  Demme:  Pediatr.  Arb.,  1890,  412. 
Surg.,  1894,  xvi.,  385.  Lepierre:  Gaffky:  Deut.  med.  Wchnschr., 
C-  r.  Ac.  sc,  1894,  cxviii.,  476.  1892,  xviii.,  297.  Winternitz:  Ztschr. 
Pfluger:  Med.  Corr.-Bl.  d.  Wiirt.  f.  physiol.  Chem.,  1892,  xvi.,  460. 
A.-Ver.,  1894,  cxiv.,  145.  Fulton:  Mackaye:  R.  I.  M.  Sc.  Monthly., 
Am.  J.  S.  and  Gyn.,  1894-5,  v.,  90.  1893,  i.,  571.— Brit.  M.  J.,  1894,  i., 
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Cases  of  illness  caused  by  articles  of  food  into  whose  com- 
position milk  enters,  such  as  puddings/  ice  cream, ^  etc.,  are  of 
occasional  occurrence. 

Acute  and  chronic  poisonings  have  been  produced  by  a  great 
variety  of  food  articles.  In  some  instances  acute  symptoms  are 
produced  in  certain  persons  by  a  peculiar  article  of  food  by 
reason  of  an  idiosyncrasy  of  the  individual.  Thus  some  persons 
are  rendered  severely  ill  by  eating  eggs,'  others  by  strawberries 
or  other  berries,*  etc.  In  other  cases  a  vegetable  food  has 
caused  poisoning,  either  by  retaining  a  harmful  ingredient  in 
consequence  of  improper  preparation,  as  by  eating  uncooked 
potatoes  or  the  ordinary  French  bean;  or  because  of  its  having 
undergone  decomposition,  as  in  the  numerous  cases  of  illness 
caused  by  tomatoes  and  other  "  canned  goods.  "  Peck'  has  re- 
ported a  singular  fatal  epidemic  caused  by  preserved  pears. 
Bread  and  other  food  articles  prepared  from  cereals  have  been 
the  cause  of  both  acute  and  chronic  poisoning,  either  in  con- 
secjuence  of  the  formation  of  a  toxic  bacterial  product  in  the 
grain  (maidism,  blue  bread),  or  because  of  the  admixture  of  a 
poisonous  vegetable  by  accident  (Lolium  temulentum,  Agro- 
stemma  githage,  ergotism,  lathyrism,  etc.). 

1881.     Gray:  Austral.  M.  J.,  1893,  (1889),  1890,  xii.,  232.     Hull:  Med. 

n.  s.,  XV.,   565;  Practit.,   1894,  lii.,  News,    1891,    Iviii.,    713.     Vaughan 

67.      Douglas:    Phys.     and     Surg.,  and  Perkins:  Tr.   Ass.   Am.  Phys., 

1896,     xviii.,     510,     527.     Koppen:  1896,    xi.,    14.     Nicholas:   Pediatr., 

Jb.  f.  Kinderhlk.,  1898,  n.  F.,  xlvii.,  1898,  vi.,  165.     Saquet:  Gaz.  m6d. 

372.     Czerny:  Ibid.,  387.     Zammit:  de  Nantes,  1907,  2  s.,  xxv.,  246. 

Brit.    M.    J.,    1900,    i.,    1151.     Le-  =  Hutchinson:   Brit.   M.   J.,   1886, 

blanc:  Lyon  m^d.,  1901,  xcvi.,  561.  i.,      1018.     Glassmacher:     Berl.    kl. 

Baird:  Va.  M.  Semi-Mthly.  1902-3,  Wchnschr.,  1886,  xxiii.,  666.   Orton: 

vii.,   241.     Jacobsen:  Ztschr.  f.  Fl.  Practit.,  1886,  xxxvi.,  265.    Broth- 

u.  Milch-Hyg.,  1904,  xv.,  86.     Vin-  ers:  Med.    Rec,    1887,    xxxi.,    545. 

cent:   Brit.    M.    J.,     1904,    i.,    302.  W.   R.,    Brit.    M.   J.,    1899,  i.,   644. 

Marien:  Union    med.    du    Canada,  Clemens:  Med.  News,  1904,  Ixxxiv., 

1906,  xxxvi.,  4.     Dufour:  Rev.  g^n.  746.     Miller:     Ibid.,      996.      Linos- 

de    olin.    et    de    ther,,    1907,    xxi.,  sier:  C.  r.  See.  de  bid.,   1905,  lix., 

53.       Kellogg:    Mod.     Med.,     1908,  547.     Davezac:   Gaz.    hebd.    d.    sc. 

xvii..  57.  med.  de  Bordeaux,  1906,  xxvii.,  746. 

'  Allen:     Sun.     Rec,     1878,    ix.,  Landmann:  J.   Am.   M.  Ass.,   1908, 

257;   M.  Times  and  Gaz.,  1878,  ii.,  li.,    86.     Vaughan:  Ibid.,    1.,    979. 

519.    Lombrose  e  Ottolenghi:  Giorn.  Anderson:      Ibid.,     785.-    Schofield: 

d.  r.  .-Vcc.  di  med.  di  Torino,  1890,  Lancet.    1908.   i.,   716.     Fox:  Ibid., 

3s.,xxxviii.,  757.  811.     Miller:  Med.  Rec,  1909,  Ixxv., 

-  Blaschke:     Vrtljschr.      f.      ger.  138.     Tyrode;   Bost.   M.  and  S.  J., 

Med.,  1884,  3  F.,  vii.,  362.     Gibson:  1909.  clx.,  718.  McKeen:  Ibid.,  797. 

Med.   Rec,  1SS6,  xxx.,  249.     Alia-  ■•  Broadbent:   Brit.  M.  J.,  1884,  i., 

ben:  Ibid.,   417.     Vaughan:      Ibid.,  267.     Amyot:  Ibid.,  986. 

306.     Smith:  Rept.  Bd.  Hlth.  Conn.  =  S.  Calif.  Pract.,  1910,  xxv.,  121. 
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CANTHARIDES. 

The  body  of  the  Spanish  fly  {Lytta  vcsicatoria)  and  of  certain 
related  beetles  {Cantharis,  Mylabris,  Alduc)  contain  an  acrid, 
irritant  substance  of  acid  nature: 

Cantharidin. — C10H12O4. — It  is  the  anhydrid  of  ccmtharidic 
acid,  an  alpha-ketonic  hydroaromatic  arid/  whose  potassium 
salt  is  used  medicinally.  It  crystallizes  in  four-sided  rhombic 
prisms,  very  sparingly  soluble  in  water,  soluble  in  800  alcohol, 
in  80  chloroform,  in  900  ether,  and  in  500  benzene,  soluble  in 
oils.  Its  salts  are  sparingly  soluble.  It  is  a  powerful  vesicant. 
We  find  reference  to  but  one  recent  case  of  poisoning  by  can- 
tharidin, that  of  a  man  of  60  years  who  died  in  12-14  hours 
after  having  swallowed  0.75  gm.  (IItV  gr.).^ 

Poisonings  by  cantharides  appear  to  have  been  of  more  fre- 
quent occurrence  in  France  than  elsewhere.  Of  the  more  re- 
cently reported  cases  the  majority  have  been  accidental  or 
medicinal,  very  few  suicidal.^  Among  the  accidental  cases  are ' 
several  following  external  application,  of  which  three  were  fatal.* 
Many  have  resulted  from  a  widespread  popular  belief  in  the 
aphrodisiac  power  of  cantharides;''  and  in  a  few  cases  it  has  been 
given  or  taken  as  an  abortive." 

Orfila'  gives  the  particulars  of  two  homicidal  poisonings  by 
cantharides:  the  Affaire  Poirier,  in  1846,  an  unsuccessful  at- 
tempt in  which  cantharides  plaster  was  added  to  soup;  and  the 
Affaire  J.  B ,  in  1849,  in  which  a  woman  repeatedly  ad- 
ministered cantharides  to  her  husband  in  his  food  and  in  ene- 

'Homolka:  Berichte,  Berl.,  1886,  "Handb.   der  ger.   Med.,"   ii.,   738. 

xix.,  1082.  Spiegel: /6id.,  1892,  x.xv.,  Orfila:  "Tox.   gen.,"    5eme  ed.,  ii., 

1468,  2956;  1893,  xxvi.,  140.  Gold-  Ui,  et   seq.  Christison:    Loc  cit.,  p. 

Schmidt:  Chem.-Ztg.,  1904,  xxviii.,  474.  Beck:  "Med.  Jur.,"  12  ed.,  ii., 

80.  742-5.     Williams:  M.  and  S.Reptr., 

'Lhote    et  Vibert:    Ann.    d'hyg.,  1830-1.,     ii.,    360.     Kelly:     Dublin 

1892,  3s.,  xxviii.,  228.     Orfila   (Op.  Hosp.   Gaz.,   1855,  ii.,   163.    Kuby: 

A.  infra)  refers  to  two  early   non-  Friedreich's  Bl.  f.  ger.  Med.,  1875, 

fatal  cases.  xxvi.,  330.    Schley:  Hahnem.  Mtly., 

'Brown:  Best.  M.  and  S.  J.,  1880,  1878,  xiii.,  641.     Fabre. :  Gaz.  med. 

cii.,  107.    Harris: Indian  M.  J.,  1885,  de  Paris,  1849,  7  s.,  vi.,  546.    Scholz: 

!y.,671.    Orfila:     "Tox."    5(5me  ed.,  Jbt.  d.  Wien.  k.-k.     K.-Anst. 

"■'  176.  (1894),  1896,  iii.,  565.    Martley:  Tr. 

Christison:  "Poisons,"  Am.  ed.,  Roy.  Ac.  M.,  Irel.,  1904,  xxii.,  376. 
*'5.    Guibourt:  Gaz.  d.  hop.,   1866,  "  Goeden:  Vrtljschr.  f.  ger.  med., 

xxxix.,    480.     Canby    et    Fraenkel:  1856,    ix.,    108.     Beck:    N.    Amer. 

gull,  et  m^m.  Soo.  m^d.  d.  hop.  de  Practit.,  1891,  iii.,  522.     Orfila:  Op. 

i^ans,  1896,  3  s.,  xiii.,  757.  cit,  ii.,  180. 

ochauenstein:     Maschka's         'Op.  cit.,  ii.,  192,  195. 
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mata.  In  the  case  of  Mad.  Druaux,  in  1887,  a  woman  was  con- 
victed of  murder  by  cantharides,  but  subsequent  events  proved 
the  death  to  have  been  due  to  carbon  monoxid.^  In  Reg.  v. 
Royal,  1859,^  a  woman  died  in  four  days,  apparently  from  the 
effects  of  cantharides;  and  in  another  English  case  of  the  same 
year,^  a  man  administered  cantharides  in  food  to  a  female  fellow- 
servant  and  six  others  of  the  household,  but  was  discharged 
because  "there  was  no  criminal  law  to  meet  the  case."  Taylor* 
mentions  two  prosecutions  for  administration  of  cantharides  to 
females,  one  in  1836,  the  other  in  1861.  In  England  in  1852 
a  man  was  acquitted  of  an  attempt  to  administer  cantharides  on 
the  ground  that  it  may  have  been  "intended  as  a  joke."°  In  an 
Austrian  case  a  woman  was  suspected  of  having  murdered  her 
husband  by  cantharides,  but  the  prosecution  was  abandoned 
upon  the  appearance  of  evidence  that  the  deceased  had  taken  it 
himself  as  an  aphrodisiac." 

Ssanptoms. — The  action  of  cantharides  is  that  of  an  intense 
local  irritant,  either  upon  the  parts  to  which  it  is  first  applied 
or  upon  the  urinary  organs  during  their  elimination  of  the  poison. 
Applied  to  the  skin  it  produces  pain,  redness,  swelling,  and,  by 
more  prolonged  contact,  vesication.  When  taken  by  the  mouth 
it  causes  immediate  burning  pain  in  the  mouth  and  throat, 
which  extends  to  the  entire  alimentary  canal  and  becomes  most 
intense.  There  are  intense  thirst,  vomiting,'  purging,  frequently 
of  bloody  stools,  difficulty  in  swallowing,  and  pain  in  the  region 
of  the  kidneys  and  bladder.  In  most  of  the  cases  in  the  male  there 
is  painful  priapism,  and  in  the  pregnant  female  abortion;  in  both 
sexes  strangury,  with  bloody  urine,  or  the  voiding  of  pure  blood. 
The  pulse  is  accelerated,  the  respiration  impeded,  and  nervous 
disturbances,  headache,  dilatation  of  the  pupil,  vertigo,  delirium, 
convulsions,  trismus,  coma,  and  collapse. 

Treatment. — The  stomach  should  be  evacuated  with  the 
siphon,  or  by  apomorphin,  and  the  intestine  by  mild  purga- 

'  See  p.  1119.  to    that    of    Cockburn   in  the  case 

'  Ph.  J.  and  Tr.,   1859-60,  n.  s.,  cited  on  p.  54. 

i.,  150.  ^Schumacher:  Wien.  med.  Wchn- 

=  Ihid.,  p.  3SS.  sohr.,  1864,  xiv.,  702,  719,  729. 

^  "Poisons,"  3d  Am.  ed.,  508.  '  In  an  early  case  the  patient  on 

"Med.  Times  and    Gaz.,  1852,  n.  the  second  day  discharged  a  cast  of 

s.,  iv.,  255.     The  opinion  of  Justice  the       oesophagus.        (Rouquayrol: 

Coleridge  in  this  case    was    similar  Edinb.  M.   and  S.  J.,  1830,  xxxiv., 

214.) 


CANTHARIDKS.  1115 

tives.  Morphin  and  mucilaginous  drinks  should  be  given  to 
control  the  pain.  Oily  foods  or  medicines  are  to  be  avoided  as 
favoring  solution. 

Post-mortem  Appearances.— The  mucous  membrane  of  the 
entire  ahmentary  tract  is  found  highly  inflamed,  and  some- 
times marked  with  ulcerations  and  vesications.  The  kidneys 
are  the  seat  of  paranchymatous  inflammation,  and  the  bladder 
is  also  inflamed  and  its  blood-vessels  injected. 

Detection. — When  the  powdered  drug  has  been  taken,  the 
shining,  green  particles  of  outer  portions  of  the  beetle  may  be 
found  in  the  stomach,  vomit^  or  washings.  Although  canthari- 
din  is  sparingly  soluble  it  may  be  encountered  in  the  benzene 
extract  from  the  acid  aqueous  liquid  in  the  systematic  process 
(see  p.  160).  When  the  history  of  the  case  points  toward  can- 
tharides  poisoning,  Dragendorff's  direct  method  should  be 
adopted.  The  finely  divided  material  is  heated  with  aqueous 
potash  (1  KHO  :  12-15  HjO)  until  a  uniform  fluid  is  obtained. 
This  is  cooled,  thinned  with  water  if  necessary,  and  shaken 
with  chloroform  to  free  it  from  other  substances  soluble  in 
chloroform.  After  separation  of  the  chloroform  the  alkaline 
liquid  is  supersaturated  with  sulfuric  acid  and  immediately 
mixed  with  four  volumes  of  alcohol.  The  mixture  is  boiled  for 
some  time,  filtered  hot,  strongly  cooled,  again  filtered,  and  the 
filtrate  freed  from  alcohol  by  distillation.  The  acid  aqueous 
solution  is  then  extracted  by  chloroform  by  agitation,  and  the 
residue  of  evaporation  of  the  chloroform  tested  as  to  its  irritat- 
ing and  vesicating  power,  by  solution  in  warm  oil  and  application 
to  the  skin  of  the  inside  of  the  arm.  Cantharidin  may  be  directly 
extracted  from  urine  by  chloroform  after  acidulation  with  sul- 
furic acid. 


SYNTHETIC  POISONS. 

In  this  class  are  included  poisonous  organic  substances  (com- 
pounds of  carbon)  which  either  have  no  existence  in  nature  or 
occur  naturally  only  in  minute  quantity;  substances  which  are 
the  products  of  the  chemical  laboratory  or  of  industrial  pro- 
cesses. The  number  of  such  compounds  known  to  chemists 
is  great  and  daily  increasing,  and  some  of  them,  having  been 
applied  to  uses  in  the  arts  and  in  medicine,  are  now  within  the 
reach  and  knowledge  of  all  persons,  and  even  the  most  unedu- 
cated are  acquainted  with  their  poisonous  qualities,  if  such  they 
possess. 

The  toxicology  of  many  of  these  poisonous  synthetic  products 
has  been  studied,  and  instances  of  accidental  poisoning  by 
them  have  been  observed.  Only  a  few  of  them,  however,  have 
thus  far  been  subjects  of  interest  in  forensic  toxicology. 

CARBON  MONOXID. 

Carbon  monoxid  (carbonic  oxide),  CO,  is  a  colorless,  taste- 
less gas,  practically  odorless;  sp.  gr.  0.9678  A.;  very  sparingly 
soluble  in  water  and  in  alcohol.  It  burns  in  air  with  a  blue 
flame,  and  forms  explosive  mixtures  with  air  or  oxygen.  At 
high  temperatures  it  is  a  powerful  reducing  agent.  It  is  pro- 
duced when  carbon  is  burnt  with  a  deficient  supply  of  air,  and 
by  decomposition  of  formic  or  oxalic  acid  or  potassium  ferro- 
cyanid  by  sulfuric  acid.  It  is  generated  in  some  industrial 
processes,  as  in  the  manufacture  of  acetone  and  of  rosolic  acid 
and  in  the  Leblanc  soda  process. 

Poisonings  by  the  pure  gas  are  of  very  exceptional  occurrence.' 
It  is  from  mixtures  of  gases,  usually  resulting  from  the  imperfect 
combustion  of  carbon,  or  in  illuminating  gases  that  carbon  mon- 
oxid poisoning  generally  results.  From  incomplete  combustion 
of  carbon  the  monoxid  exists  in  flue  gases  or  those  generated 

'Sachs     ("Kohlenoxyd-Vergif-      poisonings  of  the  chemists  Wharmby 
tung"    1900,    p.    14)    refers   to   the      and  Cheneau  by  this  gas. 
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in  coal  stoves^  and  from  gas  burners,"  pai'ticularly  when  the  draft 
is  bad  (one  to  seventeen  per  cent.),  in  the  gases  from  blast  and 
copper  smelting  furnaces^  (thirteen  to  thirty-two  per  cent.),  in 
the  gases  from  smouldering  wood,^  from  burning  charcoal,  from 
lime-kilns,^  from  explosions  of  fire  damp,  or  coal  dust,"  or  gun- 
powder,' or  high  explosives,^  or  celluloid,^  and  in  tobacco  smoke." 
The  proportion  of  carbon  monoxid  in  illuminating  gas  varies 
greatly  according  to  its  origin,  from  4  to  7.5  per  cent,  in  coal 
gas  to  30  to  35  per  cent.,  in  "water  gas."  Almost  all 
the  illuminating  gas  now  manufactured  is  of  the  latter  variety. 

The  actively  toxic  character  of  carbon  monoxid,  its  lack  of 
odor  (unless  mixed  with  odorous  gases)  and  the  very  common 
fulfilment  of  the  conditions  under  which  it  may  be  discharged 
into  inhabited  spaces  render  it,  practically,  the  most  dangerous 
of  toxic  gases.     In  illuminating  gas  there  is  a  certain  factor  of 

'For  recent  poisonings  from  tliis 
origin  see:  Gamier  et  Parisot:  J.  de 
mM.  de  Paris,  1904,  2  s.,  xvi.,  485. 
Thompson:  Tr.  Roy.  Ac.  M.,  Ire- 
land, 1905,  xxiii.,  376.  Noer:  Wis- 
consin M.  J.,  1906-7,  v.,  7:3.  Flem- 
ing: Edinb.  M.  J.,  1906,  n.  s.,  xx., 
248.-:   Brit.   M.  J.,  1908,  ii.,  1920. 

^  The  use  of  gas  burners,  without 
provision  for  the  discharge  of  their 
products  externally,  for  heating 
small  rooms  or  water  have  caused 
many  poisonings,  e.g.:  Wahncau: 
Vrtljschr.  f.  ger.  Med.,  1892,  3  F., 
xviii.,  314.  Soheven:  Deut.  med. 
Wchuschr.,  1904,  xxx.,  20.  Hamm: 
Ibid.,  p.  956.  Leffmann:  J.  Am.  M. 
Ass.,  1905,  xliv.,  1729.  Z— :  Gaz. 
mM.  de  Paris,  1904,  12  s.,  iv.,  573, 
cases  of  Zola  and  Syveton.  — : 
Chron.  m^d.,  1904,  xi.,  814,  case  of 
Syveton.  Hall:  Lancet,  1910,  i., 
1467.  When  the  burner  has  been 
used  to  heat  the  water  of  a  bath  a 
question  between  death  by  poisoning 
or  by  drowning  may  arise.  See 
MuUer:  Cor.-Bl.  f.  Schweiz.  Aerzte, 
1897,  xxvii.,  257.  Schaeffer:  Vrt- 
ljschr. f.  ger.  Med.,  1899,  3  F., 
xviii.,  123. 

,  A  multiple  poisoning  from  this 
origin  is  reported  by  Gamier:  Ann. 
dhyg.,  1908,  4  s.,  x.,  59.  See  also 
Woer:  Loc.  cit. 

'Dufour:  Marseille  m^d.,  1908, 
xlv.,  464.  Coullaud:  Ann.  d'hyg., 
1909,  4  s.,  xii.,  490. 


^  Lande:  J.  de  m^d.  de  Bordeaux, 
1896,  XXV.,  557.  See  Aff.  Druaux, 
p.  1119. 

"  Lancet,  1897,  i.,  1424.— :Brit.  M. 
J.,  1898,  ii.,  32.  Zangger:  Vrt- 
ljschr. f.  ger.  Med.,  1907,  3  F., 
xxxiv.,  225. 

'Scott:  Brit.  M.  J.,  1896,  ii.,  907. 

^  Delerade:  Echo  m4d.  du  nord, 
1905,  ix.,  98.  Lewin  u.  Pappen- 
berg:  Arch.  f.  exp.  P.  u.  P.,  1909, 
Ix.,  434. 

'Waldo:  Brit.  M.  J.,  1907,  ii., 
1750.  Coullaud:  Loc.  cit.  Other 
exceptional  origins  are  from  kero- 
sene lamps:  Le-sser:  "All.  d.  ger. 
Med.,"  1883,  i.,  141.  Puppe:  Zt- 
schr.  f.  Med.-Beamte,  1899,  xii., 
706;  from  a  gasolene  stove:  Hana- 
walt:  Kansas  City  M.  Index,  1893-4, 
xii.,  118;  from  a  gasolene  motor: 
Barclay:  New  Zeal.,  M.  J.,  1909, 
vii.,  42;  from  cab  heaters: 
Briand:  Bull,  m^d.,  1907,  xxi.,  653. 
Brouardel:  "Les  asphyxies," 
1896,  29. 

'» Tobacco  smoke  contains  about 
80  c.c.  of  CO  for  every  gram  of 
tobacco  burnt.  It  is  not  absorbed 
unless  the  smoke  is  inhaled,  and 
plays  no  part  in  tobacco  poisoning 
as  it  usually  occurs  in  man.  See 
Grehant:  "Les  Poisons  de  I'air," 
229,  et  seq.  Thompson:  Lancet, 
1904,  i.,  395.  Fleig:  C.  r.  Ac.  sc, 
1908,  cxlvi.,  776. 
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safety  in  the  odor  of  the  hydrocarbons  which  accompany  carbon 
monoxid,  but  this  has  not  prevented  many  accidental  poisonings, 
as  the  odor  may  not  be  perceived  by  persons  in  deep  sleep  or  with 
defective  sense  of  smell.  As  the  hydrocarbons  are  absorbed  by 
earth  to  a  considerable  extent,  the  protective  odor  of  the  gas 
may  be  partially  or  completely  removed  by  its  filtration  through 
earth.  Cases  are  reported  in  which  the  gas  has  so  permeated 
from  leaks  in  service  gas  pipes  through  considerable  distances, 
and  has  caused  fatal  poisonings  in  apartments  to  which  it  has 
penetrated.*  Nor  does  the  odor  afford  protection  if  the  gas  be 
slowly  added  to  the  atmosphere  of  a  room  in  which  a  person  is 
sleeping,  as  is  evidenced  by  many  cases  of  fatal  poisoning  caused 
by  gas  lights  which  have  been  turned  low  having  been  blown 
out  or  extinguished  by  temporary  fall  of  pressure.^  In  the  gases 
from  stoves,  furnaces,  and  burning  gas  Jets  this  factor  of  safety 
is  absent.  Once  the  smoke  produced  in  the  kindling  of  a  fire 
has  ceased  to  be  given  off,  the  gases  from  coal  have  but  a  slight 
and  practically  unnoticeable  odor. 

The  number  of  accidental  and  suicidal  poisonings  in  the  large 
cities  from  carbon  monoxid  now  exceeds  that  of  similar  poison- 
ings by  any  other  agent.  Nearly  one-half  of  the  accidental 
poisonings  in  New  York  City  in  1889-92  were  by  illuminating  gas, 
and  the  same  agent  was  used  by  suicides  more  frequently  than 
any  other  poison  except  Paris  green  and  "rat  poison."^  In 
France  a  very  common  method  of  suicide  is  by  inhalation  of  the 
fumes  of  burning  charcoal. 

There  are  but  few  references  in  toxicological  literature  to 
homicidal  poisonings,  unaccompanied  by  simultaneous  suicide, 
by  gases  owing  their  toxicity  to  carbon  monoxid.     In  one  of 

1  Thirteen  meters  {ca.  42  ft.)   in      reich's  Bl.  f.  ger.  Med.,  1906,  Ivii.j 
Causs^'s   case    (Ann.   d'hyg.,    1S75,       197.     Glaister:    Lancet,    1906,    ii., 

2  s.,  xliv.,  353)  and  35  meters  (ca.       1578,  1694. 

115  ft.)  in  Kober's  case  (Ibid.,  1881,  ^  Besniers:     "Intox.    p.    le    gaz 

3  s.,  v.,  362).  In  Jan.,  1907,  at  d'^clair.,"  Paris,  1906. 
Winooski,  Vt.,  a  family  of  two  'For  statistics  see:  Stoermer: 
adults  and  four  children  were  found  Vrtljschr.  f.  ger.  Med.,  1895,  3  F., 
dead,  asphj^xiated  by  illuminating  ix.,  '373.  Draper:  Times  and  Reg- 
gas  from  a  broken  main  in  a  house  ist.,  1896,  xxxi.,  201.  Tanner: 
which  had  no  gas  connection.  See  Ibid.,  208.  Dutgin:  Am.  Publ. 
also:  Wesche:  Vrtljschr.  f.  ger.  Med.,  Hlth.  Ass.  Rept.,  1902,  xxviii.,  130. 
1876,  n.  F.,  XXV.,  276.  Biefel  u.  Dishrow:  J.  M.  Soc.  N.  Jers., 
Poleck:  Ztschr.  f.  Biol.,  1S77,  xvi.,  1905-6,  ii.,  327.  Glaister:  Lancet, 
3.  Martin:  Lyon  m^d.,  1904,  eiii.,  1906,  ii.,  1578,  1649.  Egbert:  Med. 
.993.     MoWeeney:  Dublin  J.  M.  Sc,  Bull.,  1906,  xxviii.,  124. 

1904,    cxviii.,    17.     Wende:    Fried- 
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Liman's  cases^  it  was  questioned  whether  the  deaths  of  four 
persons  by  illuminating  gas  were  accidental,  suicidal  and  homi- 
cidal, or  purely  homicidal.  Kolisko^  refers  to  the  case  of  a 
young  man  who  attempted  parricide  by  turning  on  the  gas  after 
having  committed  a  robbery.  In  the  Aff.  Schmit  in  France  in 
189P  death  was  due  to  acute  alcoholism,  although  criminal 
stove-gas  poisoning  was  suspected.  In  a  case  in  New  Jersey  a 
man  enticed  two  boys  into  a  room  in  a  hotel,  where,  when  they 
slept,  he  turned  on  the  gas  and  left  them,  having  closed  the 
room,  in  which  they  were  found  dead  in  the  morning. 

It  is  obvious  that  the  solution  of  the  question  whether  the 
poisoning  was  accidental,  suicidal,  or  murderous  can  only  be 
indirectly  aided  by  medical  or  chemical  evidence,  and  if  found 
at  all,  must  depend  upon  the  circumstances  of  the  case,  which 
may  also  be  quite  misleading.  In  the  case  of  Peo.  v.  Wardell  in 
New  York  City  in  1909,  the  defendent,  after  conviction  for 
manslaughter  in  aiding  and  abetting  his  wife  to  commit  suicide, 
confessed  that  when  she  was  sleeping  soundly  he  attached  a 
pipe  to  the  gas  jet  and  put  it  into  her  mouth.  He  then  put  a 
revolver  to  her  temple  and  shot  her,  to  make  it  appear  that 
she  had  committed  suicide.  In  another  New  York  case  in 
January,  1910,  the  dead  body  of  a  man  was  found  tied  in  a  chair 
beneath  a  broken  gas  pipe,  yet  the  manner  of  the  tying  and  the 
other  circumstances  indicated  suicide. 

Carbon  monoxid  poisoning  may  be  of  forensic  interest  in 
other  connections.  In  the  Aff.  Druaux*  in  France  in  1887  a 
woman  was  convicted  of  a  double  murder  by  cantharides.  After 
she  had  served  nearly  six  years  of  a  sentence  of  life  imprisonment 
she  was  liberated,  with  a  substantial  award  of  damages,  it 
having  been  demonstrated  by  subsequent  events  that  the  deaths 
had  been  caused  by.  carbon  monoxid  from  a  hme  kiln  adjoining 
the  house  in  which  they,  and  others  later,  had  occurred.  The 
woman  herself  had  shown  the  stupefying  effects  of  carbon  mon- 
oxid at  the  time.  Or  illuminating  gas  may  be  resorted  to  to  con- 
ceal a  murder  effected  by  other  means.  In  the  case  of  Reg.  v.  Chan- 


'Casper-Liman:  "Handb.  d.  ger.  *  Brouardel,    Descoust   et    Ogier: 

Med.,"  8te  Aufl.,  ii.,  610.  Ann.  d'hyg.,  1894,  3  s.,  xxxi.,  376, 

'von  Hofmann:  "Lehrb.  d.  ger.  459.     Girard:  J.  de  mM.  de  Pans, 

Med.,"  9  te  Aufl.,  729.  1896,  2  s.,  viii.,  529.     "Proces  o616- 

...'  Gr^ant:  Ann.  d'hyg.,  1905, 4  s.,  bres,"  Paris,  1896-7,  iv.,  261. 
m.,  542.                        ^^ 
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trelle'  the  defendant,  convicted  in  Edinburgh  in  1878  of  having 
poisoned  his  wife  by  opium  to  secure  payment  of  an  accident 
insurance,  had  attempted  to  produce  the  impression  that  the 
deceased  had  been  killed  by  escaping  gas.  The  autopsy  and 
analysis  showed  that  death  could  not  have  been  due  to  this  cause. 
Cases  in  which  the  concealment  of  death  by  mechanical  means 
by  establishment  of  a  presumption  of  accidental  gas  poisoning 
was  attempted  are  reported  by  Ollivier,-  Devergie,^  Maschka,* 
Treitz,^  Liman,°  Zenker,'  and  Kompe.^  In  this  connection  the 
question  whether  the  presence  of  carbon  monoxid  in  a  partially 
burnt  body  necessarily  indicates  that  death  has  resulted  from 
that  cause,  or  whether  the  gas  may  penetrate  a  cadaver,  may 
be  of  interest.  The  experiments  of  Strassmann  and  Schulz' 
have  shown  that  there  is  no  part  of  the  cadaver  to  which  carbon 
monoxid  may  not  penetrate  by  diffusion  with  sufficiently  long 
exposure  in  air  containing  that  gas. 

Reubold"^"  reports  the  case  of  a  quack  who  resorted  to  the 
stupefying  effect  of  coal  fumes  in  an  attempt  to  mishandle  a 

girl- 
One  of  the  effects  of  carbon  monoxid  is  sometimes  to  produce 
a  condition  of  violent  mental  excitement  in  which  the  subject 
may  commit  acts  of  extreme  violence  not  only  upon  himself  but 
also  upon  others. ^"^ 

Carbon  monoxid  poisoning  may  also  be  of  interest  in  civil 
cases,  as  when  the  conditions  under  which  death,  or  a  condition 
of  chronic  poisoning,  results  amount  to  criminal  negligence  on 
the  part  of  another;'^  or  when  it  is  claimed  that  an  insurance 
policy  has  been  voided  by  suicide  or  by  "  contact  with  poisonous 
substances.'"* 

1  Smith:  "Trial  of  Eugene  Marie  »  Beri.  kl.  Wchnschr.,  1904,  xli., 

Chantrelle,"  London,  1906.  1233.     Wachholz     u.      Lemburger: 

"  Ann.  d'hyg.,  1838,  xx.,  114,  Aff.  Vrtljschr.  f.  ger.  Med.,   1902,  3  F., 

Lion-Ferrand.  xxiii.,  223.     Leonpacher:  Fr.  Bi.  f. 

'Ihid.,    1840,   xxiii.,    176;   "Med.  ger.  Med.,  1904,  Iv.,  66. 

16g.,"  3  ed.,  iii.,  123,  Aff.  Amoureux,  "Friedreich's    Bl.    f.   ger.   Med., 

also  p.  126,  Aff.  Lion-Ferrand.  1897,  xlviii.,  S7. 

*  Vrtljschr.  f.  d.  prkt.  HIk.,  1865,  "  Landgraf :  Ihid.,  1894,  xlv.,  172, 

Ixxxv.,  115,  Glogauer  Fall.  Fall     Schmidt.     Feder schmidt : 

'■"  Ihid.,  p.  139,  same  case.  Mtinch.      med.    Wchnschr.,      1909, 

"  Casper-Liman:  "Handb.  d.  ger.  Ivi.,  1483. 

Med.,  8te  Aufl.,  ii.,  69,  604,  607.  '^  Smith:  J.  State  Med.,  1902,  x., 

'  Deut.   Arch.   f.   kL   Med.,    1871,  729.       Lancet,       1902,      ii.,     1570. 

viii.,  .'52.  Lewin:  Med.  Klin.,  1907,  iii.,  146. 

"  Friedreich's    Bl.    f.    ger.    Med.,  ''  See  this  work,  vol.  iii.,  137, 140. 
1905,  Ivi.,  97,  174. 
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It  has  been  established  by  several  cases  that  when  two  or 
more  persons  are  exposed,  for  the  same  period  of  time,  to  the 
same  poisonous  atmosphere,  one  or  more  may  die  and  the  other 
or  others  may  recover,  or  the  degrees  in  which  the  several  individ- 
uals are  effected  may  vary  greatly.  In  New  York  two  girls  of 
about  the  same  age  were  simultaneously  poisoned  by  remaining 
in  a  room  the  air  of  which  was  contaminated  by  gases  escaping 
from  a  leaky  furnace  flue.  One  died  and  the  other  recovered. 
Many  other  cases  of  death  and  survival  under  similar  conditions 
of  exposure  have  been  reported.'  If  there  be  a  difference  in  the 
positions  of  those  exposed,  those  nearest  to  doors  or  windows 
suffer, the  least,  and  those  nearest  the  floor  the  most.^  When 
two  persons  are  found  dead  from  gas  the  question  of  priority  of 
death  may  be  the  subject  of  inquiry.  In  the  Aff.  Tarbe  des 
Sablons,  in  France  in  1900  the  expert  evidence  upon  this  point 
was  contradictory.' 

Lethal  Dose.^See  "Method  of  Action."  Cases  of  poisoning 
by  short  duration  of  exposure  are  reported  by  Vienne  and  Trou- 
chaud  in  a  child  of  eight  years  seriously  affected  by  an  exposure 
to  a  contaminated  atmosphere  of  2  to  3  minutes;*  and  by  Coul- 
laud  in  a  fireman  killed  by  a  sojourn  of  10  minutes  in  a  cellar 
during  a  fire.^ 

Duration. — In  many  cases  the  victim  is  found  dead,  or  dies 
within  a  few  minutes.  Fatal  cases  of  long  duration  are  re- 
ported by  Long  and  Wicki,  36  days/  and  by  Sibelius,  3  months.' 

'Tourdes:  "Rel.  m6d.  16g.  d.  as-  Pearson:     Lancet,     1908,     i.,     558. 

phyx.   p.    le  gaz    d'eclair.,"     1841.  Federschmidt:  Munch,  med.  Wchn- 

Pochhammer:  Gen.   Ber.  d.  Rhein.  sclir.,  1909,  Ivi'.,  1483. 

med. Coll.  (1843),  1845, 118.     Elken-  "  Edit.:  Gaz.  mM.  de  Paris,  1902, 

dorf:  Ibid.,    119.     Maschka:    Vrtlj-  12    s.,  ii.,   303,  case  of  Zola.     Z— : 

schr.  f.  d.  prkt.  Hlk.,  1865,  Ixxxv.,  Ibid.,    1904,   12  s.,  iv.,  573,  case  of 

115    (the     Glogau   case).     Zenker:  Syveton.      Wolf:        Miinch.       med. 

Deut.  Arch.  f.  kl.  Med.,  1871,  viii.,  Wchnschr.,     1903,    1.,    256,    horses. 

52.     Causs6:     Loc.      cit.       Briand,  Martin:  Lyon  m6d.,   1904,  ciii.,  993. 

Chaud6  et   Bouis:   "Man.   de  med.  'Lacassagne:     Arch,     d'anthrop. 

'^g-,"    10    ed.,     i.,     593.     Langer:  crim.,     1903,    xviii.,    385.     Chasse- 

Prag.  med.  Wchnschr.,  1892,  xvii.,  vent:  J.  de  m6d.  de  Paris,  1905,  2  s., 

453.    Lande:    J.  de  mM.   de   Bor-  xvii.,    30.     Wandel:    Aerztl.    Sach- 

deaux,    1896,    xxvi.,    557.     Jones:  verst.    Ztg.,    1908,    xiv.,    245.     See 

Bnt.  M.  J.,   1896,  ii.,   1443.     Gra-  this  work,  vol.  ii.,  p.  346. 

nam:  Canada  Lancet,   1897,  xxix.,  *  Nord  m6d.,  1897,  iii.,  90. 

427.    Pariset:  Rev.   m^d.   de  I'est,  =  Ann.  d'hyg.,  1909,  4  s.,  xii.,  490. 

1904,    xxxvi.,     706.     McWeeney:  "  Rev.   m^d.   de  la  Suisse  Rom., 

Dublin  J.  M.  Sc,  1904,  cxviii.,  17.  1902,  xxii.,  172. 

Heidler:    Prag.     med.     Wchnschr.,  '  Ztschr.  f.  kl.  Med.,  1903,  xlix., 

J904,  xxix.,  377.     Johnson:  Denver  111. 
'>1-    Times,     1907-8,     xxvii.,     70. 
IV.-71 
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Recovery  is  usually  complete  within  a  few  days,  but  sometimes 
after-effects  persist  for  weeks/  months/  or  even  years.  ^ 

The  method  of  action  of  carbon  monoxid,  whatever  be  its 
origin,  is  clearly  defined.  All  of  the  manifestations  which  it 
produces  are  due,  directly  or  indirectly,  to  a  chemical  action  upon 
the  coloring  matter  of  the  blood.  The  function  of  the  red  pig- 
ment of  the  blood  corpuscles  (hsemoglobin)  is  to  carry  oxygen 
from  the  lungs  to  the  tissues,  a  function  which  it  exerts  by  its 
capacity  to  become  oxidized  in  the  lungs  and  deoxidized  in  the 
tissues.  Oxygen  and  carbon  monoxid  both  combine  chemically 
with  haemoglobin,  and  in  equal  molecular  proportions,  therefore 
in  equal  volumes.  But  the  compound  with  oxygen  is  quite 
unstable,  and  readily  gives  off  its  oxygen,  while  that  with  carbon 
monoxid  is  relatively  stable,  and  is  not,  except  as  indicated 
below,  decomposed  by  oxygen.^  The  primary  action  of  the 
poison  is  to  produce  a  kind  of  internal  asphyxia,  and,  as  a 
consequence  of  this  deprivation  of  oxygen,  the  nutrition 
of  all  of  the  tissues  is  impaired,  and  those  suffer  the  earhest 
and  the  most  profoundly  which  are  the  greatest  consumers 
of  oxygen,  the  central  and  peripheral  nervous  system  and  the 
heart. 

The  absorption  of  carbon  monoxid  by  the  blood  takes  place 
quite  rapidly.  Gr6hant^  showed  that  the  blood  of  the  dog  in  an 
atmosphere  containing  fj,  vol.  of  carbon  monoxid  took  up 
four  per  cent,  of  the  oxid  in  25  seconds,  and  18.4  per  cent,  in 
1^  minutes.  Haldane'  estimates  that  when  air  containing  car- 
bon monoxid  is  breathed  about  one-half  of  the  gas  is  absorbed 
and  that  the  time  required  for  the  production  of  sensible  symp- 
toms in  an  adult  man  depends  upon  the  time  required  for  the 
inhalation  of  660  c.c,  or  the  absorption  of  330  c.c.  of  the  pure 
gas.  Carbon  monoxid  is  also  absorbed  from  the  abdominal 
cavity.' 

Although  there  is  no  communication  between  the  maternal 
and  foetal  blood  vessels  in  the  placenta,  carbon  monoxid  passes 

'  Van   Orden:   Occid.   M.   Times,  carbon  monoxid-hsemoglobin;  OHb 

1903,  xvii.,  334,  3  weeks.  for    oxyhsemoglobin;    and    Hb    for 

"  Glynn:  M.  Press  and  Circ,  1895,  haemoglobin, 
n.  s.,  lix.,  385,  5  months.  'Ann.  d'hyg.,  1879,  3  s.,  ii.,  97. 

'Petit:  Independ.  m6d.,  1898,  iv.,  «  J.  of  Physiol.,  1895,  xviii.,  430. 

178,  3  years.  '  Richter:  Deut.  med.  Wchnschr., 

« The  formula  COHb  is  used  for  1895,  xxi.,  516. 
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into  the  fcetal  blood  when  the  mother  is  poisoned  by  this  gas, 
but  it  does  not  attain  a  necessarily  lethal  percentage.' 

Death  occurs  before  the  blood  has  become  completely  satu- 
rated with  carbon  monoxid,  that  is  before  all  of  its  OHb  has 
been  converted  into  COHb.  In  experiments  with  animals 
death  has  followed  when  sixty  to  seventy  per  cent,  of  the  Hb 
has  been  converted  into  COHb.  Therefore  death  occurs  when 
the  respiratory  capacity  of  the  blood  has  been  reduced  to  about 
thirty  per  cent,  of  the  normal,  which  corresponds  with  the  fact 
that  an  animal  dies  when  the  loss  of  blood  by  venesection  reaches 
two-thirds  of  the  total  volume  of  blood  in  the  body.^  As  much 
as  seventy-nine  to  eighty-three  per  cent,  of  Hb  converted  into 
COHb  has,  however,  been  found  in  human  cadavers  after  poison- 
ing by  this  gas.^  In  experiments  with  the  human  subject  it 
has  been  found  that  the  symptoms  do  not  become  sensible 
during  rest  until  the  corpuscles  have  become  one-third  saturated, 
and  that  with  half  saturation  the  symptoms  become  urgent.* 

Fatal  results  may  follow  the  inhalation  of  air  containing  a 
very  minute  proportion  of  this  gas  if  it  be  continued  for  a  suffi- 
cient length  of  time.  Small  quantities  contained  in  the  air 
accumulate  in  the  blood  until  they  reach  a  dangerous  proportion, 
and  in  this  sense  carbon  monoxid  is  a  typical  cumulative  poison.^ 

In  some  cases  of  survival  certain  disturbances,  notably  those 
referable  to  the  central  nervous  system,  persist  for  months  or 
years.'  These  are  due  to  hemorrhages  and  softenings  caused 
by  the  impoverished  condition  of  the  blood.  More  usually 
the  patient  recovers  completely  in  the  course  of  a  few  days, 
even  when  the  lethal  degree  of  saturation  of  the  blood  with  the 
poison  has  been  almost  reached;  and  after  recovery  carbon  mon- 
oxid cannot  be  detected  in  the  blood.  The  period  of  survival, 
with  respiration  of  pure  air,  after  which  carbon  monoxid  can  no 

'  Gr^hant:  "Les  Poisons  de  I'air,"  Hutner:  Arch.  f.  exp.  P.  u.  P.,  1902, 

198.    Dresser:  Arch.  f.  exp.  P.  u.  P.,  xlvi.,    87.     Lacassagne,    Martin    at 

1892,   xxix.,    119.     Nicloux:    C.  r.  Nicloux:  C.  r.  See.  de  biol.,   1903, 

Soc.  de  biol.,  1901,  liii.,  611.     Tis-  Iv.,  15. 

sier:  J.  de  m^d.  de  Paris,  1910,  2  s.,  ^Haldane:   J.   of  Physiol.,    1896, 

xxii.,  132.    Falk  {contra):  Vrtljschr.  xx.,  521. 

f-  ger.  Med.,  1884,  n.  F.,  xl.,  279.  *  Id.,  ibid.,  1895,  xviii.,  430. 

'Gr^hant:  Op.  cit.,  p.  127;  C.  r.  =  Qj-^hant:  Op.  cit.,  p.  134.     Hal- 

Soc.  de  biol.,   1903,   Iv.,   12;   1904,  dane:  Loc.  cit.     Fodor:  Deut.  Vrtlj- 

Ivii.,  619.     Welzel:  Verb.  d.  phys.-  schr.  f.  Gsdhtspfl.,   1880,  xii.,  377, 

med.  Ges.  zu  Wurzburg,    1890,   n.  386. 

^■,    xxiii.,     1.     Dresser:     Loc.     cit.  <>  See  Symptoms,  p.  1127. 
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longer  be  detected  in  the  blood  has  not  been  definitely  deter- 
mined, although  the  experiments  of  Michel'  tend  to  show  that 
it  does  not  exceed  a  few  hours.  Hofmann^  obtained  positive 
reactions  from  the  blood  after  two  hours  survival,  Wesche^  in  a 
case  of  death  in  two  hours  found  the  spectral  reaction  uncertain. 
Szigeti,*  in  a  case  fatal  in  five  hours,  found  carbon  monoxid  in 
extravasated  blood,  but  only  traces  in  that  from  the  vessels. 
The  claims  of  Koch,^  Pouchet,"  and  Wachholz'  of  detection 
after  longer  periods  are  to  be  looked  upon  with  suspicion.  It 
is  clear,  therefore,  that  the  poison  is  disposed  of  in  some  way, 
and  the  normal  condition  of  the  blood  is  restored,  notwith- 
standing the  stability  of  COHb.  There  are  three  methods  by 
which  this  can  be  accomplished:  1.  By  disintegration  of  the 
altered  corpuscles,  and  elimination  of  the  detritus.  2.  By  oxi- 
dation of  the  carbon  monoxid  to  dioxid,  and  elimination  of  this. 
3.  By  decomposition  of  the  COHb,  regeneration  of  Hb,  and 
elimination  of  the  carbon  monoxid  by  the  lungs.  If  the  first 
of  these  processes  occurred,  icterus  or  haemoglobinuria  would 
be  a  necessary  consequence,  as  in  the  disintegration  of  the  blood 
corpuscles  by  hydrogen  arsenid.  But  icterus  (and  urobilinuria) 
has  only  been  encountered  by  one  observer  in  three  cases,*  and 
haemoglobinuria  never.  The  second  method  of  removal,  by 
oxidation  to  carbon  dioxid,  was  considered  a  priori  the  most 
probable,  because  of  the  stability  of  COHb,  and  was  supported 
by  the  experimental  facts  that  Pokrowski"  failed  to  detect  car- 
bon monoxid  in  the  expired  air  of  animals  poisoned  by  it,  and 
also  found  that  the  elimination  of  carbon  dioxid  was  increased. 
Later  Eulenberg  and  Richter"  showed  that  carbon  monoxid  may 
be  expelled  from  blood  containing  it  by  the  passage  of  oxygen; 
and   Bonders,''  Podolinski'^  and  Zuntz'"  substantiated  this  fact 


'  Vrtljschr.    f.    ger.    Med.,     1897,  Id.,  ibid.,   1902,  xxiii.,  231,  after  7 

xiv.,  36.  days  (!).     See  Reuter:  Ibid.,  1906, 

"  "Lhrb.  d.  ger.  Med.,"  9  te  Aufl.,  3  F.,  xxxi.,  240. 
734.  8  Tissier,     in     Bruneau:     These, 

'  Vrtljschr.  f.  ger.  Med.,  1876,  n.  Paris,  1893. 
F.,  XXV.,  276.  »  Virch.   Arch.,    1864,   xxx.,   525. 

' /bid.,  1893,  3  F.,  vi.,  64.  See    also:  Wachholz:   Pflug.    Arch., 

'  Diss.,  Greifswald,  1892,  after  10  1899,  Ixxiv.,  174. 
hours.  "Eulenberg:  "Lehre  v.  d.  schad. 

»  Ann.  d'hyg.,  1888,  3  s.,  xx.,  361,  u.  gift.  Gasen,"  1865,  p.  51. 
after  60  hours.  "  Pflug.  Arch.,  1872,  v.,  20. 

'  Vrtljschr.    f.    ger.    Med.,    1906,  "  Ibid.,  p.  553. 

XXXI.,    Suplh.,    12,    after   26   hours.  " /6id.,  p.  584. 
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and  proved  further  that  carbon  monoxid  is  expelled  from  COHb 
by  hydrogen,  and  by  carbon  dioxid,  as  well  as  by  oxygen. 
Finally  Gaglio'  demonstrated  that  the  amount  of  carbon  mon- 
oxid inhaled  by  an  animal  may  be  recovered  from  the  expired 
air  with  a  loss  of  only  2 . 8  per  cent,  and  that  this  loss  is  due 
to  unavoidable  experimental  conditions.  It  may  therefore  be 
considered  as  proven  that  COHb  is  decomposed  in  the  system, 
and  the  liberated  carbon  monoxid  eliminated  in  its  own  form. 
The  explanation  of  this  decomposition  of  the  more  stable  COHb 
by  the  chemically  weaker  oxygen  is  found  in  the  dissociation 
theory  of  Bonders^  and  the  theory  of  Dresser  that  it  is  a  "  mass 
action."^ 

It  has  been  shown  by  Nicloux^  and  by  St.  Martin^  that  carbon 
monoxid  is  normally  present  in  small  amount  in  the  blood  of 
animals  and  in  human  blood;  and  is  more  abundant  in  that  of 
individuals  living  in  cities  than  in  those  inhabiting  the  country. 
Nicloux  found  .08  to  .18  per  cent,  of  carbon  monoxid  in  the 
blood-gases  of  dogs  living  in  Paris  and  .033  in  that  of  one  kept 


•  Arch.  f.  exp.  P.  u.  P.,  1887, 
xxii.,  235.  See  also:  Haldane:  J.  of 
Physiol.,  1900,  xxv.,  225.  Mon- 
tuori:  Jbt.  f.  Thierohem.,  1900,  xxx., 
180.  Gr^hant:  C.  r.  Ac.  sc,  1901, 
cxxxiii.,  951;  C.  r.  Soc.  de  biol., 
1902,  liv.,  63. 

^  Loc.  cit.  The  theory  of  elec- 
trolytic dissociation  has  been  greatly 
developed  since  the  days  of  Bonders' 
writing.  If  a  current  of  electricity 
be  passed  through  the  solution  of  a 
substance  which  is  a  conductor,  one 
fraction  of  the  substance  is  liberated 
at  one  electrode,  and  the  remainder 
at  the  other.  Thus  sulfuric  acid 
(HjSOJ  gives  off  H,  at  one  pole  and 
SO,  at  the  other.  These  fractions 
are  known  as  ions.  It  is  now  gener- 
ally admitted  that  these  ions  exist 
free  in  solutions  of  conductors, 
which  are  therefore  in  a  condition  of 
"electrolytic  dissociation,"  and  that 
the  current  does  not  "decompose" 
the  electrolyte,  but  merely  separates 
the  free  ions.  The  chemical  activ- 
ity of  the  dissolved  substance  is 
{proportionate  to  the  degree  of 
ionization." 

'  Arch.  f.  exp.  P.  u.  P.,  1892,  xxix., 


119.  Chemical  equilibrium  depends 
upon  "affinity,"  i.e.,  the  attractive 
force  which  causes  substances  to 
combine  and  to  remain  in  combi- 
nation, and  upon  "mass,"  i.e.,  the 
number  of  molecules  present.  In 
reversible  reactions  such  as  those 
between  Hb  and  CO  and  O,  with  a 
small  affinity  and  a  large  mass  re- 
sults are  obtained  which  are  equi- 
valent to  those  obtained  with  a 
large  affinity  and  a  small  mass.  If 
the  affinity  of  Hb  for  O  be  repre- 
sented by  1,  that  between  Hb  and 
CO  is  equal  to  200.  Therefore  if 
Hb  be  in  the  presence  of  O  and  CO 
in  the  proportion  of  20Q:1,  a  con- 
dition of  equilibrium  exists,  and 
COHb  is  neither  formed  nor  de- 
composed, but  if  the  proportion  of 
O  be  increased,  then  COHb  is  de- 
composed. 

'  C.  r.  Ac.  sc,  1898,  cxxvi.,  973, 
1526,  1598;  1901,  cxxxii.,  1501; 
Arch,  de  physiol.,  1898,  xxx.,  433, 
598.  C.  r.  Soc.  de  biol.,  1901,  liii., 
611,  953. 

*  C.  r.  Ac.  sc,  1899,  cxxvi.,  533, 
1036. 
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at  a  distance  from  habitations.     The  blood-gases  of  the  same 
animal  contained  .099  per  cent,  after  12  days  in  Paris. 

Sjrmptoms. — If  the  attack  be  sudden,  as  by  entrance  into  a 
highly  contaminated  atmosphere,  the  person  may  immediately 
fall  unconscious,  with  sudden  loss  of  muscular  power,  and  the 
heart's  action  become  progressively  slower  until  it  stops.  More 
usually  the  poisonous  gas  is  gradually  added  to  the  atmosphere, 
when  the  symptoms  of  an  acute  poisoning  are  more  or  less  per- 
fectly manifested,  according  to  the  degree  of  rapidity  of  the  ac- 
tion, and,  in  the  earlier  stages,  the  degree  of  consciousness  of  the 
individual.  In  a  typical  case,  rarely  if  ever  observed  in  all  of  its 
periods,  the  clinical  history  may  be  divided  into  four  stages. 
In  the  first  stage  there  are  severe  frontal  headache,  lachrymation, 
buzzing  in  the  ears,  throbbing  of  the  temples,  somnolence, 
weakness,  inability  to  stand,  nausea,  vomiting,  and  frequently 
severe  dyspnoea  and  a  sense  of  weight  in  the  chest.  The 
respiration  is  accelerated,  irregular,  and  rattling  or  snoring, 
and  later  becomes  slower.  The  heart's  action  is  at  first  accele- 
rated, and  afterward  slow  and  irregular.  In  this  stage  there 
is  also  sometimes  a  condition  of  psychic  exaltation,  similar  to 
that  of  alcoholic  intoxication,  sometimes  very  violent.  In  the 
second  stage  the  symptoms  of  the  first  become  intensified,  the 
respiration  becomes  more  superficial,  the  face,  at  first  pale, 
becomes  more  or  less  deeply  red,  the  eyes  are  staring,  the  pupils 
dilated,  and  the  iris  less  sensitive.  There  are  more  or  less  vio- 
lent motor  disturbances,  varying  in  intensity  from  mere  tremors 
to  violent  clonic  spasms.  Consciousness  is  usually  lost  during 
this  stage,  but  in  some  cases  it  has  been  retained  even  into  the 
third  stage,  when  the  patient  has  become  entirely  incapable 
of  muscular  exertion,  although  still  conscious.  In  the  third 
stage  sensation  and  motility  are  lost.  The  paralysis  extends 
from  the  voluntary  muscles  to  the  alimentary  canal  and  the 
bladder,  and  finally  to  the  respiratory  center,  when  death 
occurs,  preceded  by  rattling  in  the  throat,  bloody  froth  from  the 
mouth  and  pulmonary  oedema.  The  fourth  stage  is  that  of 
convalescence,  during  which,  however,  the  patient  may  die 
suddenly  upon  attempting  even  slight  exertion.  The  respira- 
tion and  heart's  action  are  slowly  reestablished,  and  the  patient 
regains  consciousness  as  if  awakening  from  a  deep  sleep,  and 
slowly  regains  his  mental  faculties.     There  are  again  pains  in 
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the  head,  limbs  and  chest,  buzzing  in  the  ears,  obscuration  of 
vision,  dulness,  and  occasionally  violent  delirium.  The  tem- 
perature, which  usually  is  subnormal,  sometimes  as  much  as 
five  degrees  below  the  normal  (although  it  has  been  known  to 
be  as  high  as  100°  F.),  gradually  rises,  the  pulse  becomes  fuller, 
and  somnolence  and  dulness  gradually  disappear. 

Usually  recovery  is  progressive,  but  when  the  amount  of  gas 
absorbed  has  been  notable  the  systemic  effects  of  the  poison, 
particularly  upon  the  central  nervous  system,'  may  be  mani- 
fested. Some  days  after  the  inhalation,  or  earlier,  the  patient 
suffers  from  headache  and  pains  in  the  extremities,  becomes 
peevish,  forgetful,  rambling,  restless,  excitable,  sleepless  and 
apathetic.  The  articulation  becomes  indistinct,  and  the  state- 
ments inaccurate.  The  urine  and  faeces  are  passed  in  bed. 
The  knee-jerk  is  exaggerated.  There  is  partial  paralysis, 
associated  with  peripheral  neuritis,  and  vaso-motor  and  trophic 
troubles.  Vision  is  impaired,  and  in  some  cases  there  is  deaf- 
ness. The  condition  may  become  that  of  hemiplegia,  or  de- 
mentia, or  acute  mania.  ^ 

In  cases  not  rapidly  fatal  and  in  chronic  cases  glycosuria^ 
and  leucocytosis*  have  been  observed. 

Persons  exposed  to  the  constant  absorption  of  small  quantities 

'See'Tost-mortem  Appearances,"  Nazari:  Arch,  di  psich.,  1904,  xxv., 

p.  1130.  523.     Robin:  J.  de  mM.  int.,  1905, 

^P&ochaud:  Gaz.  m^d.  de  Nan-  ix.,  43.     Abrahamson:  J.  Nerv.  and 

tes,  1893-4,  xii.,  118.     Tr^nel:  Gaz.  Ment.     Dis.,     1905,     xxxii.,     332. 

hebd.   de   m6d.,    1895,    xliii.,    351.  Krumbholz:  Wien.  med.  Wchnschr., 

Milian:  Gaz.  d.  hop.,  1895,   Ixviii.,  1905,   Iv.,    1621.     LeGendre:   J.   de 

1317.     Baron:   Presse    m^d.,    1895,  m^d.   int.,   1906,   x.,   265.     Brown: 

iii.,  363.    Finkelstein:  Jhrb.  f.  Psy-  J.  Am.  M.  Ass.,  1906.,  xlvi.,  1265. 

chiat.,  1896,  xv.,  116.     Scott:  Lan-  Stursberg:  Deut.  Ztschr.  f.  Nerven- 

cet,  1896,  i.,  217.     Hilbert:  Memo-  hlk.,   1907-8,  xxxiv.,  432.     Schulz: 

rab.,  Heilbr.,  1896,   n.  F.,   xv.,   73.  Berl.    kl.    Wchnschr.,     1908,     xlv., 

Mathieu  et  Sicora:   Bull,   et  m^m.  1621.     Leroy:  J.  de  m6d.  de  Paris, 

Soe.  m^d.  d.  hfip.  de  Paris,  1898,  3  1909,  2  s.,  xxi.,  396. 

s.,  XV.,  582.     Agostini:  Riv.   sper.  =  Robin:  J.  de  m^d.  int.,  1905,  ix., 

di  fren.,   1899,   xxv.,   3.     Wagner:  43.     Krumbholz:  Wien.  med.  Wchn- 

Jbt.  f.  Psych.,  1899,  viii.,  313.     Van  schr.,     1905,     Iv.,     1621.     Lepme: 

Orden:  Occid.  M.  Times,  1903,  xvii.,  Lyon  m^d.,  1908,  ex.,  921.     Staub: 

334.     Revenstorff:     Munch,     med.  Arch.    f.    exp.    P.    u.    P.,     1896-7, 

Wchnschr.,  1903,  I.,  757.     Sibelius:  xxxviii.,     139.     Rosenstein:     Ihid., 

Ztschr.    f.    kl.    Med.,    1903,    xlix.,  1897-8,  xL,  363. 

111.    Massanek:    Pest,     med.-chir.  *  Eaton:  Bost.  M.  and  S.  J.,  1895, 

Presse,   1903,   xxxix.,   965.     Hudo-  cxxxii.,  256.   Thompson:  Med.  Rec, 

vering: /6id.,  1904,  xl.,  25.     Thomp-  1904,  Ixvi.,  41.     Nasmith  and  Gra- 

son:   Med.    Rec,    1904,    Ixvi.,    41.  ham:  J.  of  Physiol.,  1906-7,  xxxv., 

Knecht:    Deut.    med.     Wchnschr.,  32. 
1904,    XXX.,     1242.     Ottolenghi     e 
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of  carbon  monoxid,  such  as  workmen  in  gas-houto  and  those 
inhabiting  rooms  into  which  minute  quantities  of  the  gas  escape 
by  reason  of  defective  heating  or  lighting  arrangements,  are 
liable  to  a  form  of  chronic  poisoning,  characterized  by  headaclie, 
nausea,  impairment  of  memory,  mental  dulness,  muscular 
weakness,  incoordination  of  motion,  marked  anaemia,  and  some- 
times even  epileptiform  or  apoplectic  attacks.' 

Treatment. — The  method  of  dissociation  of  COHb  directly 
indicates  an  abundant  supply  of  oxygen  in  the  treatment.  The 
patient  should  be  immediately  removed  to  a  pure  atmosphere,  or, 
if  this  be  impossible,  the  entrance  of  fresh  air  should  be  facih- 
tated  in  every  way  possible.  In  light  cases,  in  which  the  res- 
piration and  consciousness  are  not  seriously  impaired,  this 
will  often  sufhce.  In  more  severe  cases  the  inhalation  of  pure 
oxygen,^  the  application  of  the  Faradic  cun-ent,  or  artificial 
respiration  should  be  resorted  to,  with  cold  affusions  to  the  head, 
while  the  body  is  kept  warm,  and  friction  is  applied  to  the  ex- 
tremities. Transfusion  of  blood,  which  seems  to  be  directly 
indicated,  was  resorted  to  by  the  older  methods  in  several  in- 
stances with  results  more  detrimental  than  beneficial.  More 
satisfactory  results  are  to  be  expected  from  the  use  of  Crile's 
method  of  direct  transfusion  by  anastomosis  of  the  proximal 
end  of  an  artery  of  the  donor  with  the  proximal  end  of  a  vein 
of  the  donee. ^  In  experiments  with  animals  poisoned  with  car- 
bon monoxid  Crile  and  Lenhart*  obtained  very  satisfactory 
results,  saving  13  out  of  21,  provided  transfusion  is  performed 
before  or  immediately  after  arrest  of  the  heart's  action.  The 
method  has  been  followed  in  the  human  subject  at  Bellevue 
Hospital  with  good  results.  Infusions  of  saline  solutions  have 
also  been  practiced  with  favorable  results.^     During  convales- 

'  Kohler:  Vrtljschr.  f.  ger.  Med.,  Leppmann:    Aerztl.   Sachvers.  Ztg., 

1895,   3  F.,  X.,   159.     Glynn:  Med.  1908,  xiv.,  89.     Mayer: /bid.,  p.  358. 

Pr.  and  Circ,  1895,  n.  s.,  lix.,  385.  Polito:   Gazz.   d.   osp.,    1908,   xxix., 

Lockie:   Brit.   M.  J.,   1896,  ii.,   909.  1249.     Hirtz:     Bull.     m6d.,     1909, 

Gautrelet:  Rev.  d.  mal.  de  la  nutrit.,  xxiii.,  35. 

1898,   vi.,   284.     Cade:   Lyon  m6d.,  =  See  Gr^hant:  C.  r.  Ac.  sc,  1901, 

1903,    ci.,    131.     Reinhold:    Miinch.  cxxxii.,  574,  951. 

med.     Wchnschr.,     1904,     li.,     739.  'J.    Am.    M.    Ass.,    1906,    xlvii., 

Raymond:  Rev.  gen.  de  clin.  et  de  1482. 

th^r.,     1904,    xviii.,     51.     Carriere:  *  Am.   J.   M.   Sc,    1907,   cxxxiv., 

Bull,    med.,    1906,   xx.,   821.     Glai-  500. 

ster:  Lancet,  1906,  ii.,  1649.     Bes-  ''Jones:    Am.    J.    M.    Sc,    1908, 

nier:  Rev.  d'hyg.,  1907,  xxix.,  137.  cxxxvii.,  89.     Dana:    Bost.  M.  and 

Lewin:  Med.   Klin.,   1907,  iii.,   146.  S.  J.,  1909,  clx.,  680. 
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cence  from  severe  poisoning  the  patient  should  be  kept  in  bed 
until  completely  recovered,  as  a  fatal  termination  may  follow 
premature  exertion  at  this  period. 

Post-mortem  Appearances. — The  surface  of  the  body  is  of  a 
more  rosy  hue  than  usual,  the  eyes  are  closed,  and  the  counte- 
nance composed.  Exceptionally,  however,  the  face  may  be  pale, 
gray  or  livid,  and  the  countenance  distorted.  There  are  fre- 
quently spotted  markings  of  a  bright  red  color  upon  the  anterior 
and  internal  surfaces  of  the  thighs,  and  the  anterior  surface  of 
the  trunk  and  throat.  These  markings  are  independent  of  the 
post-mortem  discolorations,  which  are  also  of  a  brighter  red 
than  usual.  The  surface  of  the  body  and  its  surroundings 
usually  show  evidence  of  evacuations  of  urine  and  faeces.  The 
most  characteristic  appearance  is  the  bright  red  color  of  the 
blood,  which  is  also  fluid  and  slow  to  coagulate.  This  bright  red 
color  is  observed,  not  only  in  the  arteries,  but  also  in  the  veins, 
and  is  communicated  to  the  tissues,  particularly  to  the  lungs 
and  muscles.  The  redness  becomes  more  bright  and  more  in- 
tense on  exposure  to  air,  and  the  COHb  to  which  it  is  due  with- 
stands decomposition,  even  in  presence  of  putrefying  material, 
for  a  long  time.  After  death  from  coal  fumes  the  color  of  the 
blood  and  tissues  will  depend  upon  the  relative  proportion  of 
carbon  monoxid  and  dioxid  in  the  fumes,  and  the  bright  redness 
due  to  COHb  may  be  masked  by  the  darkening  due  to  deoxi- 
dation  of  the  remaining  coloring  matter.  In  the  earlier  stages 
of  the  poisoning  death  may  result  from  mechanical  suffocation 
by  inhalation  of  vomited  matters,  in  which  event  the  blood 
will  be  dark  in  color.  When  death  from  hydrocyanic  acid 
occurs  rapidly  the  blood  is  also  bright  red  in  color.  ^  All  of  the 
arterial  system  is  dilated  and  filled  with  blood,  and  there  are 
frequently  minute  extravasations  of  blood  in  various  organs. 

If  the  case  be  prolonged,  serous  effusions  are  found  in  the 
pleural  cavities,  pulmonary  cedema,  and  bright  red  froth  in  the 
air  passages.  The  gastro-enteric  mucous  membrane  is  reddened, 
congested,  and  marked  with  suffusions  of  blood,  and  that  fre- 
quently to  an  extent  which  might  suggest  the  action  of  an  irri- 
tant poison.  In  the  latter  case,  however,  the  changes  are  most 
marked  in  the  stomach  and  upper  intestine,  diminishing  in  in- 
tensity from  above  downward,  whereas  in  this  form  of  poisoning 

'Seep.  816. 
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they  are  uniform  throughout  the  gastro-enteric  tract.'  A  very 
characteristic  lesion  in  prolonged  carbon  monoxid  poisoning  is 
the  occurrence  of  hemorrhages,  and  softening  in  the  cortex  and 
central  nuclei  of  the  brain,  notably  in  the  two  internal  segments 
of  the  lenticular  nucleus.  These  are  frequently  symmetrical, 
and  are  due  to  degenerative  changes  in  the  coats  of  the  arteries.^ 
In  one  instance  these  lesions  were  present  in  a  case  fatal  in 
40  hours. ^  Necrotic  changes  in  the  kidneys  have  also  been  met 
with.* 

In  most  cases  the  origin  of  the  poisonous  gas  is  obvious  from 
the  surroundings,  but  sometimes,  such  indications  failing,  it 
may  be  desirable  to  distinguish  at  the  autopsy  between  poisoning 
by  coal  fumes  or  by  illuminating  gas.  That  coal  fumes  have 
been  inKaled  can  only  be  predicated  with  certainty  when  they 
have  been  accompanied  by  smoke,  and  have  formed  deposits 
of  soot  in  the  nostrils  and  air-passages.  In  such  cases  the  blood 
may  have  the  darker  color  referred  to  above. 

The  identification  of  illuminating  gas  as  the  cause  of  the 
poisoning  by  analytical  methods  is  of  doubtful  reliability,  as 
the  method  of  manufacture  of  some  kinds  of  illuminating  gas 
is  a  process  practically  the  same  as  to  the  nature  of  its  gaseous 
products  as  that  operative  in  the  production  of  coal  fumes. 
Wachholz'  proposed  to  identify  illuminating  gas  by  the  presence 
of  hydrocyanic  acid  in  the  blood;  and  Cruz"  depended  upon  the 
presence  of  hydrocarbops  in  the  blood  gases.' 

'  It  was  by  these  lesions  that  the  ^  Ottolenghi    e    Nazari:  Arch,   di 

experts  in  the  Druaux  case  (p.  1119)  psichiatr.,  1904,  xxv.,  523.     Ascar- 

were     misled.     See     also     Delage:  elli:  Friedreich's    Bl.   f.   ger.   Med., 

These,    Paris,    1896;    Poitou    m6d.,  1905,  Ivi.,  251. 

1897,  xi.,  10.  =  Ztschr.    f.    Med.-Beamte,    1896, 

'  Klebs:      Virch.      Arch.,      1865,  ix.,  400. 

xxxii.,  450.     Simon:  Arch.  f.  Psych.  "Ann.  d'hyg.,  1898,  3  s.,  xxxix., 

1868,   i.,    263.     Poelchen:  Berl.   kl.  385. 

Wchnschr.,    1882,    xix.,    26;   Virch.  'See  also:  Hofmann:  "Lehrb.  d. 

Arch.,     1888,     cxii.,     26.     Gnauck:  ger.  Med., "  9  te  Aufl.,  736.    Stoer- 

Charit^  Ann.,  1883,  viii.,  402,  409.  mer:  Vrtljschr.  f.  ger.  Med.,  1895, 

Gross:  Diss.,    Berhn,    1886.     Roki-  3  F.,  ix.,  148.     Diechstetter:  Fried- 

tanski:  Wien.    med.    Presse,    1889,  reich's  Bl.  f.  ger.  Med.,  1896,  xlvii., 

xxx.,     2049.      Kolisko:    Wien.     kl.  33;  Ztschr.    f.   Med.-Beamte,   1896, 

Wchnschr.,    1893,  vi.,    192.     Fede-  ix.,  134.     Richter:  Wien.  kl.  Wchn- 

rici:  Riv.   di  patol.   nerv.   e  ment.,  schr.,     1896,     ix.,     753.      Stolper: 

1903,    viii.,    112.     v.   Sury:  Ztschr.  Ztschr.  f.  Med.-Beamte,  1897, x.,  133, 

f.    Med.-Beamte,     1908,    xxi.,   571.  173,     208.     Ottolenghi     e     Nazan: 

Chiari:  Milnch.     med.     Wchnschr.,  Loc.   cit.     Cevidalli   e   Chistoni:  Lo 

1909,  Ivi.,  1211.  Sperim.,  1906,  Ix.,  333. 

^Schaffer:  Arch.  f.  Psych.,    1903, 
xxxvii.,  665. 
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Analytical— Examination  of  Blood.— 1.  By  Dilution.— The 
simplest  method  of  distinction  between  normal  and  carbon  mon- 
oxid  blood  is  by  dilution  with  pure  water  to  1  :  100,  when  normal 
blood  appears  yellow  and  carbon  monoxid  blood  pink.^ 

2.  Spectroscopic  Examination. — The  spectra  of  earboxyhamo- 
globin  and  of  oxyhemoglobin  resemble  each  other  in  that  both 
consist  of  two  bands  between  D  and  E  of  the  solar  spectrum. 
In  that  of  COHb,  however,  these  bands  are  somewhat  nearer 
to  E  than  in  the  OHb  spectrum.  The  middles  of  the  OHb 
bands  are:  a  :  A  =578.1  and  /? :  >^  =546.0;  those  of  blood  saturated 
with  carbon  monoxid  (COHb)  are  a  :  >^  =571.0  and  /?  : }.  =537-5.^ 
Formanek'  has  shown  that  when  blood  is  gradually  saturated 
with  carbon  monoxid  the  shifting  of  the  bands  to  the  right  takes 
place  slowly  and  with  diminishing  velocity.  In  experiments 
with  guinea  pigs  he  found  that  at  the  beginning  of  the  spasms 
the  values  of  X  were:  a  =  576.0  and  /?  =  540. 0,  and  after  the  death 
of  the  animal:  a  =  572.7  and  /3  =  538.5.  The  blood  after  death 
from  carbon  monoxid  is  not  saturated  with  that  gas,  and  contains 
both  OHb  and  COHb,-  and  therefore  its  spectrum  is  really  a 
composite  one,  constituted  by  an  overlapping  of  those  of  COHb 
and  OHb,  and  will  have  about  the  position  last  stated.  In  any 
event  the  difference  between  it  and  the  spectrum  of  normal  blood 
is  not  very  wide,  and  its  detection  requires  careful  measurement 
and  the  use  of  a  suitable  spectrometer. 

A  more  marked  distinction  is  found  in  the  different  behavior 
of  OHb  and  COHb  with  reducing  agents^  (and  with  oxidizing 
agents  also).  Two  or  three  drops  of  the  blood  to  be  examined 
are  diluted  in  about  5  c.c.  of  water  in  a  test-tube,  or  preferably 
a  cell  having  flat  sides,  the  diameter  or  thickness  of  which  is 
1  cm.  At  the  same  time  another  similar  sample  is  prepared 
with  normal  blood,  in  a  precisely  similar  test-tube  or  cell.  The 
two  samples  are  then  placed  in  position  for  comparative  examina- 
tion before  the  slit  of  a  spectrometer  furnished  with  a  comparison 

'Stopczanski:     Cit.      Wachholz:  Abth.     Supplb.,      Plate     II.)     are 

Ztschr.  t.   Med.-Beamte,  1896,  ix.,  somewhat  different.     They  give  for 

423.  Haldane:  J.  of  Physiol.,  1895,  OHb:  589-577    (583)    and   556-536 

xviii.,  430.  (546);     and     for     COHb:  579-564 

"The  values   of  X  given   in   the  (571 .5)  and  548-530  (539). 

text  are,  except  that   of   OHb,   ^,  "  Ztschr.  f.  an.  Chem.,  1901,  xL, 


of    Formanek.     The    values      517. 
bund    by    Ziemcke     and      Milller  *  Hoppe-Seyler:   Med.  Centbl., 

(Arch.  f.  An.  u.  Phys.,    1901,  Phys.       1865,  p.  4. 
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prism/  and  the  two  spectra  carefully  measured.  The  light 
used  should  not  be  too  intense;  that  furnished  by  a  kerosene 
lamp  is  sufficiently  bright.  A  few  drops  of  ammonium  sulfhy- 
drate  solution^  are  then  added  to  each  sample  and  gently  mixed 
with  it,  and  a  little  of  the  same  reagent  floated  upon  the  surface 
of  each,  after  which  the  two  are  replaced  before  the  spectroscope 
and  observed  from  time  to  time  for  about  half  an  hour.^  The 
reducing  agent  has  no  action  upon  the  COHb,  whose  two- 
banded  spectrum  remains  unaltered;  while  the  OHb  is  reduced  to 
Hb,  the  single-banded  spectrum  of  which  (><  =  554.9)  replaces 
the  OHb  spectrum.* 

In  blood  containing  both  OHb  and  COHb,  as  after  death 
from  gases  containing  carbon  monoxid,  the  addition  of  am- 
monium sulfhydrate  does  not  cause  a  fusion  of  the  two  bands 
and  the  appearance  of  the  Hb  band,  as  is  the  case  with  normal 
blood,  but  it  does  cause  a  slight  shifting  of  the  bands  to  the  right, 
and  that  to  a  greater  extent,  the  more  COHb  is  present  (For- 
manek) ,  while  the  space  between  the  bands  is  somewhat  dimmed. 
This  is  due  to  the  reduction  of  the  OHb  while  the  COHb  remains 
unaltered. 

Solutions  of  carbon  monoxid  blood  are  very  stable  if  kept 
in  closed,  completely  filled  vessels,  in  the  dark.  Hoppe-Seyler 
obtained  satisfactory  observations  with  solutions  thus  preserved 
for  ten  and  twenty  years.  And  even  blood  containing  only  a 
small  proportion  of  COHb,  such  as  is  frequently  met  with  after 
death  from  illuminating  gas,  has  been  found  to  remain  unaltered 
for  two  months  (Jaderholm)  and  five  months  (Brouardel).' 
Carbon  monoxid  has  also  been  spectroscopically  detected  in  the 
blood  taken  from  cadavers  51  and  70  days  after  death. ^ 

Szigeti  has  suggested  a  method  based  upon  the  action  of 
carbon  monoxid  upon  methsemoglobin.  He  found'  that  the 
spectrum  of  COHb    is  not  altered   by  alkalies  and  that  carbon 

'  Or   a    Kunkel's   cell    or    similar  ^  The    reduction    does   not   begin 

contrivance  may  be  used  (Kunkel:  immediately,   and   may  be  delayed 

Handb.  d.  Tox.,  1899,  p.  22).  for  20  minutes. 

'  Or  other  reducing  agents   may  *  See  plate  ix.,   Vol.  iii.,  p.  854, 

be    used,    such    as   Stokes'    reagent  spectra  2,  6  and  5. 

(Phil.  Mag.,  1864,  391),  which  is  a  =  Ann.  d'hyg.,  1878,  2  S.,  1.,  512. 

solution  of  ferrous  sulfate  to  which  »  Blumenstock  and  Fodor:  Sachs, 

a   httle   citric   or   tartaric   acid   has  Op.  cit.,  213. 

been  added,  and  then  enough  am-  '  Wien.  kl.  Wchnschr.,   1893,  vi., 

monium  hydroxid  to  render  it  just  310. 
alkaline. 
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monoxid  has  the  property  of  changing  the  spectrum  of  ha^mo- 
chromogen  (Stokes'  reduced  hsmatin)^  to  one  which  is  identical 
with  that  of  COHb.  Subsequently^  he  found  that  when  carbon 
monoxid  or  illunainating  gas  is  passed  through  a  solution  of 
methsmoglobin'  the  color  of  the  solution  changes  to  red,  and 
an  entirely  different  spectrum  appears.  This  consists  of  a  broad 
band  in  the  green,  between  D  and  E,  nearer  to  D,  in  the  position 
of  the  bands  of  reduced  haemoglobin  and  of  cyanhtematin,  but 
differs  from  the  former  in  that  it  remains  unaltered  when  the 
liquid  is  shaken  with  air,  and  does  not  split  up  into  the  two  OHb 
bands;  and  from  the  latter  in  that  on  addition  of  ammonium 
hydrosulfid  the  bands  of  haemochromogen  do  not  appear;*  but 
that  this  reagent  divides  the  band  of  COMtHb  into  two  bands, 
which  have  the  same  position  as  the  COHb  bands.  Hsematin  in 
alkaline  solution  behaves  in  the  same  way  as  methsemoglobin. 
But  haematin  in  acid  solution  shows  a  different  action.  It  does 
not  change  on  treatment  with  carbon  monoxid,  but,  upon  subse- 
quent addition  of  ammonium  sulfhydrate,  the  color  becomes 
light-red,  and  the  spectrum  of  carboxyhsemochromogen  appears 
in  place  of  the  acid  band. 

For  the  examination  of  blood  Szigeti  directs  that  it  be  treated 
with  caustic  potash  (thirty-per-cent.  solution)  in  a  flask,  con- 
nected with  washing  and  absorbing  apparatus,  and  heated  in  the 
water-bath  to  expel  carbon  monoxid.  The  gas  is  first  passed 
through  bottles  containing  sulfuric  acid  and  lead  acetate,  the 
former  to  retain  ammonia,  the  latter  hydrogen  sulfid,  should 
they  be  present,  and  then  into  the  methEemoglobin  solution, 
contained  in  a  Liebig's  bulb.  This  solution  is  then  examined 
spectroscopically. 

Wachholz  and  Sieradzki^  do  not  agree  with  the  conclusions 
of  Szigeti.  They  found  that,  while  illuminating  gas  when  passed 
through  a  two-per-cent.  solution  of  methsemoglobin  causes  it 
to  turn  red  more  or  less  promptly,  similar  treatment,  extended 

'  Spectrum  9,  PI.  ix,  Vol.  iii.  globin  band  in  layers  1 . 5  to  2  cm. 

'  Viertljschr.  f.  ger.   Med.,    1896,  thick. 
3  F.,  xi.,  299.  *  The  spectrum  of  cyanmethsemo- 

. '  Prepared  from  fresh  defibrinated  globin  is  not  in  any  way  altered  by 

pig's  blood    by    dilution    to    1:100  ammonium     sulfhydrate     (Robert: 

with  water,  and  addition  of  a  few  Cyanmethsmoglobin,     Stuttgart, 

^•c.  of  a  one  per  cent,  solution  of  1891,  p.  16. 

potassium    ferricyanid.     The     yel-  ^  Zeitschr.  f.  Med.-Beamte,  1896, 

low  solution  shows    the  methaemo-  ix.,  400;  1897,  x.,  269. 
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over  a  long  period  with  pure  carbon  monoxid  (made  from  oxalic 
acid),  or  with  illuminating  gas  previously  passed  through  caustic 
potash,  causes  no  change  of  color  or  of  spectrum.  They  also 
showed  that  pure  carbon  monoxid  does  not  combine  with  alka- 
line haematin,  and  question  the  existence  of  a  carboxyhaematin. 
They  ascribe  the  effects  observed  by  Szigeti  to  the  presence  of 
varying  quantities  of  hydrocyanic  acid  in  illuminating  gas, 
which  are  removed  by  the  passage  through  caustic  potash 
above  referred  to. 

Walchholz  and  Sieradzki'  recommend  the  following  method 
of  spectroscopic  examination,  based  upon  their  observation  of 
these  facts:  1.  Carbon  monoxid  is  mechanically  dissolved, 
but  does  not  combine  chemically  with  methaemoglobin  (MtHb), 
leaving  its  spectrum  unchanged.^  2.  If  ammonium  sulfhydrate 
be  added  to  a  solution  of  MtHb  containing  carbon  monoxid,  the 
MtHb  is  reduced  to  Hb,  with  which  the  dissolved  gas  combines 
to  form  COHb,  whose  two-banded  spectrum  then  appears.  3. 
But  if  the  MtHb  solution  saturated  with  carbon  monoxid  be 
first  strongly  and  persistently  agitated  with  air  and  then 
treated  with  ammonium  sulfhydrate,  only  the  single-banded  Hb 
spectrum  is  observed.  After  having  examined  a  one-per-cent. 
solution  of  the  blood  spectroscopically  with  ammonium  sulf- 
hydrate in  the  usual  way,  two  other  samples  of  the  same  one- 
per-cent.  solution  are  taken  and  treated  with  sufficient  potassium 
ferricyanid  solution  to  convert  the  Hb  into  MtHb.  One  of  these 
is  then  shaken  with  air  for  10  to  15  minutes;  after  which  both  are 
treated  with  ammonium  sulfhydrate,  which  reddens  both,  and 
examined  spectroscopically.  The  sample  which  was  shaken 
shows  the  single  band  spectrum  of  Hb,  and  the  unshaken  sample 
the  double  band  spectrum  of  COHb. 

Weyl  and  Anrep'  have  suggested  a  method  of  examination 
based  upon  the  fact  that  COHb  is  more  slowly  oxidized  to  MtHb 
than  is  OHb,  and  requires  a  larger  amount  of  oxidant.  The 
blood  is  diluted  with  water  until  the  two  bands  are  distinctly 
separated.  To  10  c.c.  of  the  diluted  blood  1  to  1.5  c.c.  of  a 
.025-per-cent.  solution  of  potassium  permanganate  solution  are 
added.     With  normal  blood  the  color  changes  to  yellow  and  the 

>  hoc.  cit.  227.     See   also:  Wachholz   u.   Lem- 

^  Spectrum  10,  PI.  ix.,  Vol.  iii.  berger:  Vrtljschr.  f.  ger.  Med.,  1902, 

'  Arch.  f.  Anat.  u.  Physiol.,  1880,      3  F.,  xxiii.,  223. 
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MtHb  spectrum  appears  in  5  minutes,  but  when  carbon  monoxid 
is  present  in  large  amount  the  blood  retains  its  red  color,  and  the 
MtHb  spectrum  does  not  appear  for  an  hour. 

Bertin-Sans  and  Moitessier'  liberate  carbon  monoxid  from 
the  blood  by  potassium  ferricyanid,  and  transfer  the  gas  by  a 
vacuum,  in  a  specially  constructed  apparatus,  into  diluted 
blood,  which  is  then  examined  spectroscopically.  It  is  claimed 
that  by  this  method  carbon  monoxid  may  be  detected  in  a 
mixture  of  one  part  of  carbon  monoxid  blood  and  fifteen  parts 
of  normal  blood. 

3.  Hoppe-Seyler's  soda  test^  is  the  earliest  of  the  precipitation 
reactions  for  carbon  monoxid  blood.  The  blood  is  mixed  on  a 
porcelain  dish  with  an  equal  or  double  volume  of  caustic  soda 
solution,  sp.  gr.  1.3,  when  normal  blood  forms  a  black,  slimy 
mass,  which  appears  greenish-brown  in  thin  layers;  while  carbon 
monoxid  blood  forms  a  red  coagulum. 

The  test  is  best  applied  in  Salkowski's^  modification.  The 
blood,  diluted  with  20  volumes  of  water,  is  mixed  in  a  test-tube 
with  an  equal  volume  of  soda  solution,  sp.  gr.  1.34.  Carbon 
monoxid  blood  in  a  few  minutes  becomes  whitish-cloudy,  then 
bright  light-red,  and  on  standing  deposits  red  flocculi  in  a  pale 
rose-colored  liquid;  while  normal  blood  is  colored  dirty-brownish. 
The  precipitate  in  both  cases  dissolves  in  24  hours,  forming  a 
clear,  bright-red  liquid,  which  gives  the  OHb  spectrum. 

4.  Kunkel  and  WelzeVs  reactions'^  are  based  upon  the  different 
colors  of  coagulated  albumin  in  carbon  monoxid  blood  and  in 
normal  blood.  Several  precipitating  agents  are  used:  zinc 
chlorid,  mercuric  chlorid,  platinic  chlorid,  phosphomolybdic  acid, 
picric  acid,  potassium  ferrocyanid  and  acetic  acid,  phenylhydra- 
zin,  and  tannin.     The  last  named  gives  the  best  results. 

The  blood,  diluted  with  four  volumes  of  water,  is  mixed  with 
three  volumes  of  a  one-per-cent.  solution  of  tannin.  Carbon 
monoxid  blood  forms  a  light  carmine-red  precipitate  which  holds 
its  color  for  months.     The  precipitate  formed  by  normal  blood  is 

'Bull.   Soc.   Chim.,   Paris,    1891,  ^  Virch.    Arch.,    1857,    xi.,    288; 

3  s.  VI.,  663.     See  also:  Raimondi:  1858,  xiii.,  104. 

Kif.  med.,  1901,  xvii.,  i.,  436,  446.  =  Ztschr.  f.  physiol.  Chem.,  1888, 

Nicloux:  C.  r.   Soc.  de   biol.,    1903,  xii.,  227. 

Iv-i  12.     Martin:  Lyon  m^d.,  1904,  *  Sitzber.       Wurzb.      phys.-med. 

ran-,  993.    Garnier  et  Parisot:  J.  de  Ges.,    1888,    86;    Verb.    d.    Wurzb. 

medde Paris,  1904,  2  s.,  xvi.,  485.  Ges.,  1889,  75;  Diss.,  Wurzb.,  1889. 
Abrest:  lUd.,  1906,  2  s.,  xviii.,  213. 
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also  red  at  first  but  in  the  course  of  one  to  two  hours  shows  a 
change  toward  brown,  which  increases  so  that  in  24  to  48  hours 
it  is  permanently  gray.  Carbon  monoxid  blood  diluted  with 
normal  blood  1:12  responds  to  this  test.' 

5.  Rubner's  Reaction.' — Add  four  to  five  volumes  of  basic  lead 
acetate  solution  to  the  blood  and  shake  strongly  for  one  minute. 
Carbon  monoxid  blood  gives  a  fine  red  color;  normal  blood  a 
brownish  color,  changing  to  chocolate-color  and  to  brownish- 
gray.  The  difference  increases  on  standing;  is  still  noticeable 
in  three  weeks;  and  is  still  observed  with  a  dilution  of  one  part 
of  carbon  monoxid  blood  in  8-9  of  normal. 

6.  Zaleski's  Reaction.^ — The  reagent  is  a  saturated  solution 
of  cupric  sulfate,  nitrate,  chlorid,  or  acetate,  diluted  with  three 
volumes  of  water.  To  2  c.c.  of  the  blood,  diluted  with  2  c.c.  of 
water,  add  three  drops  of  the  sulfate  or  nitrate  solution,  or  two 
drops  of  the  chlorid  solution,  or  seven  drops  of  the  acetate  solu- 
tion, and  agitate  strongly.  Carbon  monoxid  blood  gives  a  brick- 
red  precipitate,  normal  blood  a  dirty  grayish-brown.  The 
proportions  given  above  must  be  observed.  The  reaction  is 
not  very  delicate,  and  fails  with  a  dilution  of  1:3.  In  sealed 
tubes  the  difference  is  observable  after  four  weeks.  The  reac- 
tion has  been  obtained  with  blood  after  standing  twelve  days. 
The  supernatant  liquid  may  be  examined  spectroscopically. 

7.  Landois'  Reaction^ — The  blood  is  diluted  with  water  in 
the  proportion  of  3  :  100,  and  a  similar  sample  of  normal  blood  is 
prepared  for  a  control.  To  each  a  few  drops  of  dilute  caustic 
potash  solution  and  then  a  few  drops  of  an  aqueous  solution  of 
pyrogallol  are  added.  The  samples  are  then  shaken  once  and 
set  aside  in  completely  filled  and  corked  test-tubes.  Normal 
blood  assumes  a  dirty-brown  color  from  absorption  of  oxygen 
by  the  pyrogallol,  while  carbon  monoxid  blood  remains  red. 

8.  Salkowski's  Reaction.^ — One  c.c.  of  blood  is  diluted  with  50 
c.c.  of  water    and    mixed    with  one-half  to  three-quarters  its 

'  Concerning  the  tannin  reaction,  -  Arch.  f.  Hyg.,  1890,  x.,  397. 

see  also:  Schultz:  Ztschr.    f.    Med.-  _    '  Ztschr.  f.  physiol.  Chem.,  1885, 

Beamte,    1895,    viii.,    529.     Zuntz:  ix.,  225. 

Arch.  f.  An.  u.  Phys.,  Phys.  Abt.,  ''Deut.   med.   Wchnschr.,   1892, 

1900,     Suplb.,     315.     Wachholz:  x viii.,  996.  See  also:  Reid:  Maritime 

Vrtljschr.  f.  ger.  Med.,   1902,  3  F.,  M.  News,  1897,  ix.,  412. 
xxiii.,  225;  Ibid.,  1907,  3  F.,  xxxiii.,  '  Zeitschr.  f.  physiol.  Chem.,  1883, 

Suplh.,    118.     Renter:  Ibid.,    1906,  vii.,  114. 
3  F.,  xxxi.,  240. 
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volume  of  a  saturated  hydrogen  sulfid  water  and  shaken  a  few 
times.  Normal  blood  changes  its  color  in  a  few  minutes  to  dirty- 
green,  but  the  red  color  of  carbon  monoxid  blood  remains  un- 
altered. If  the  tubes  be  closed  by  fusion  the  difference  remains 
perceptible  for  months,  perhaps  indefinitely.  The  colors  are 
most  noticeable  in  the  froth  produced  by  shaking  the  closed 
tubes.  Or  the  test  may  be  applied  by  simply  dropping  2  to  3 
drops  of  the  blood  into  a  test-tube  one-third  filled  with  hydrogen 
sulfid  water,  and  shaking  gently. 

9.  Katayama's  Reaction^  is  a  modification  and  improvement 
of  Salkowski's.  The  reagents  used  are  an  orange  colored  solu- 
tion of  ammonium  sulfid,  obtained  by  adding  2 . 5  gm.  sulfur  to 
100  CO.  of  fresh,  colorless  ammonium  sulfhydrate;  or  2  gm.  to 
100  c.c.  of  yellow  ammonium  sulfid;  and  acetic  acid  of  thirty  per 
cent.  The  blood  is  diluted  with  water  in  the  proportion  of 
1:50.  Of  this  10  c.c.  are  placed  in  a  test-tube,  0.2  c.c.  of  the 
orange  sulfid,  and  then  0.2  to  0.3  c.c.  of  the  acid  are  added  to 
faintly  acid  reaction,  and  the  whole  mixed  by  reversing  the  tube 
once  or  twice,  avoiding  strong  agitation.  Or  5  drops  of  the 
blood  may  be  dropped  into  a  test-tube  containing  10  to  15  c.c.  of 
water  to  which  5  drops  of  the  sulfid  and  7  to  10  drops  of  the  acid 
have  been  added,  so  that  the  reaction  is  faintly  acid.  In  carbon 
monoxid  blood  fine  flocculi  are  formed  and  a  rose-red  color.  In 
normal  blood  flocculi  are  also  formed,  but  the  color  is  green- 
gray  or  reddish  green-gray.  In  24  hours  the  flocculi  will  have 
formed  deposits  of  the  above  colors,  the  fluid  above  being 
red  with  carbon  monoxid  blood  and  dirty  dark  green  or  gray 
with  normal  blood.  The  filtered  liciuid  with  carbon  monoxid 
blood  gives  a  spectrum  of  three  bands,  a  composite  spectrum 
consisting  of  the  two  COHb  bands  and  the  sulfmethsemoglobin 
band,  midway  between  G  and  D.  The  spectrum  with  normal 
blood  is  two  banded,  also  composite,  and  consisting  of  the  sul- 
metbemoglobin  and  reduced  haemoglobin  bands.  The  reaction 
is  sensitive  with  carbon  monoxid  blood  diluted  1:5  to  1:7  with 
normal  blood. 

10.  Ipsen's  Reaction.^ — ^From  4  to  10  c.c.  of  the  blood,  and 
an  equal  amount  of  normal  blood  for  a  control  experiment,  are 
placed  in  test-tubes  with  sufficient  potassium  hydroxid  solution 

'  Viroh.  Arch.  1888,  cxiv.,  53.  '  Vrtljschr.    f.    ger.    Med.,    1899, 

3F.,  xviii.,46. 
IV.-72 
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to  give  an  alkaline  reaction,  and  "knife-point"  of  pure,  pow 
dered  glucose.  The  tubes  are  then  closed  by  a  plug  of  ordinan 
cotton,  upon  which  melted  paraffin  is  poured.  In  4  to  5  hours  th( 
carbon  monoxid  blood  is  bright  cherry-red;  the  normal,  reddish 
black.  The  difference  becomes  more  marked  for  a  few  days,  anc 
is  permanent  for  weeks  and  months. 

11.  Eulenberg's  Reaction.^ — If  air  or  oxygen  be  drawn  through 
carbon  monoxid  blood  and  then  through  a  solution  of  palladoui 
chlorid,  that  salt  is  reduced  by  the  carbon  monoxid,  wit! 
separation  of  metallic  palladium  in  black  scales  or  as  a  blaci 
precipitate  (see  Fodor's  quantitative  method,  below). 

Examination  of  Am. — 1.  Fodor^  uses  a  test-paper  moistened 
with  a  2  :  1000  neutral  solution  of  palladous  chlorid.  This  if 
hung  by  a  platinum  wire  in  a  bottle  containing  10  liters  of  the 
air  and  a  little  water.  The  bottle  is  corked  and  allowed  to  stand 
for  12  to  24  hours.  The  paper  is  blackened  by  air  containing 
.  05  :  1000  of  carbon  monoxid.  It  is  also  blackened  by  hydrogen 
sulfid  and  by  ozone. 

2.  VogeP  first  used  blood  to  detect  carbon  monoxid  in  air. 
He  directed  that  the  air  be  shaken  in  a  small  bottle  with  very 
dilute  blood,  to  which  ammonium  sulfhydrate  is  then  added. 
If  the  air  contained  0 .  25  per  cent,  of  carbon  monoxid  the  COHb 
bands  are  found  on  spectroscopic  examination  (see  above). 
Hempel*  rendered  the  method  more  delicate  (to  0.06  per  cent.) 
by  aspirating  a  large  volume  of  air  through  the  diluted  blood, 
and  examining  it  as  above. 

Zuntz'  takes  advantage  of  the  fact  that  carbon  monoxid  is 
more  readily  detected  in  air  after  removal  of  oxygen.  A  few 
liters  of  the  air  are  drawn  through  a  bottle  filled  with  iron  wire- 
gauze  moistened  with  ammoniacal  water  (which  absorbs  the 
oxygen  completely  in  half  an  hour)  and  then  through  a  Liebig's 
bulb  containing  10  c.c.  of  diluted  blood  (1 :200).  By  examina- 
tion of  the  blood  with  the  tannin  reaction  (see  above)  COHb  is 
detectable  if  the  air  contained  1  :  40,000  of  carbon  monoxid. 

■  Lehre     v.    d.    schadl.    u.    gift.  '  Berichte,    Berl.,  1877,   x.,   792; 

Gasen,     1S65,     p.     52.    Potain    et  1S7S,  xi.,  235. 

Drouin:  C.  r.  Ac.  sc,  1898,  cxxvi.,  "  Ztschr.     f.     an.     Chem.,     1879, 

938.  xviii.,  402. 

=  Deut.  Yrtljschr.  f.  off.  Gesund-  *  Arch.  f.  An.  u.  Physiol.;  Phys. 

htspfl.,    1880,   xii.,   377-.   1881,  xiii.,  Abth.,  1900,  Spbd.,  315.     See  also: 

605.  Kostin:      Pflug.    Arch.,        1900-1, 

Ixxxiii.,  572. 
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3.  Berthelot*  uses  a  dilute  solution  of  ammoniacal  silver 
nitrate  for  the  detection  of  carbon  monoxid  in  air.  The  solution 
is  turned  brown  in  the  cold,  and  deposits  a  black  precipitate 
when  heated.     Hydrogen  sulfid  behaves  similarly. 

4.  LaHarpe  and  Reverdin^  have  utilized  the  reduction  of 
iodic  acid  by  carbon  monoxid,  aided  by  heat,  first  noted  by 
Ditte.^  The  air,  after  filtration  through  glass  or  cotton  wool, 
is  passed  over  pure  and  dry  iodic  acid,  heated  to  150°,  and  then 
into  starch  solution.  Carbon  monoxid  is  oxidized  to  the  dioxid, 
and  the  liberated  iodin  colors  the  starch  dark-blue.  Nine  liters 
of  air  containing  1  to  2  :  100,000  give  a  sensible  coloration.  Hy- 
drogen sulfid  and  other  reducing  agents  behave  similarly. 
Nicloux  uses  this  reaction  in  a  quantitative  method  (see  below) . 

5.  Haldane^  has  found  that  the  time  required  for  the  symp- 
toms of  carbonic  oxid  poisoning  to  appear  is  about  20  times  as 
long  in  a  man  as  in  a  mouse.  Hence  it  is  possible  with  safety  to 
use  a  mouse  as  an  indicator  of  the  presence  of  poisonous  quan- 
tities in  an  atmosphere  into  which  it  may  be  necessary  for  men  to 
penetrate. 

Quantitative  Determination. — 1.  Haldane's  method^  for 
the  determination  of  carbon  monoxid  in  blood  and  in  air  is 
colorimetric.  For  the  examination  of  blood  0.02  c.c.  (measured 
with  a  Gower's  pipette)  are  diluted  with  2  c.c.  of  water  in  one 
(A)  of  three  similar  test-tubes  (^  inch  internal  diameter) .  In 
another  tube  (B)  0.02  c.c.  of  normal  blood  are  similarly  diluted; 
and  in  the  third  are  placed  2  c.c.  of  normal  blood  saturated  with 
carbon  monoxid.*  A  0 .  01  per-cent.  standard  solution  of  carmine' 
is  then  added,  in  quantities  of  0. 1  c.c,  to  B,  until  its  tint  is  the 
same  as  that  of  A,  and  the  amount  noted,  after  which  the  addi- 
tion of  carmine  solution  to  B  is  continued  until  its  tint  is  the 
same  as  that  of  C,  and  the  total  amount  noted.  From  these  data 
the  percentage  of  Hb  in  combination  as  COHb  is  calculated  as 

'C.   rend.   Ac.   Sc,   Paris,    1891,  with    illuminating    gas    which    has 

cxii.,  597.  been  passed  through  caustic  potash 

'  Bull.   Soc.    chim.,   Paris,    1889,  solution,  and  agitating  two  to  three 

3  s.,  i.,  163.  minutes. 

'Ibid.,  1870,  xiii.,  318.  '  Made  by  mixing  1  gm.  of  pure 

'J.  of  Physiol.,  1895,  xviii.,  430.  carmine    with    a    little    ammonium 

°J.  of  Physiol.,   1895,  xviii.,  430,  hydroxid  in  a  mortar,  and  dissolving 

463;  1896,  xx.,  521.  in  100  c.c.  of  glycerin.     This  solu- 

°  Obtained  by  placing  a  few  c.c.  tion    is    preserved    and    diluted    as 

of  the  defibrina ted  and  diluted  blood  required    by    diluting    5    c.c.    with 

in  a  small  flask,  displacing  the  air  500  c.c.  of  water. 
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in  the  following  example:  It  required  0.5  c.c.  of  carmine 
solution  to  bring  the  tint  of  2  c.c.  of  diluted  normal  blood  up 
to  that  of  2  c.c.  of  the  blood  under  examination;  and  2.2  c.c.  to 
imitate  the  tint  of  2  c.c.  of  the  saturated  blood. 

Then  ^x|^Xl00  =  38  per  cent.  COHb. 

For  the  examination  of  air,  2  to  3  liters  of  the  air  are  passed 
through  a  bottle  of  200  c.c.  capacity,  fitted  with  a  cork  through 
which  pass  two  glass  tubes  whose  outer  ends  are  then  closed  by 
slipping  over  them  sections  of  rubber  tubing  plugged  with  pieces 
of  glass  rod.  Then  5  c.c.  of  defibrinated  ox  blood,  diluted  with 
water  to  1  :  100,  are  introduced  into  the  bottle  from  a  pipette,  the 
point  of  which  is  inserted  into  one  of  the  rubber  tubes  from  which 
the  glass  rod  has  been  removed,  while  an  air-way  is  made  through 
the  other  tube  by  pinching  up  the  rubber  tube.  The  glass  rod 
stopper  is  then  replaced,  the  bottle  covered  with  a  cloth,  and 
agitated  for  10  minutes.  The  diluted  blood  is  then  transferred 
from  the  bottle  to  one  (A)  of  three  similar  test-tubes  (|  to  h  inch 
internal  diameter  and  capable  of  holding  12  c.c);  into  another 
of  which  (B)  are  placed  5  c.c.  of  the  original  ox  blood  solution, 
while  the  third  (C)  is  completely  filled  with  diluted  ox  blood 
saturated  with  carbon  monoxid  and  corked.  The  tints  are  then 
compared.  If  the  air  contained  more  than  0.01  per  cent,  of 
carbon  monoxid  A  will  be  pinker  than  B;  and  if  more  than  three 
per  cent.  A  and  C  will  be  sensibly  equal.  The  standard  carmine 
solution  is  then  added  to  B  until  its  tint  and  that  of  A  are  equal. 
This  point  is  noted,  and  the  addition  of  carmine  solution  con- 
tinued until  B  and  C  are  equal  in  tint.  The  percentage  of  Hb 
in  the  blood  as  COHb  is  then  calculated  in  the  same  manner  as 
in  the  examination  of  blood,  holding  in  consideration  the  fact  that 
here  5  c.c.  are  used  in  place  of  2  c.c.  Example:  To  5  c.c.  of 
diluted  normal  blood  (B)  2.2  c.c.  of  carmine  solution  were  added 
to  render  its  tint  equal  to  that  of  5  c.c.  of  the  air-shaken  blood 
(A),  and  6. 2  c.c.  to  equal  that  of  the  saturated  blood  (C). 

Then  |^  X  ^  X 100  =  55 . 2  per  cent.  COHb. 

Haldane  gives  a  table  showing  the  percentage  of  carbon  monoxid 
in  the  air  corresponding  to  values  of  COHb  per  cent,  from  five 
per  cent.  =  0.006  per  cent.  CO  to  ninety-five  per  cent.  =  1.7  per 
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cent.  CO.^  The  color  comparisons  must  be  made  by  daylight, 
but  the  blood  solutions  containing  COHb  must  be  exposed  to 
light  as  little  as  possible  to  avoid  its  decomposition.  The 
maximum  experimental  error  up  to  seventy  per  cent.  COHb  is 
five  per  cent.,  above  that  it  is  as  high  as  ten  per  cent.,  from  disso- 
ciation of  COHb  by  air  in  the  water  used  to  dilute.  The  method 
as  applied  to  air  gives  results  which  are  too  high  by  one-third 
if  the  proportion  of  oxygen  in  the  air  is  reduced  more  than  two 
to  three  per  cent,   below  the  normal. 

2.  Fodor's  method,^  based  upon  the  reduction  of  palladous 
chlorid  by  carbon  monoxid,  gives  more  accurate  results,  and 
may  also  be  used  for  determinations  in  air  or  in  blood.  The 
reaction  is  expressed  by  the  equation:  PdCl2-|-CO  +  H20  =  Pd 
+2HCI-I-CO2,  therefore  Pd  :C0  : :  106  :28. 

For  the  examination  of  blood  10  c.c,  diluted  with  50  c.c. 
of  water,  are  placed  in  a  flask  fitted  with  two  tubes,  one  of 
which,  for  the  entrance  of  air,  extends  to  near  the  bottom  of 
the  flask.  The  second  tube  is  in  communication,  first  with  two 
small  wash  bottles,  the  first  of  which  contains  a  solution  of  lead 
acetate  and  the  second  dilute  sulfuric  acid  (for  absorption  of 
hydrogen  sulfid  and  ammonia) ,  and  then  with  two  U-tubes  with 
four  bulbs  containing  a  solution  of  palladous  chlorid.^  The 
flask  containing  the  blood  is  then  heated  on  the  water-bath  to 
90-95°,  while  a  gentle  current  of  air,  previously  passed  through  a 
solution  of  palladous  chlorid,  is  drawn  through  the  apparatus 
at  the  rate  of  about  200  c.c.  per  hour  for  3-4  hours.  The  re- 
duced palladium  is  then  collected  on  a  moist  filter,  washed  wifh 
water,  and  dissolved,  along  with  that  adherent  to  the  U-tubes, 
in  hot  aqua  regia,  the  solution  evaporated  during  addition  of 
hydrochloric  acid,  and  the  residue  dissolved  in  water.  The 
palladium  is  determined  in  this  solution  by  titration  with  a 
solution  of  potassium  iodid  containing  1.486  gm.  to  the  liter. 
The  diluted  palladium  solution  is  heated  on  the  water-bath  and 
the  potassium  iodid  solution  added  from  a  burette  as  long  as  a 
brown  cloudiness  is  produced.     The  palladous   iodid  settles  on 

'J.  of  Physiol.,  1896,  XX.,  521.  moistened    with   hydrochloric   acid; 

^Deut.  Vrtljschr.  f.  off.  Gesund-  dried,    moistened    with   water,    and 

htspfl.,  1880,  xii.,  377.  again  dried.     With  the  last  residue 

'  The  commercial  salt  is  dissolved  a  solution  is  made  containing  1  gm. 

in  hydrochloric  acid  with  addition  PdClj  in  500  c.c.  of  water, 
of  nitric  acid,  evaporated  to  dryness, 
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warming  and  agitation,  when  more  iodid  solution  is  added  drop 
by  drop.  When  no  further  cloudiness  is  caused  in  the  liquid, 
a  few  drops  are  passed  through  a  moist  filter  into  a  test-tube  and 
tested  with  the  iodid  solution;  these  being  returned  to  the  main 
liquid  and  more  iodid  solution  added  if  necessary.  Each  c.c. 
of  potassium  iodid  solution  used  represents  0.1  c.c.  of  carbon 
monoxid.  Gaglio'  has  improved  the  process  by  adding  caustic 
potash,  either  in  sticks  or  in  concentrated  solution  to  the  blood, 
which  favors  the  expulsion  of  the  carbon  monoxid  and  permits 
the  use  of  undiluted  blood  without  interference  by  coagulation. 

For  determination  in  air,  10  c.c.  of  defibrinated  blood,  diluted 
with  50  c.c.  of  water,  are  agitated  with  the  air  in  a  6-liter  bottle 
and  allowed  to  stand  10  minutes,  and  this  is  repeated  from  5  to  7 
times.  The  blood  is  then  transferred  to  the  flask  above  referred 
to  and  the  determination  made  as  above  described.  The  deter- 
mination in  the  blood  should  be  made  as  soon  as  possible  after 
the  absorption.  The  blood  should  be  protected  from  light  dur- 
ing the  agitation  with  air  and  thereafter. 

3.  Nicloux's  method^  depends  upon  the  oxidation  of  carbon 
monoxid  by  iodic  acid,  and  the  determination  of  the  liberated 
iodin  by  Rabordin's  method.^  The  air  to  be  examined  is 
passed  first  through  a  U-tube  containing  pieces  of  caustic  potash 
(for  absorption  of  carbon  dioxid,  hydrogen  sulfid,  and  sulfur 
dioxid) ,  then  through  a  U-tube  containing  pumice  moistened  with 
sulfuric  acid  (for  drying),  then  through  a  tube  containing  25  to 
40  gm.  of  iodic  acid,  standing  in  an  oil-bath  heated  to  150°. 
This  tube  delivers  into  a  Will's  apparatus  containing  5  c.c.  of 
caustic  soda  solution,  sp.  gr.,  1.2  to  1.3,  diluted  with  5  c.c.  of 
water.  The  carbon  monoxid  is  oxidized  according  to  the 
equation:  5C0+ 2I03H  =  5C02-|-H20  +  l2,  and  the  liberated 
iodin  is  carried  along  with  the  air  current.  Afterward  the 
soda  solution  is  diluted  to  50  c.c.  with  water,  acidulated  with 
sulfuric  acid,  treated  with  a  few  c.c.  of  sodium  nitrite  solution, 
and  strongly  agitated  with  chloroform  or  preferably  with  carbon 
disulfid.  The  iodin  is  then  determined  colorimetrically  in  this 
violet  solution  by  comparison  with  a  solution  of  potassium  iodid 
containing  0.1  mgm.  KI  per  c.c.  One  mgm.  KI  equals  i  of 
0.97    c.c.    of    carbon    monoxid.     The     error,     according      to 

'  Arch.  f.  exp.  Path.  u.  Pharm.     ''  C.  r.  Ac.  sc,  1898,  cxxvi.,  746. 
1887,  xxii.,  244.  ^  jj,^^  jggQ^  xxi.,  784. 
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Nicloux,  may  be  ten  per  cent.  Volatile  organic  substances  also 
cause  reduction  of  iodic  acid;  hydrogen  and  saturated  hydro- 
carbons do  not. 

Gautier,'  who  claims  to  have  used  a  process  similar  im  Ni- 
cloux's  for  some  time,  determines  both  the  iodin  liberated  and 
the  carbon  dioxid  produced.  He  found  that  iodic  acid  is  easily 
acted  upon  by  carbon  monoxid  at  60°-70°,  more  slowly  at  45°, 
and  to  some  extent  even  below  30°;  that  acetylene  liberates  not- 
able quantities  of  iodin  at  60°;  and  that  certain  gases,  such  as 
ethylene,  which  are  themselves  difficultly  'oxidized,  hinder  the 
oxidation  of  carbon  monoxid.  In  Gautier's  method  the  air  is 
first  filtered  through  glass-wool,  then  washed  with  caustic  potash 
solution,  then  passed  over  barium  hydroxid  and  phosphoric 
anhydrid,  then  through  a  weighed  tube  containing  iodic  acid, 
heated  to  100°-105°,  then  through  a  weighed  tube  containing 
copper  wire-gauze,  also  heated  to  100°-105°,  then  through  a 
weighed  tube  containing  phosphoric  anhydrid,  in  which  the 
water  formed  is  determined,  and  then  through  a  system  of  three 
tubes,  containing  phosphoric  anhydrid,  barium  hydroxid,  and 
phosphoric  anhydrid,  in  which  the  carbon  diox:id  is  determined. 
The  weighed  tubes  are  again  weighed  after  the  operation,  and 
all  weighings  must  be  made  with  great  accuracy.  The  amount 
of  oxygen  in  the  water  and  carbon  dioxid  formed  is  calculated. 
This  is  derived  in  part  from  the  iodic  acid  and  in  part  from  the 
carbon  monoxid.  The  former  is  found  by  subtracting  the  in- 
crease in  weight  of  the  copper  from  the  loss  of  weight  of  the 
iodic  acid.  This,  subtracted  from  the  total  oxygen,  and  the 
difference  multiplied  by  1.75,  gives  the  weight  of  carbon  mon- 
oxid in  the  volume  of  air  used.  Either  Nicloux's  or  Gautier's 
method  may  be  used  with  blood  in  the  same  manner  as  Fodor's 
method. 

4.  Spectrophotometric  methods  have  been  recommended  by 
Cherbuliez^  and  by  Dresser.'  They  are  applicable  if  only  OHb 
and  COHb  are  present,  that  is  in  fresh  blood.  Cherbuliez  used 
Dupr^'s  spectrophotometer,  Dresser  that  of  Hiifner.* 

'C.  r.  Ac.  sc,    1898,  cxxvi.,  793,  'Arch.  f.  exp.  Path.  u.  Pharm., 

871,    931,      1299.      Also:     Holier:      1892,  xxix.,  119. 
Thbse,  Paris,  1896.  ■*  See  also:  St.  Martin:  J.  de  phy- 

'^  Etude  spectrophotometrique  du      siol.  et  de  path,  gen.,  1905,  vii.,  35. 
sang  oxycarbone,  Paris,  1890.  Kurpjuweit:      Vrtljschr.     f.     ger., 

Med.,  1907,  3  F.,  xxxiv.,  14. 
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CHLOROFORM. 

Chloroform  (CHCI3)  is  a  colorless  liquid,  volatile  at  all  tem- 
peratures, boiling  at  60.8°  (141.4°  F.),  having  a  burning  and 
sweetish  taste,  and  a  characteristic,  strong,  somewhat  ethereal 
and  agreeable  odor.  This  odor  may,  under  favorable  conditions, 
remain  perceptible  in  a^  closed  apartment  or  in  the  hair  or  clothing 
for  several  hours.  It  is  soon  altered  in  character,  however, 
from  the  ethereal  odor  to  one  which  is  "stale"  and  acrid  in 
quality.  Chloroform,  is  very  sparingly  soluble  in  Avater,  but 
miscible  with  alcohol  and  ether  in  all  proportions.  Sp.  gr.  1.497. 
One  fluid  ounce  (29.6  c.c.)  weighs  44.3  gm.  (638.6  gr.).  In 
comparing  doses  stated  in  metric  with  those  expressed  in  apothe- 
cary's it  must  not  be  forgotten  that  the  former  are  weighed 
and  the  latter  measured.  The  vapor  of  chloroform  is  about 
four  times  as  heavy  as  air:  Sp.  gr.  =4.126.  Chloroform  is  not 
combustile  in  the  sense  that  ether  and  alcohol  are,  i.e.,  it  does 
not  ignite  on  the  approach  of  a  flame,  and  the  burning  of  a  fabric 
saturated  with  it  is  neither  favored  nor  impeded.  Chloroform 
is  poisonous  both  when  its  vapor  is  inhaled  and  when  it  is 
swallowed  as  a  liquid. 

Statistics  and  Origin. — By  Inhalation. — The  great  majority 
of  all  reported  cases  of  chloroform  poisoning  have  resulted  from 
the  use  of  its  vapor  as  an  anaesthetic  in  surgical  and  obstetrical 
practice.  The  occurrence  of  such  accidents  is,  however,  rare 
in  view  of  the  vast  number  of  cases  in  which  chloroform  is  so 
used,  although  it  must  be  admitted  that  they  occur  more  fre- 
quently with  chloroform  than  with  nitrous  oxid,  ether,  or  mix- 
tures of  chloroform  with  alcohol  and  ether.  Sansom  estimates 
the  deaths  from  chloroform  inhalation  at  1  in  14,000;  Richardson 
at  1  in  3 ,500 ;  Konig  met  with  none  in  1 7 ,000 ;  Billroth  had  adminis- 
tered chloroform  in  12,500  cases  before  the  occurrence  of  the  first 
death;  Bardeleben  says  that  in  30,000  cases  during  1849  to  1875 
no  death  occurred,  but  that  in  1876  it  caused  four  deaths. 
Hirsch  estimates  that  from  12  to  15  deaths  now  occur  annually 
during  or  following  chloroform  anaesthesia.'  This  estimate  is 
probably  too  low.  Edmunds^  refers  to  83  persons  having  been 
killed  in  England  in  1899  by  anaesthetics,  of  which  a  majority 
at  least  must  have  received  chloroform,  and  HilP  refers  to  39 

'  Ztschr.  f.  klin.  Med.,  1894,  xxiv.,  ^  Lancet,  1900,  i.,  227. 

190.  »Br.  M.J. ,  1897,  i.,  960. 
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deaths  from  chloroform  in  England  in  one  year.  In  11,000  cases 
during  the  American  civil  war  there  were  seven  deaths,  a  pro- 
portion of  1:1570.^  There  is  therefore  great  variation  in  the 
percentage  of  mortality  from  this  cause.  This  is  probably 
due,  in  some  measure  at  least,  to  variations  in  the  degree  of 
purity  of  the  ansesthetic,  which  is  very  liable  to  contain  highly 
deleterious  impurities,  resulting  not  only  from  defective  rectifica- 
tion, but  also  from  deterioration  caused  by  the  action  of  light 
and  air.^ 

Chloroform  may  cause  poisoning  indirectly  when  its  vapor 
is  used  for  producing  ansesthesia  for  a  protracted  period  in  a 
confined  space  lighted  by  gas  burners  or  by  lamps.  Under  such 
circumstances  not  only  the  patient  but  the  operator  and  attend- 
ants also  have  suffered  from  cyanosis,  dyspnoea,  severe  spas- 
modic coughing  and  collapse,  and  in  one  instance  at  least  death 
has  resulted."  These  toxic  effects  are  usually  ascribed  to  the  action 
of  carbonyl  chlorid,  produced  by  the  decomposition  of  chloro- 
form by  the  heat  of  the  flames,  according  to  the  equation 
2CHCl3  +  02  =  2HCl4-2COCl2;  but,  as  water  is  always  produced 
by  the  combustion  of  the  hydrocarbons  of  the  illuminant,  and  as 
at  the  temperature  of  the  flame  carbonyl  chlorid  and  water  react 
according  to  the  equation  COCl2  +  H20  =  C02  +  2HCl,  it  is 
doubtful  whether  carbonyl  chlorid   can  be  so  produced.     The 

'  Circular  No.  6,  Surgeon-General's  of  the  pharmacopoeias.     In  this  con- 
Office,  U.  S.  A.,  p.  87.  nection    see:    Feigl    u.    Meier:   Bio- 

^Such   deterioration   takes   place  chem.  Ztschr.,  1906,  i.,  317.    Trillat, 

very  rapidly,  even  with  the  purest  Rev.    fran?.    de    m6d.    et    de    chir., 

chloroform,   made   from   chloral   or  1904,     917.       Langgaard:     Therap. 

purified  by  the  methods  of  Pictet  Monatsh.,  1902,  xvi.,  273. 

or  of  Anschutz  (see  p.  1158).     The  '  Lorentz:     Zeitschr.     f.     Med.- 

most   deleterious    recognized    prod-  Beamte,    1898,    xi.,  65.     See    also: 

uct   is    carbonyl    chlorid,   or  phos-  Eversbusoh:  Munch,    med.     Wchn- 

gene  gas  (COCI2),  and  free  chlorin'  sohr.,    1889,   xxxvi.,    212.     Zweifel: 

and    hydrochloric     acid     are    also  Berl.  kl.  Wchnschr.,  1889,  xxvi.,  317. 

formed.     Perfectly  pure  chloroform  Peterson:  Practit.,    1889,  xlii.,  418. 

has  no  effect   upon   the   regularity  Stobwasser:     Berl.    kl.     Wchnschr., 

of  the  heart's  action  or  upon  the  1889,  xxvi.,  760.     Kunkel:    WUrzb. 

blood  pressure,  but  the  same  mate-  Sitzber.,    1890,    29.      Eisenlohr    u. 

rial,  after  a  short  exposure  to  light  Fermi:     Arch.  f.    Hyg.,    1891,  xiii., 

and    air,     produces    cardiac    irreg-  269.     Schumburg:    Hyg.  Rundsch., 

ularity    and    diminution   of   blood  1898,    viii.,    921.      Helmuth:    Rep. 

pressure  when  administered  to  dogs  Helmuth  House,  1888-1898,  iii.,  9. 

by  inhalation,  and  its  use  is  not  free  Miller:   Proc.  Phila.  Co.  Med.  Soc, 

from  danger,    notwithstanding   the  1889,  x.,  247.     Martin:  Bermingham 

fact    that    when     altered     in     this  Med.  Rev.,  1892,  xxxii.,  83.    Kunkel: 

degree  it  responds  favorably  to  the  "Tox.,"  1899,  435. 
usual    chemical     tests    for    purity 
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reaction  in  the  flame  is   more  probably  2CHCl3  +  02  +  2H20  = 
2CO2  +  6HCI.1 

Cases  of  homicide  by  chloroform  administered  by  inhalation 
are  of  rare  occurrence.  Casper  mentions  two  cases  in  which  it 
appears  from  the  context  that  the  administration  was  in  this 
manner,  although  the  fact  is  not  stated.  In  1856  a  man  killed 
his  wife,  his  two  children  and  himself  by  chloroform.  In  the 
second  case  a  man  killed  his  pregnant  mistress  by  chloroform, 
and  himself  by  shooting.^  BrouardeP  mentions  three  cases 
supposedly  homicidal,  although  the  evidence  of  criminality  was 
insufficient  to  warrant  prosecution.  In  one  of  these  a  wealthy 
man  was  found  in  his  room,  dead  from  inhalation  of  chloroform, 
lie  had  been  in  the  habit  of  self -administration  of  the  anaesthetic, 
but,  half  an  hour  before  he  was  found,  his  two  impecunious  heirs 
had  left  him.  In  the  other  two  cases  there  was  apparently  intent 
to  commit  murder  but  the  intended  victim  was  induced  to  initi- 
ate the  inhalation  voluntarily.  Riith*  reports  a  case  in  which  a 
man  after  conviction  confessed  that  he  had  procured  the  murder 
of  his  wife  by  strangulation,  facilitated  by  inhalation  of  chloro- 
form. In  the  Preller-Maxwell  case  in  St.  Louis  in  1885,  the 
defendant.  Maxwell,  confessed  to  having  destroyed  his  victim  by 
chloroform  administered  by  inhalation,  and  the  presence  of 
chloroform  in  the  lungs  was  demonstrated  by  analysis.^  Death 
by  forced  inhalation  of  chloroform  was  supposed  to  have  oc- 
cured  in  the  case  for  which  Mudgett,  alias  Holmes  was  convicted 
and  executed  in  Philadelphia  in  1895-96.°  In  a  case  in  Trenton, 
N.  J.,  in  1890,  a  woman  died  from  the  effects  of  inhaled  chloro- 
form, possibly  administered  by  another  with  homicidal  intent. 
In  the  Rogers  case  at  Bennington,  Vt.,  in  1892,  the  victim,  the 
husband  of  one  of  the  defendants,  was,  in  pretence  of  playing  a 
game,  firmly  corded  in  a  chair  by  the  wife  and' her  paramour,  and 


'  Gerlinger's   experiments    (Arch.  factory.     Vrtljschr.  f.  ger.  M.,  1907, 

f.   exp.  P.  u.  P.,  1902,  xlvii.,  438)  3  F.,  xxxiv.,  265. 

demonstrate      the      formation      of  ^  "Handb.,"  8te  Aufl.,  ii.,  573, 585. 

hydrochloric  acid   from  chloroform  ^  Ann.  d'hyg.,  1895,  3  S.,  xxxiv., 

vapor  in  gas  lights,  but  fail  to  ade-  227,  228. 

quately    prove    the    formation    of  '  Friedreich's    Bl.    f.     ger.    Med., 

carbonyl  chlorid.  1895,  xlvi.,  12. 

V.    Sury-Bienz  describes   a    case  ^  Luedeking:     Amer.    Chem.     J., 

of    acute     poisoning     by   carbonyl  1886,  viii.,  358. 

chlorid  in  a  workman  in  a  chemical  "Reese:  "Med.   Jur.,"   7th.  Ed., 

564. 
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killed  by  chloroform  vapor,  two  handkerchiefs  being  saturated 
with  the  liquid  and  held  over  his  mouth  and  nostrils.  In  the 
Patrick-Rice  case  in  New  York,  in  1902,  Jones,  the  valet  of  the 
deceased  testified  that,  following  the  directions  of  the  defendant 
(Patrick),  he  had  made  a  cone  of  a  towel,  placed  a  sponge  in 
the  apex  of  the  cone  and  poured  about  two  ounces  of  chloroform 
upon  the  sponge;  that  he  had  then  placed  the  cone  over  the  face 
of  the  deceased,  who  was  sleeping,  and  left  the  room.  He 
said  that  he  had  returned  in  thirty  minutes  and  then  found  Rice 
dead,  with  the  cone  in  the  same  position  in  which  he  had  left 
it.  The  deceased  was  weak,  in  ill  health,  and  84  years  of  age. 
The  defense  introduced  medical  evidence  asserting  the  impossi- 
bility of  administration  in  the  manner  described,  with  the 
effects  as  stated  by  the  witness. 

In  considering  this  question  it  must  be  premised  that  the 
conditions  here  are  essentially  different  from  those  which 
obtain  in  the  administration  of  chloroform  vapor  secundem  artem 
to  produce  anaesthesia,  and  that  if  any  light  upon  the  subject 
is  to  be  had  from  ordinary  medical  experience  it  is  to  be  sought 
for  in  the  records  of  the  earlier  fatalites,  when  the  use  of  anes- 
thetics was  in  the  experimental  stage.  It  was  learned  quite 
early  that  life  is  menaced  by  the  inhalation  of  air  containing  a 
larger  proportion  of  chloroform  vapor  than  five  per  cent.  Snow, 
in  discussing  the  fifty  cases  of  death  from  chloroform  which 
had  occurred  in  his  time,  wrote  that  "accidents  from  this  agent 
would  arise  by  its  suddenly  paralyzing  the  heart,  if  it  were  not 
sufficiently  diluted  with  air;  and  a  careful  review  of  all  the 
recorded  cases  of  fatal  accident  shows  that  nearly  every  one  of 
them  has  happened  in  this  way.  .  .  .  The  first  rule,  therefore, 
in  giving  chloroform,  is  to  take  care  that  the  vapor  is  so  far  di- 
luted that  it  cannot  cause  sudden  death  without  timely  warning 
of  the  approaching  danger."^  Where,  as  in  a  homicidal  case,  the 
administrant  does  not  seek  to  avoid  deleterious  results,  but,  on 
the  contrary,  intends  to  cause  death,  the  air  is  in  great  measure 
excluded,  and  that  which  is  inspired  contains  a  much  higher 
percentage  of  chloroform  vapor  than  five  per  cent.,  probably 
fifteen  to  twenty  per  cent.^     One  of  Snow's  cases,  in  which  death 

'  Chloroform,  etc.,  London,  1858,      vapor  at  60°  F.  contains  twelve  per 
p.  251.  cent,  at  70°,  nineteen  per  cent.,  and 

'  Air   saturated   with   chloroform      at  80°,  twenty-six  per  cent. 
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occurred  in  less  than  one  minute  and  in  which  there  was  appar- 
ently no  resistance  on  the  part  of  the  patient,  may  be  in  this 
regard  comparable  with  that  of  Rice.'  The  question  whether 
or  not  a  sleeping  person  can  be  chloroformed  without  awakening 
(see  below)  is  an  entirely  different  one  from  that  here  under 
consideration.  Undoubtedly  the  inhalation  of  air  so  highly 
charged  with  chloroform  vapor  would  awaken  a  sleeper  if  it 
did  not  kill  him,  and  it  might  effect  both  of  these  results. 

Medico-legal  questions  relating  to  the  administration  of  vapor 
of  chloroform  (or  of  other  anaesthetics)  arise  chiefly  in  connection 
with  allegations  of  the  commission  of  crimes  other  than  homicide 
upon  persons  who  have  been  brought  under  the  influence  of  the 
anaesthetic,  either  with  the  consent  of  the  person  said  to  have 
been  injured  or  without  such  consent. 

Cases  of  the  first  class  are  usually  accusations  made  by  females 
against  physicians  or  dentists,  and  involve  rather  the  physical 
and  mental  conditions  of  the  accusing  and  accused  parties  than 
any  question  of  toxicology.  Such  accusations  have  been  made 
in  perfect  good  faith,  when  no  basis  of  fact  has  existed  for  them, 
and  even  when  witnesses  have  been  present  to  disprove  them, 
and  they  are  to  be  looked  upon  with  grave  suspicion  in  view  of 
the  hallucinations  experienced  under  anaesthetics,  which  in  fe- 
males, particularly  at  the  menstrual  period,  are  liable  to  assume 
an  erotic  type.  The  possibility  that  the  accusation  may  be  not 
only  sincere  but  also  true  must  not  be  lost  sight  of  however, 
and  it  must  be  remembered  that  there  is  a  period,  brief  it  is  true, 
during  chloroform  inhalation  when  the  subject,  although  in- 
capable of  voluntary  movement,  is  sentient  and  cognizant  of 
that  which  transpires,  the  memory  of  which  also  remains  after 
return   to   complete   consciousness.^     The  patient  is  therefore 


'  hoc.  cit.  p.   152.     Case  20.     M.  told    me    anaesthetic    effects    were 

24,    greatly    reduced    in    strength.  produced.     On  removing  the  towel 

Amputation  of  leg  proposed.     One  from     the     face     slight    convulsive 

dram  and  thirty  drops  placed  on  a  action  of  the  left  eyelid  and  a  small 

little  folded  lint,  which  was  placed  quantity    of    frothy    saliva    at   the 

in  an  oval  hollow  sponge,   held   in  mouth  were  seen.     On  a  more  mi- 

the   hand   with  a   small  towel;   the  nute  examination  of  the  heart,  eyes, 

sponge  was  applied  to  the  patient's  muscles     of    the     limbs,     etc.,     we 

nose,  he  being  directed  to  keep  his  found  him  dead."     Account  of  Dr. 

mouth    shut.     "In    less    than    one  Roe. 

minute,  the  patient  could  not  have  ^  See  p.  1160,  and  Foster:  Phila. 

taken   fifteen   inspirations.    Dr.    H.  M.  and  S.  Reptr.,  1878,  xxxviii.,  117. 
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not  necessarily  an  incompetent  witness,  although  much  more 
likely  to  tell  of  imaginings  than  of  facts.' 

In  cases  of  the  second  class,  in  which  the  subject  has  not  con- 
sented, the  question  of  the  possibility  of  suddenly  or  secretly 
rendering  a  person  incapable  of  resistance  by  inhalation  of  the 
vapor  of  chloroform  is  usually  involved.  The  statement  that 
a  person  while  awake  was  instantly  rendered  insensible  by  chlo- 
roform vapor  alone  is  not  to  be  accepted,  and  in  the  recorded 
cases  in  which  the  attempt  has  been  made  it  has  been  unsuccess- 
ful.^ It  requires  from  two  to  ten  minutes  to  produce  uncon- 
sciousness and  anaesthesia  by  chloroform  vapor  properly  diluted 
with  air,  and  a  successful  attempt  to  suddenly  anaesthetize  a 
person  with  the  undiluted  vapor  would  cause  death.  The  chloro- 
forming of  a  waking  and  unwilling  person  by  administration  ex- 
tending over  any  appreciable  time  involves  the  use  of  force  or 
restraint.  Consequently,  under  these  conditions,  the  deter- 
mination of  the  truth  or  falsity  of  the  accusation  depends  upon 
the  circumstances  of  the  case  and  the  relative  strength  of  the 
parties  rather  than  upon  toxicological  data. 

The  question  of  the  possibility  or  impossibility  of  transform- 
ing natural  sleep  into  the  unconsciousness  of  chloroform  narcosis 
has  been  much  discussed,  and,  in  one  case  at  least,  the  prosecu- 
tion has  maintained  the  negative  of  the  proposition.^ 

Sleeping  children  may  be  more  easily  rendered  unconscious 
by  chloroform  without  being  awakened  than  adults,  and  many 


'See  article  on  Rape,   Vol.    II.,  "Lehrb.    d.   ger.  Med.,"   9te.  Aufl., 

694-696,  and  for  illustrative  cases:  1903,  142. 

Lyman:  "Artificial Anaesthesia, "etc.,  ^Hewlett:  hoc.  cit.    Rogers:  Loc. 

N.  Y.,  1881,  93-98.     Wharton  and  cit.     Dolbeau :  ioc.  ««.     Denig:  Loc. 

Stille:     "Med.   Jur.,"  5th.  Ed.,  iii.,  cit.     Sansom:  "Chloroform,"     etc., 

147-160.    Brit.     M.     J.,     1877,    ii.,  p.  51.     Amer.  Law  Rev.,  1871,  576. 

708.     Wright:    Tr.    Ohio    M.    Soc,  Snow:  Lond.    M.    Gaz.,    1850,   xlv., 

1860,  XV.,  115-144.     Tourdes:  Gaz.  326.      Lucas-Champoniere:     J.      de 

hebd.  de  m^d.  et  de  chir.,  1866,  iii.,  m^d.  et  de  chir.,  1906,  Ixxvii.,  721. 
292,326,339.     Kidd:  Edinb.  M.  J.,  'In   the   case   of   the   murder   of 

1870-71,  xvi.,  Pt.  i.,  220.     Hewlett:  pohceman  Smith  in  Jersey  City,  who 

Tr.  M.  Soc.  N.  Y.,  1879,  88.     Rogers:  was  killed  while  asleep  in  bed  with 

N.  Y.  J.  Psych.  M.,   1871,  v.,  751.  his  wife.     The  latter  claimed  that 

Denig:  Ohio    M.    Recdr.,    1877,    i.,  she    knew    nothing    of    what    had 

337.    Dolbeau:  Ann.  d'hyg.,   1874,  occurred  until  she  awoke  and  found 

2.  s.,  xli.,    168.     Turnbuli:  "Artifi-  her  husband  dead  at  her  side,  she 

cial  Anaesthesia,"  4th.  Ed.,    Phila.,  having     been     chloroformed     while 

1896,516-531.     Hofmann-Kolisko:  asleep.  Quimby:  Tr.  Am.  M.  Assoc, 

1880,  xxxi.,  519. 
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instances  in  which  this  procedure  has  been  resorted  to  for  the 
performance  of  surgical  operations  are  recorded.' 

Throwing  out  reports  in  the  secular  press  of  chloroforming  by- 
burglars,  etc.,  as  being  utterly  unreliable,  and  also  certain  of  those 
in  medical  literature,  such  as  that  of  DeWitt,^  which  are  beyond 
the  limits  of  possibility,  there  still  remain  several  reliably  re- 
ported instances  in  which  sleeping  adults  have  been  success- 
fully brought  completely  under  the  influence  of  chloroform 
without  having  been  awakened.'  Some  experimenters  along 
this  line  have  not  succeeded  in  administering  chlorolorm  to 
sleeping  adults  without  awakening  them,  and  have  stoutly 
maintained  the  impossibility  of  so  doing.*  The  most  that  such 
results  show,  however,  is  that  the  attempts  were  not  successful 
under  the  conditions  of  those  experiments,  and  the  conclusion  is 
entirely  unwarranted  in  the  face  of  a  single  successful  attempt. 

Although  it  is  sometimes  possible  under  favorable  conditions 
to  administer  chloroform  to  a  sleeping  adult  without  awakening 
the  sleeper,  and  thereby  to  transform  the  unstable  condition  of 
natural  sleep  into  the  deep  unconsciousness  of  chloroform  nar- 
cosis, the  attempt  to  do  so  much  more  frequently  arouses  the 
sleeper  suddenly  in  a  state  of  fear  and  alertness.  To  attain  the 
former  and  avoid  the  latter  result  the  administration  must  be 
made  with  extreme  care  and  deliberation  in  a  manner  which 
implies  knowledge  and  experience  on  the  part  of  the  adminis- 

1  Quimby:  hoc.  cit.,  M.,  10.  Kelly:  vii.,  403,  M.  25.     Haldemann:  Med. 

Med.   Rec,    1890,   xxxvii.,   352,   M.  Rec,   1883,  xxiii.,  594,  M.  and  F., 

15.     Borcheim:  Ibid.,    1883,    xxiv.,  adult  convicts.     Dolbeau:  Loc.  cit. 

23,    child,    6.     May:  Ibid.,    M.    4.  In  his  experiments  the  administra- 

Morgan:  Ibid.,  M.  4.     Bryden:    Br.  tion  was  not   pushed  to   complete 

M.  J.,  1894,  ii.,  531,  F.  7.     Parham:  narcosis,  but  in  6  out  of  25  experi- 

N.  Orl.  M.  and  S.  J.,   1887-8,  n.  s.,  ments  it  may  be  fairly  argued  that 

XV.,  269,  M.  6.     Murill:  Med.  Rec,  it  could  have  been,  as  the  sleepers 

1883,   xxiii.,    563.,   F.     5.     Nelson:  were  partially  narcotized  and  had 

Ibid.,     595,     M.     10.     Whitmarsh:  not  been  awakened  during  from  six 

Lancet,  1872,  ii.,  514,  child,  6.     Clu-  to  eight  minutes  inhalation.     Guer- 

ness:  Pac.  M.  J.,  1874,  xvii.,  21,  F.  8  rieri:      Virchow-Hirsch,       Jahrber. 

and  F.  2^.     Dobson:  Lancet,  1872,  1895,  440,  ex  Riv.  Sper.,  xxi.,  103. 

ii.,   549,   frequently.     Potter:    Med.  Experiments  with  patients  in  wards 

Rec,     1889,     xxxvi.,     263,    M.    8.  of    hospital    for    mental    diseases. 

Heurtaux,   reported  by   Brouardel:  Successful  in  five  cases  out  of  nine, 

Ann.  d'hvg.,  etc.,  1S95,  3  S.,  xxxiv.,  and  in  sixth  case  on  a  second  at- 

230,  M.  6-7.  tempt     after     patient     had     been 

^  Am.  J.  M.  Sc,  1S75,  n.  s.,  Ixx.,  secretly  given  0.005  gm.  morphin  in 

144.     See  also  Denig:  Loc.  cit.  wine. 

'Quimby:  Loc.  ca.     Hurd:  Med.  "  Girdner:  Med.  Rec,  1883,  xxiii., 

Rec,  18S3,  xxiv.,  613,  M.  70.   Mans-  457:  xxiv.,  454. 
field:  Wkly.   M.   Rev.,  Chic,    1SS3, 
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trant.  No  authentic  case  is  on  record  in  which  chloroform  Has 
been  so  used  to  facilitate  the  commission  of  crime,  and  it  is 
highly  improbable,  although  it  is  possible,  that  all  of  the  condi- 
tions necessary  to  success  should  conjoin. 

Cases  of  obvious  suicide  by  inhalation  of  chloroform  vapor 
appear  to  be  of  rare  occurrence  in  this  country,  although  one 
occurred  in  New  York  City  in  1910.  Hofmann  states  that  he  has 
frequently  observed  cases  of  suicide  in  which  the  liquid  has  been 
swallowed  or  the  vapor  inhaled.  He  refers  to  two  cases  in  which 
the  precautions  taken  by  the  deceased  to  insure  the  continuance 
of  the  inhalation  showed  suicidal  intent.^  Similar  cases  are 
reported  byFillipi,  SeverieMontalti,^  Burgl,^  and  in  the  Pharm. 
Journal.*  Hoffman^  reports  a  case  in  which  the  position  of  the 
body  suggested  the  possibility  of  murder.  There  is,  however, 
a  rather  numerous  class  of  cases  in  which  persons  in  the  habit 
of  self-administration  of  chloroform  by  inhalation  either  to  allay 
pain,  to  induce  sleep,  or  for  mere  enjoyment  of  the  sensation 
produced,  have  been  found  dead  under  circumstances  which 
have  left  the  question  of  their  intent  an  open  one." 

By  the  Mouth. — ^Poisoning  by  chloroform  taken  by  the  mouth 
is  not  of  infrequent  occurrence  at  the  present  time.  Falck,' 
writing  in  1880,  refers  to  twenty-seven  such  cases,  of  which 
eight  were  suicides  and  the  remainder  accidents,  and  Eliot,  in 
1885,  collected  57  cases.*  To  the  latter  we  may  add  52  cases, 
making  109  in  all,  of  which  36  were  fatal  and  73  not;  56  were 
suicides,  36  accidents,  1  a  homicide,  1  an  attempted  abortion,' 
and  in  15  the  cause  was  not  stated. 

The  homicide  referred  to  is  the  case  of  Reg.  v.  Bartlett  and 
Dyson  in  England  in  1885.  The  defendant,  Bartlett,  was 
acquitted,  and  no  evidence  against  Dyson,  who  became  a  crown 
witness,  was  introduced  upon  the  trial.  There  was  no  question 
that  death  was  caused  by  swallowing  chloroform,  of  which  Dr. 
Stevenson  found  11.5  grains  in  the  stomach  contents,  but  whether 
the  deceased  took  it  himself  as  an  anodyne,  or  with  suicidal 

'"Lehrb.  d.  ger.  Med.,"  5te  Aufl.,  "Lyman:  Loc.  cit.,   includes   six- 

1891  683;  9teAufl.,  1903,  755.  teen    such    cases    among    the    393 

''Med.  leg.,"  1889,  i.,  426.  fatalities  which  he  has  collected. 

'Friedreich's    Bl.    f.    ger.    Med.,  '  "Lehrb.  d.  Tox."  p.  175. 

1902,  liii.,  445.  '  Med.  Rec,  1885,  xxviii.,  29. 

*  Pharm.  J.,  1908,  4  S.,  xxvi.,  528.  "  Waterston  and  Robinson:  Brit. 

'  Vrtljschr.  f .  ger.  Med.,  1903,  3  F.,  M.  J.,  1898,  i.,  145. 
XXV.,  327. 
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intent,  or  received  it  at  the  hands  of  his  wife  was  not  proven. 
The  case  is  chiefly  of  psychological  interest,  particularly  in  view 
of  the  peculiar  marital  relations  of  the  Bartletts.' 

Lethal  Dose. — Vapor. — The  minimum  absolute  quantity  of 
chloroform  vapor  capable  of  causing  the  death  of  a  human  adult 
cannot  be  stated.  While  in  the  surgical  and  obstetrical  use  of 
chloroform  it  is  by  no  means  uncommon  for  patients  to  inhale  the 
vapor  of  form  50  to  100  gm.,  or  even  more,  of  chloroform  without 
any  ill  effects  being  produced  thereby  (but  see  p.  1158);  many 
instances  are  reported  in  the  earlier  literature  of  death  caused 
by  from  0.1  to  about  1  gm.^ 

The  purity  of  the  chloroform  being  assumed,  the  effect  of  a 
given  quantity  of  its  vapor  depends  greatly  upon  the  degree  in 
which  it  is  diluted  with  air.  From  his  experiments,  Snow  con- 
cluded that  the  limit  of  safety  in  the  concentration  of  chloroform 
vapor  in  inhaled  air  is  at  five  per  cent.  This  concentration  is  now 
considered  to  be  dangerously  high,  and  dilutions  beginning  at 
0.5  per  cent,  and  not  increased  beyond  two  per  cent,  are  accepted 
by  surgeons  to  be  sufficient  and  proper  for  the  production  of 
anaesthesia.  Paul  Bert  fixes  the  upper  limit  of  the  "available 
zone"  slightly  higher,  2.2  per  cent.^ 

As  the  intensity  of  the  action  of  chloroform  depends  upon  the 
rate  of  its  absorption  into  the  blood,  it  is  influenced  not  only 
by  the  degree  of  chloroform  concentration  in  the  inspired  air, 
but  also  by  variations  in  lung  ventilation,  i.e.,  activity  of  respira- 
tion. Thus  Tissot  has  shown  that  at  a  concentration  not  or- 
dinarily ansesthetic,  0.75  per  cent.,  deep  anaesthesia,  attended 
with  marked  fall  of  blood  pressure,  is  produced  with  artificial 

*  Sessions    papers,     Centr.    Crim.  less     than     1     gm.    Ross:    Lancet, 

Crt.,  ciii.,    Pt.    618,    pp.     725-811.  1869,   ii.,  506;  M.  50,  20  gtt.    (0.2 

Trial     of     Adelaide     Bartlett,     Ed.  gm.);  Am.  J.  Med.    Sc,  1848,  n.  s., 

Edward  Beal,  Lond.,  1886.     Leach:  xvi.,   502;  F.   30;   15-20  gtt.  (0.14 

Lancet,    1886,   i.,   968,     1017;    Brit.  to    0.2    gm.);    Moniteur    des   hop., 

Med.    J.,    1886,  i.,  786;  Med.  Rec,  1853,    i.,    480;    M.   ad.;    10-12   gtt. 

1890,  xxxvii.,  42.  (about  0.1  gm.). 

=  Snow:    "Chloroform,"    etc.,     p.  ^  C.   r.   Soc.   de   biol.,    1883-1884, 

130,    M.    ad.    30    gtt.    (0.28    gm.).  85,  i.,  pt.  2,  454.      Bert  and  other 

(Ten  drops  of  chloroform  measure  French  writers  express  the  concen- 

0.65   CO.,    and    weight    0.937   gm.).  tration    of    chloroform    in    air    in 

Id.,  ibid.,  p.  161;  F.  32,  20-25   gtt.  terms  of   weight   in  volume,  in  gm. 

(0.2to0.24gm.).     Gillespie:  Edinb.  in  100  liters.     This  expression  may 

Med.   J.    1866,   xi.,   645;   F.    17;   25  be  converted  into  volume  per  cent, 

minims      (2.3      gm.).      Confevron:  ,       .,      ,          ,             22.4p 

Union  m6d.,   1849,  iii.,  494;  F.  33;  ^y  the  formula  "=^^935- 
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polypnea,  and  that  under  like  conditions  an  ordinai;ily  safe  con- 
centration, 1.5  per  cent.,  becomes  fatal  in  a  few  minutes.' 

The  two  conditions  of  tenure  of  chloroform  vapor  in  the  in- 
spired air  and  the  activity  of  lung  ventilation  therefore  govern 
the  proportion  of  the  vapor  in  the  alveolar  air,  which  in  turn 
determines  the  amount  passing  into  the  blood  in  unit  time. 
It  is  in  the  proportion  of  chloroform  contained  in  the  arterial 
blood  that  the  true  values  of  the  anaesthetic  and  lethal  doses  of 
chloroform  are  to  be  determined.  The  earliest  quantitative 
results  in  this  regard  were  those  of  Gr6hant  and  Quinquaud^ 
upon  which  they  based  the  statement  that  the  anaesthetic  dose 
of  chloroform  in  arterial  blood  is  50  mgm.  per  100  c.c.  (0.05  per 
cent.),  and  that  the  lethal  dose  is  "excessively  near  to  the  anaes- 
thetic dose."  PohP  also  says  that  "the  lethal  concentration 
lies  near  to  that  which  is  therapeutically  serviceable.  "  Nicloux^ 
also  expresses  the  opinion  that  "  the  margin  between  anesthetic 
and  lethal  doses  is  relatively  very  small."  Tissot  has,  however, 
shown  that  the  safety  zone  is  wider,  and  that  consequently  the 
factor  of  safety  in  properly  conducted  administration  of  vapor 
of  pure  chloroform  is  greater  than  would  be  indicated  by  the 
opinions  cited  above.  He  found  that  the  arterial  blood  of  dogs, 
when  anesthesia  is  established  by  slow  administration  of  a  four- 
per-cent.  chloroform-air  mixture,  contains  an  average  of  37.5 
mgm.  in  100  c.c.  (0.0375  per  cent.)  of  chloroform,  and  that  the 
blood  immediately  after  cessation  of  respiration  in  animals 
killed  by  chloroform  contains  an  average  of  79.6  mgm.  in  100 
c.c.  (0.079  per  cent.).''  Notwithstanding  the  opinions  above 
quoted,  these  results  do  not  differ  widely  from  those  of  Pohl"  and 
of  Nicloux.'  The  former  found  0.035  per  cent,  in  the  arterial 
blood  of  narcotized  dogs  as  the  average  of  twelve  determinations; 
and  the  latter  found  0.03  to  0.04  per  cent,  at  the  beginning  of 
anaesthesia,  0.04  to  0.05  per  cent,  in  deep  narcosis,  and  0.06  to 
0.07  per  cent,  after    death.      Buckmaster    and    Gardner^    found 

'J.  de  physiol.  et  de  path,  g^n.,  198,  203,  241;  J.  de  physiol.  et  de 

1906,   viii.,    417.     See    also:  Brodie  path,  g^n.,  1906,  viii.,  442. 
and  Widdows:  Brit.  Med.  J.,  1906,  "^  hoc.  cit. 

ii.,  79.  '  C.  r.  Soc.  de  biol.,  1906,  Ix.,  144. 

'C.  r.  Ac.  Sc,  1883,  xcvii.,  753.  For    Nicloux's    several    papers    see 

'Arch.  f.   exp.  P.   and  P.,    1891,  also  Brit.  Med.  J.,  1906,  h.,  1792. 
xxvii.,  255.  «Proc.  Roy.Soc.  1906,  Ixxix.,  Ser. 

'C.  r.  Soc.  de  biol.,  1906,  Ix.,  248.  B.,  414. 

'C.  r.  Soc.  de  biol.,  1906,  Ix.,  195, 
IV.-73 
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lower  values  for  cats  than  for  dogs.  In  the  former  they  found  the 
arterial  blood  at  disappearance  of  the  corneal  reflex  to  contain 
.014  to  .0276  per  cent,  and  the  lethal  dose  to  be  variable,  with 
an  average  of  .04  per  cent. 

Liquid. — The  effects  of  a  given  quantity  of  liquid  chloroform 
when  taken  by  the  mouth  are  also  uncertain.  In  ten  of  96  cases 
in  which  the  amount  taken  is  stated  the  subjects  recovered  after 
having  swallowed  one  fluid  ounce  (44  gm.)  of  chloroform, 
while  in  10  cases  death  followed  the  ingestion  of  that  or  a  lesser 
quantity. 

The  smallest  quantity  which  we  can  find  record  of  having 
certainly  caused  the  death  of  an  adult  is  33  gm.  (6  fl.  dm.),' 
and  doses  of  35  to  40  gm.,^  40  gm.,^  and  27  to  50  gm.  (5  to  9  fl. 
oz.)^  have  also  proved  fatal  to  adults.  A  four-year-old  child  was 
destroyed  by  5.5  gm.  (1  fl.  dm.).^ 

Recoveries  are  reported  after  the  ingestion  of  133  gm.  (3  fl. 
oz.)  in  2  cases,*  155  gm.  (3^-  fl.  oz.),'  177  gm.  (4  fl.  oz.)  in  two 
cases,'  and  222  gm.     (5  fl.  oz.)." 

Method  of  Action. — Chloroform  causes  the  death  of  all  ani- 
mal cells  with  varying  degrees  of  rapidity.  It  is  because  of  its 
toxicity  to  bacterial  cells  that  chloroform  water  containing  less 
than  one  per  cent,  is  ef&cient  as  an  antiseptic.  As  the  proto- 
plasm, consisting  mainly  of  proteins,  is  the  only  material  uni- 
formly present  in  all  cells  the  a  priori  postulate  that  the  important, 
fatal  action  of  chloroform  is  upon  the  proteins  is  warranted. 
In  chloroform  narcosis  the  red  corpuscles  diminish  in  number.'" 

'  Fox: Tr.  Louisiana  M.  Soc,  1889,  same   case   as   that  referred  to  by 

xi.,    123;    F.    24.    Suicide.    Taylor:  Taylor:     "Poisons,"     p.     620,     as 

"Poisons,"  p.  619,  cites  two  cases  in  reported  to  him  by  Thursefield. 

which  very  serious  symptoms  were  °  Oliver:  Brit.  Med.  J.,   1882,   i., 

produced  by  22    gm.  (i  fl.  oz.),  and  775;  M.   Ad.     Suicide  or  accident? 

remarks  that  "one  of  these  proved  Waterston     and     Robinson:     Brit, 

fatal,"  but  the  original  reports  state  Med.  J.,  1898,  i.,  144;  F.  19.    Preg- 

that  both    cases   terminated   in   re-  nant.  Suicide? 

covery    (Dean:     Med.    Times     and  '  Holmes:  Assoc.   Med.  J.,   1856, 

Gaz.,    1S57,    n.    s.,    xv.,    615,    and  ii.,  733;  M.  Ad.  Ace. 

Wells:  Lancet,  1870,  i.,  290).  »  Jackson  (Taylor):  London  Med. 

^v.    Hofmann:  "Handb.    d.    ger.  Gaz.,    1S51,    xlvii.,    675;    M.     Ad. 

Med.,"     9te.     Aufl.,     755;     F,    24.  Suic.    or  Ace?     Kiley:  N.  Y.  Med. 

Suicide.  J.,  1886,  xliv.,  154;  M.  25.     Suicide; 

'Mygge:   Brit.   Med.  J.,   1881,  i.,  takenin  two  doses  of  li  and  2i  fl.  oz., 

604    (ex    Nord.    med.    Ark.,    1881,  with  8  hours  interval, 

xiii.,  No.  3);  M.  Ad.  Suicide.  "  Dun:  Glasgow    Med.   J.,     1898, 

'Pomeroy:  Med.   Rec,    1867,   ii.,  xlix.,  347;  M.  46.     Suicide. 

.54;  F,  54.     Suicide.  '«  Benass6:  Maly's  Jahrber.,  1902, 

'^  liartshorne:    Assoc.      Med.      J.,  185. 
1854,  i.,  354.     This  is  probably  the 
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During,  and  particularly  toward  the  end  of,  an  inhalation  of  an 
hour's  duration  there  is  a  slight  and  transitory  diminution  in  the 
number  of  neutrophile  polynuclear  leucocytes  and  an  increase 
of  mononuclear  cells;  but  after  a  few  hours  there  is  marked 
increase  of  the  former  and  diminution  of  the  latter,  which  reach 
their  maxima  in  24  to  48  hours.'  When  added  to  solutions  of 
hemoglobin,  to  blood-serum,  or  to  blood,  chloroform  precipitates 
the  coloring  matter  completely,  -along  with  other  proteins  when 
these  are  present.^  Moore  and  Roaf  have  demonstrated,  from 
the  greater  solubility  of  chloroform  in  blood-serum  and  in  hjemo- 
globin  solutions  (four  per  cent,  at  13°)  than  in  water  or  normal 
saline  (0.95  per  cent.),  and  from  peculiarities  in  the  vapor  pres- 
sures, freezing  point  depression,  and  electrical  conduc- 
tivity of  such  serum  solutions,  that  chloroform  enters  into  com- 
bination with  hgemoglobin  and  with  some  constituent  of  the 
serum  and  tissues;  and,  in  connection  with  the  results  obtained^ 
with  lipoids  (see  below)  that  it  combines  with  the  serum  and 
tissue  proteins.  Further,  from  their  experiments  with  the  mam- 
malian heart  (see  below)  they  conclude  that  the  compounds 
(or  physical  aggregations)  so  formed  are  unstable  and  remain 
formed  only  so  long  as  the  pressure  of  the  anaesthetic  in  the  solu- 
tion is  maintained,  being  decomposed  as  that  pressure  is  lowered 
and  reformed  when  it  is  increased.^ 

Chloroform  passes  from  the  alveolar  air  into  the  blood  by  the 
purely  physical  process  of  diffusion,  and  the  proportion  in  the 
circulating  blood  at  any  time  depends  upon  two  conditions: 
the  rapidity  of  penetration  from  the  air  to  the  blood,  and  that 
of  the  passage  from  the  blood  to  the  tissues.  The  arterial  blood 
during  inhalation  always  contains  a  larger  proportion  than  the 
venoils  blood,  but  in  a  few  minutes  after  cessation  of  inhalation 
the  proportions  are  reversed.  ■  Elimination  proceeds  rapidly  at 
first,  subsequently  more  slowly,  and  is  complete  in  about  seven 
hours.*  In  the  blood  chloroform  is  held  principally  by  the  cor- 
puscles, and  in  them  in  a  form  of  loose  chemical  combination  or 
physico-chemical  aggregation. '     In  the  blood,  and  in  the  tissues 

'Loewy  and  Paris:  C.  r.  Soc.  de  ^  hoc.  cii.,   and  Proc.   Roy.   Soc, 

bioL,  1902,  liv.,  ISS.  Ser.  B.,  1906,  Ixxvii.,  86. 

■Formanek:  Ztschr.     f.     physiol.  *  Tissot:  Loc.  cit.  Niclonx:  Loc.  cit. 

Chem.,   1900,   xxix.,   419.     Salkow-  '  Pohl:  Loc.  cit.     Mooreand  Roaf: 

ski:  Ibid.,   1900,   xxxi.,   329.     Moor  Loc.  cit. 
and  Roaf;  Proc.   Roy.   Soc.   Lond., 
1904,  Ixxiii.,  382. 
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as  well,  chloroform  is  held  in  part  by  virtue  of  its  mutual  solubility 
with  the  lipoids  (fats,  lecithins,  cholesterin),  and  roughly  the 
amount  in  a  given  tissue  is  proportionate  to  its  lipoid  content.  The 
proportion  in  the  white  matter  of  the  brain  is  greater  than  that 
in  the  gray. '  For  the  same  reason  it  passes  into  the  milk,  in.  which 
it  soon  accumulates  in  much  greater  proportion  than  that  which 
exists  in  the  blood  at  the  same  time.^  The  physiological  action 
of  chloroform  is,  however,  not  exerted  by  that  portion  which  is 
held  by  the  lipoids  in  this  physical  fashion,  but  in  all  probability 
by  tliat  portion  which  enters  into  reaction  with  the  proteins.^ 
Chloroform  produces  a  slight,  transient  elevation  of  blood 
pressure,  followed  by  a  marked  and  progressive  diminution.* 
That  this  diminution  is  due,  in  part  at  least,  to  a  direct  paralyz- 
ing action  upon  the  heart  muscle  has  been  proven  by  numerous 
experiments,  not  only  upon  frogs'  hearts,^  but  also  upon  the 
.isolated  mammalian  heart.®  The  diminution  of  arterial  pres- 
sure is  also  due  in  part  to  dilatation  of  the  vessels,  caused  by 
action  either  upon  the  vaso-motor  center,  or  directly  upon  the 
vascular  musculature.'  Embley  claims  that  cardiac  arrest  is 
caused  not  only  by  the  paralyzing  action  upon  the  heart  muscle 
but  also  by  vagus  stimulation.*  At  the  beginning  of  inhalation 
the  respiratory  frequency  is  temporarily  increased  in  a  degree 
varying  with  tliat  of  the  excitability  of  the  individual.  Very 
soon,  however,  it  falls  below  the  normal,  increasing  again  later, 
but  remaining  subnormal.     When  the  inhalation  is  continued  to 

'Frison    et  Nicloux:,  C.   r.,   Soc.  1903,    ii.,    cxlvii.;  Ibid.,    1904,    ii., 

de    biol.,    1907,    Ixii.,    1153;    Ixiii.,  162.     Moore  and  Roaf:  Proc.  Roy. 

220.  Soc.  Lond.,  1904,  Ixxiii.,  382. 

^Nicloux:  C.     r.    Soc.     de    biol.,  '  Scheinesson:  Loc.     cit.        Pick: 

1906,  Ix.,  720.  Loc.  cit.,  who  claims  that  the  action 

'  Moore  and  Roaf:  Loc.  cit.  is  hmited  to  the  vessels  of  tjje  head 

*  Scheinesson:  Arch.     d.     Heillc.,  and   abdomen.     Embley  and   Mar- 
1869,     X.,      182.     PoUmanti:  Arch.    ■  tin:  J.     of    Physiol.,     1905,    xxxii., 

ital.   de   biol.,    1897-8,   xlviii.,    115.  147.       Sherrington     and     Sowton: 

Bock:  Arch.    f.    exp.    P.    and    P.,  Brit.    Med.   J.,    1905,   ii.,   181,   who 

1898,   xh.,    169.     Pick:  Ibid.,    1899,  state  that   0.1   to  0.2  per  cent,  of 

xlii.,  412.  chloroform  in  blood  causes  a  lasting 

°  Clemens:  Diss.,    Bonn,    18  5  0.  constriction  of  blood  vessels  of  the 

Diaballa:  Arch.   f.   exp.  P.   and  P.,  extremities,  but  that  with  0.25  to 

1894,  xxxiv.,   139.     Zoepffel:  Ibid.,  0.3    per    cent,    this   constriction   is 

1903,  xlix..  105.  rapidly  followed  by  dilatation.    Fil- 

°  Bock:  Loc.   cit.     Embley:   Brit.  ehne     and      Biberfeld:    Ztschr.     f. 

Med.  J.,  1902,  i.,  817,  SS5,  951,  975;  exp.  Path.,  etc.,  1906,  iii.,  171. 
J.     of    Phy.siol.,     1902,     xxviii,,     1.  « Loc.  c/<.  and   /fttd.,  885, 951,975, 

Tunnichff  and  Rosenheim:  J.  Phy-  and    J.    of   Physiol.,    1902,    xxviii., 

siol.   vSoc,    1903,    xxix.,    xv.     Sher-  i-iv. 
rington  and  Sowton:  Brit.  Med.  J., 
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cessation  of  respiration  there  occurs  a  sharp  and  large  increase 
in  frequency  immediately  before  arrest.^  When  respiratory 
syncope  occurs,  the  heart  continuing  to  act,  respiration  may 
usually,  although  by  no  means  always,  be  reestablished  by 
withdrawal  of  the  aneesthetic  and  artificial  respiration,  if 
promptly  resorted  to. 

Very  early  in  the  history  of  anaesthesia  Flourens^  found  that  in 
its  action  upon  the  nervous  system  chloroform  affects  first 
the  cerebrum,  then  the  cerebellum,  then  the  cord,  and  finally 
the  medulla.  There  has  been  much  discussion  of  the  question 
whether  chloroform  death  results  from  cardiac  or  respiratory 
paralysis.  The  British  Hyderabad  Commission'  after  many 
experiments  upon  various  species  of  animals,  affirmed  that, 
notwithstanding  the  toxic  action  of  chloroform  upon  the  heart, 
the  respiratory  center  is  paralyzed  before  cardiac  arrest  occurs, 
except,  as  is  the  case  in  alcoholics,  the  action  of  the  heart  be  al- 
ready impaired.  While  the  dictum  of  the  Hyderabad  Commis- 
sion is  true  to  the  extent  that  in  many  cases  the  respiration  is 
completely  arrested  before  the  circulation,  it  is  also  true  that  the 
failure  of  respiration  is  due  to  fall  of  blood  pressure,  and  that  with 
a  good  blood  pressure  failure  of  respiration  by  inhalation  of 
chloroform  is  practically  impossible.*  Tissot^  has  shown  that 
a  "  delayed  heart  effect "  results  in  cases  in  which  the  respiration 
ceases  before  the  circulation.  The  arterial  pressure  falls  at  first 
from  the  normal  to  about  64  mm.,  when  the  respiration 
fails,  the  arterial  pressure  remaining  constant  for  about  two 
minutes,  when  there  occurs  another  sudden  fall,  indicating 
cardiac  syncope,  followed  by  a  rapid,  transient  rise  to  64  mm. 
immediately  preceding  final  arrest  of  the  heart.  With  high  con- 
centration of  chloroform  vapor  in  the  inhaled  air  this  interruption 
in  the  descent  of  the  arterial  pressure  may  not  occur,  in  which 
event  death  would  result  primarily  from  cardiac  syncope." 

The  actions  upon  the  circulation  and  respiration  described 
above  are  those  produced  by  chloroform  which  is  pure  so  far 

'Rosenfeld:  Arch.  f.  exp.  P.  and  "In    this     connection     see     also: 

P.,  1896,  xxxvii.,  52.               .  Turnbull:     "Artificial  Anaesthesia," 

'C.  r.  Ac.  Sc,  1847,  xxiv.,  340.  4th    Ed.,    1896,    257.      Borntrager: 

'Lancet,  1890,  passim,:  Viertljsch.  f.  ger.   Med.,  1890,  n.  F., 

*Embley:  Brit.  Med.  J.,  1902,  i.,  lii.,  306.     Lawrie:  Lancet,  1889,  n., 

951.  601.     Mac     William:  Med.     Chron- 

'J.  de  Physiol,  et  de  Path,  gdn.,  icle,  1891,  viii.,  352. 
1906,  viii.,  420. 
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as  can  be  determined  by  chemical  tests,  and  they  constitute  the 
elements  of  danger  when  it  is  used  as  an  angesthetic.  But 
Feigl  and  Meier*  have  demonstrated  that  pure  Anschiitz  chloro- 
form,^ recently  prepared  and  containing  two  per  cent,  of  alcohol, 
which,  administered  in  doses  producing  narcosis,  has  almost 
no  action  on  the  blood  pressure,  causing  a  maximum  fall  of  only 
5  mm.,  has  almost  no  acute  effect  upon  the  heart,  and  alters  the 
respiration  only  slightly,  causing  some  diminution,  following  a 
transient  increase  in  frequency.  The  slight  depression  of  blood 
pressure  is  accounted  for  in  part,  but  not  wholly,  by  the  action 
of  the  alcohol.  The  same  pure  chloroform  after  three  days' 
exposure  to  light  and  air,  being  protected  from  dust,  exerts 
a  marked  action  upon  the  heart  and  upon  the  blood 
pressure. 

Chloroform  when  administered  to  animals  by  inhalation 
daily  for  several  days  causes  but  slight  hepatic  lesions,  consisting 
of  congestion  of  the  capillaries  with  considerable  dilatation. 
But  when  it  is  administered  by  the  stomach  in  solution  in  oil, 
or  by  subcutaneous  or  intraportal  injection  it  rapidly  causes 
intense  congestion,  and  necrosis  and  fatty  degeneration  of  the 
liver  cells,  most  marked  at  the  periphery  of  the  lobules.'  Similar 
lesions  occur  in  the  liver  and  other  organs  of  human  beings 
who  have  succumbed  to  the  "delayed  effects"  of  prolonged  in- 
halation of  chloroform,  when  death  occurs  in  from  10  hours  to 
20  days.  In  these  cases  the  clinical  history  and  mode  of  death 
varies  as  one  organ  or  another  is  principally  involved.  "When 
the  heart  is  most  affected  symptoms  of  collapse  predominate, 
and  thrombosis  and  embolism  result;  or  if  the  liver  is  most  af- 
fected icterus  and  eventually  manifestations  as  in  yellow  atrophy 
occur;  or  if  the  kidneys  are  most  seriously  attacked  there  is 


>  Biochem.  Ztschr.,  1906,  i.,  317.  1884,    2    s.,    xxi.,     104.     Ostertag: 

^  Berichte,     Berl.,     1892,     xxv.,  Virch.    Arch.,    1889,    cxviii.,    250. 

3512.     When     salioylid     is     boiled  Hensen:  Arch.   f.    exp.   P.   and  P., 

with  excess  of  chloroform,  a  crystal-  1899,  xhi.,  57.     Coyne  and  Cavali^: 

line    compound    is    produced,    con-  C.  r.  Soc.  de  biol.,   1904,  Ivi.,  650. 

taining   33.24  per  cent,   of   chloro-  Doyon,     Morel     and     Billet:  Ihid., 

form,  none  of  the  impurities  passing  1905,  Iviii.,  108.     Doyon  and  Billet: 

into    the    crystals,    which    may    be  Ihid.,   p.    852.     Tuffier,    Maute    et 

kept  indefinitely  in  closed  vessels.  .\ubertin:  Presse  m6d.,   1906,  xiv.. 

To    obtain    pure    chloroform    it    is  309.    Fiessinger:  C.  r.  Soc.  de  biol., 

only  necessary  to  heat  the  crystals.  1906,  Ix.,  870. 
'Bouchard:  G;iz.  hebd.  de  m6d., 
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suppression  of  urine,  with  vomiting  and  other  manifestations  of 
uraemia.^ 

Distribution  and  Elimination.— Pohl^  found  that  in  deep 
narcosis  the  brain  may  contain  a  larger  proportion  of  chloroform 
than  the  blood,  and  the  adipose  tissue  a  much  greater  quantity. 
Tissot'  with  a  four-per-cent.  chloroform-air  mixture,  administered 
to  an  animal  until  death  resulted,  in  501  minutes  found  that 
the  proportion  in  the  arterial  blood  gradually  increased  from 
.027  per  cent,  in  102  minutes  to  .0424  per  cent,  in  416  minutes, 
and  .0462  per  cent,  at  death.  This  latter  proportion  is  very  near 
to  saturation,  as  arterial  blood  in  vitro  takes  up  .048  per  cent,  in 
presence  of  a  four-per-cent.  air  mixture.  At  death  the  brain 
contained  .032  per  cent.,  the  bulb  .048  per  cent.,  the  liver  .0233 
per  cent.,  and  the  muscles  .0235  per  cent.  Nicloux''  found  higher 
results  when  death  was  caused  more  rapidly  by  more  concentrated 
chloroform-air  mixtures:  in  arterial  blood  .07  per  cent.,  in  the 
liver  .0505  per  cent.,  in  the  kidney  .0465  per  cent.,  in  the  spleen 
.038  per  cent.,  in  the  muscles  .0215  per  cent.,  in  the  heart  .0410 
per  cent.,  in  the  brain  .0555  per  cent.,  in  the  bulb  .085  per  cent., 
in  the  spinal  cord  .083  per  cent.,  and  in  the  vascular  fat  about 
the  kidneys  .132  per  cent.  Sicard^  showed  that  chloroform  after 
4  to  5  minutes'  inhalation  is  contained  in  the  cerebro-spinal 
fluid  to  the  proportion  of  10  mgm.  in  100  c.c. 

The  elimination  of  chloroform  is  at  first  rapid,  and  subse- 
quently slower.  Five  minutes  after  cessation  of  inhalation  the 
quantity  in  the  blood  is  reduced  to  one-half,  about  30  mgm. 
in  100  c.c,  in  three  hours  to  7  mgm.,  and  in  7  hours  it  has  nearly 

'Casper:    "Handb.    For.    Med.,"  Assoc,  1905,  xlv.,  691,  754.     Guth- 

Syd.Transl.ii.,293.  Nothnagel:  Berl.  He:  Lancet,  1894,  i.,  193,  257;  1903, 

kl.Wchnschr.,  1866,iii.,31.  Sabarth:  ii.,  10;  1905,  ii.,  583;  1906,  ii.,  1542. 

Schmidt's  Jahrb.,  1870,  cxlv.,  338.  Carmichael    and     Beattie:   Lancet, 

Junkers:  Diss.  Bonn.,  1883.    Ungar:  1905,   ii.,   437.     Offergeld:  Arch.   f. 

Vrtljschr.  f.  ger.  Med.,  1887,  n.  F.,  kl.  Chir.,  1905.,  Ixxv.,  758.     Wells. 

xlvii.,98.  Strassmann:  Virch.  Arch.,  J.   Am.    M.   Ass.,    1906,   xlvi.,   341: 

1889,  cxv.,   1.  Thiem  and  Fischer:  Howland    and    Richards:  J.    exper. 

Deut.med.Ztg.,  1889,  1111.    Fraen-  M.,    1909,  xi.,  344.     See  also  note, 

kel:  Virch.  Arch.,  1892,  cxxvii.,  381;  1,  p.  1164. 

IhU.,    1893,    cxxix.,    254.     Heintz:  ^  Arch.  f.  exp.  P.  and  P.,   1891, 

Diss.    Rotterdam,    1896.     Schenck:  xxviii.,  239. 

Zeitschr.  f.    Heilk.,   1898,  xix.,   93.  ^  J.  de  physiol.  et  de  path,  g^n., 

Rosenfeld:  Ergebn.  d.Pliysiol.,  1902,  1906,  viii.,  423. 

li-,  70.    Magnus-Levy:  Hofmeister's  *  C.  r.  Soc.  de  bioL,  1906,  Ix.,  248. 

Beitr.,  1902,  ii.,  261.    Taylor:  Univ.  See   also:  Lesser:  Vrtljschr.   f.   ger. 

Cal.  Publ.  (Pathol.),    1904,    i.,    43.  Med.,  1898,  3  F.,  xvi.,  60. 

Bevan   and    Favil:    J.    Am.    Med.  '  Ihid.,  1906,  Ix.,  243. 
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or  completely  disappeared.'  A  part  of  this  diminution  is  un- 
doubtedly due  to  passage  into  the  tissues,  which  is  constant 
during  inhalation,^  rather  than  to  true  elimination.  Magnus' 
has  shown  that  when  deep  narcosis  is  maintained  in  animals 
for  over  an  hour,  and  the  blood  pressure  is  not  too  much  reduced, 
marked  oedema  is  produced,  particularly  in  the  back. 

The  principal  channel  of  elimination  is  probably  the  expired 
air.  The  quantity  passing  into  the  urine  is  extremely  small, 
not  over  6  to  8  mgm.  in  100  c.c.^  Langenbeck^  observed  that 
vomiting  occurred  after  injection  of  chloroform  into  a  hydrocele 
sack,  the  cause  of  which  was  attributed  by  Lewin°  to  the  passage 
of  chloroform  into  the  stomach.  Bongers'  detected  chloroform 
by  the  isobenzonitril  reaction  in  the  stomach  contents  2  hours 
after  hypodermic  injection  in  dogs.  A  portion  is  therefore  elimi- 
nated by  the  stomach,  as  are  morphin  and  arsenic. 

Symptoms. — Vapor. — The  majority  of  surgeons  divide  the 
clinical  histor)'  of  the  effects  of  inhaled  chloroform  vapor  into 
three  or  four  stages  (Nussbaum,  Sansom,  etc.) .  Kappeler  admits 
of  but  two  stages,  and  Turnbull  extends  the  subdivision  to  five 
periods.  In  the  first,  or  initial  stage,  the  patient  retains  con- 
sciousness and  will-power.  The  vapor  produces  a  sense  of  ir- 
ritation in  the  nose  and  fauces,  which  tends  to  produce  cough- 
ing, and  a  burning  sensation  in  the  eyes.  A  feeling  of  warmth, 
beginning  in  the  face,  which  is  flushed,  and  extending  over  the 
body,  and  a  creeping  sensation  in  the  skin  are  experienced.  The 
senses  of  taste  and  smell  and  the  tactile  sense  are  dulled,  but 
the  sense  of  hearing  is  activated  to  such  a  degree  that  the  shght- 
est  sounds  are  magnified  to  loud  buzzing  in  the  ears.  The  mental 
powers  are  somewhat  impaired,  and  the  subject  has  hallucina- 
tions. The  second  stage,  that  of  excitation,  may  be  entirely 
absent.  It  is  characterized  by  tremblings,  or  even  spasms, 
violent  struggling,  laughing,  singing,  inarticulate  jabbering,  cry- 
ing, praying,  or  indulgence  in  abuse  and  profanity.  But  persons 
who  are  naturally  calm  and  self-possessed  generally  pass  into  the 

^  Nicloux:  Loc.  cit.  =  Deut.  Klin.,   1854,  vi.,  546. 

=  See  p.  1155.  ""Nebenwirk.     d.      Arzneimit.," 

'Arch.   f.   exp.   P.   and  P.,    1899,  2te.  Aufl.,  60. 
xlii.,  26S.  '  Arch.  f.  exp.  P.  and  P.,   1895, 

'Pohl:    Loc.    cit.      Xicloiix:    Loc.  xxxv.,  425.     See  also:  Thorp:  Lan- 

ci't..  p.  720.     Wegener:  ,lbt.  d.Thier-  cet,  1908,  i.,  623. 
oh.,      1900,     XXX.,     360.     Ledoux: 
These,  Paris,  1904. 
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next  stage  without  a  word  or  a  movement.  The  feeling  of  pain 
is  not  yet  affected,  indeed  it  may  be  more  acute  than  normal,  and 
the  sense  of  hearing  persists.  These  two  stages,  taken  together, 
constitute  the  first  stage  of  those  authors  who  admit  of  three 
only,  and  their  duration  rarely  exceeds  four  minutes,  and  may 
be  terminated  in  a  minute  or  less.  At  the  beginning  of  the  in- 
halation the  pupils  are  dilated,  and  their  reactivity  to  light 
becomes  retarded.  This  dilatation  is  due  to  irritation  of  the 
sensitive  naso-pharyngeal  nerves,  transmitted  through  the 
sympathetic,  and  later,  when  sensation  becomes  obliterated  as 
anesthesia  is  established,  the  oculo-motor  nerves  act  without 
opposition,  and  the  pupils  contract,  as  they  do  in  natural  sleep. 
Up  to  the  end  of  this  stage,  and  possibly  in  the  beginning  of  the 
next,  the  patient  hears  and  is  conscious  of  what  transpires  about 
him,  and  is  not,  or  only  imperfectly  anaesthetized,  although  he 
becomes  incapable  of  voluntary  movement  toward  the  end.' 
According  to  Snow,  dreams  only  occur  in  the  latter  part  of  this 
stage.  The  muscles,  except  those  of  respiration,  become  more 
or  less  rigid,,  especially  the  masseters,  and  the  jaws  can  only  be 
pried  apart  with  difficulty.  The  second  (or  third)  stage  is  that 
of  depression,  during  which  sensibility  is  lost,  and  the  patient 
becomes  unconscious.  The  muscles  gradually  relax,  first  those 
of  the  trunk,  then  those  of  the  extremities,  and  at  last  the  mas- 
seters, until  finally  the  entire  voluntary  muscular  system  ex- 
cept the  muscles  of  respiration  is  in  complete  relaxation.  Anass- 
thesia  is  established  before  muscular  relaxation  is  complete. 
The  pupils  remain  contracted.  The  reflexes  are  abolished,  the 
conjunctival  reflex  persisting  the  longest.  The  respiration, 
which  may  have  been  somewhat  acelerated  at  the  beginning  of 
the  inhalation,  becomes  somewhat  slower  and  more  shallow  than 
in  natural  sleep.  Or  the  respiration  may  be  snoring  in  character 
from  accumulation  of  mucus  in  the  fauces.  The  pulse,  which  is 
accelerated  in  the  earlier  stage,  becomes  slower  than  normal, 
full,  but  weak.  Vomiting  may  occur  at  any  stage,  may  be  per- 
sistent, and  may  cause  death  by  mechanical  suffocation.  The 
skin  is  cool  and  moist,  and  the  body  temperature  subnormal. 
This  is  the  stage  of  complete  surgical  anaesthesia,  and  it  may  be 
maintained  for  hours.  If  the  inhalation  be  discontinued  this 
condition  may  continue  for  from  twenty  to  forty  minutes.  If 
'Foster:  Phila.  M.  and  S.  Reptr.,       1878,  xxxviii.,  117. 
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the  inhalation  be  pushed  beyond  this  point  the  tension  of  chloro- 
form vapor  in  the  blood  becomes  sufficient  to  paralyze  the  heart 
and  respiratory  center,  and  the  patient  passes  into  the  third 
(or  fourth)  stage,  that  of  paralysis.  The  respiration  becomes 
slower  and  more  stertorous,  the  surface  becomes  cyanosed  and 
bathed  in  cold  perspiration,  and  the  lips  become  blue.  The  pulse 
becomes  progressively  slower,  weaker,  and  irregular.  Sometimes 
the  respiration  ceases  altogether,  the  heart's  action  continuing, 
in  which  event  the  respiration  may  usually  be  reestablished  by 
artificial  respiration  and  the  faradic  current.  In  this  stage  the 
pupils  are  widely  dilated. 

The  urine  contains  albumin  in  about  one  fifth  of  the  cases  of 
chloroform  narcosis,  and  often  hyaline  or  granular  casts.  The 
elimination  of  chlorin  is  increased,  but  chloroform  is  absent  or 
only  present  in  traces.  Very  rarely  the  urine  reduces  Fehling's 
solution  imperfectly,  but  there  is  no  glycosuria.  Urobilin 
has  been  found  in  the  urine  of  children  in  quantity  proportionate 
to  the  duration  of  the  anaesthesia.  Tyrosin  has  been  detected 
in  the  urine  after  deep  narcosis.  Acetonuria  occurs  in  "  delayed  " 
chloroform  poisoning.' 

Death  may  occur  at  any  stage.  In  192  reports  of  fatalities 
in  which  the  time  of  death  is  stated  it  occurred  in  14  cases 
(7.29  per  cent.)  at  the  commencement  of  the  inhalation;  in  30 
(15.63  per  cent.)  during  the  stage  of  excitement;  in  49  (25.52 
per  cent.)  during  incomplete  anaesthesia;  in  68  (35.41  per  cent. 
while  fully  under  the  influence;  and  in  31  (16.15  per  cent.)  after 
the  operation. 

Many  of  the  reported  deaths  were  due  to  inhalation  of  air 
highly  charged  with  chloroform  vapor.  Among  these  are  to  be 
included  the  homicidal  and  suicidal  cases,  a  large  proportion 
of  the  earlier  fatalities  in  the  use  of  chloroform  as  an  antesthetic, 
and  a  much  smaller,  although  still  appreciable  percentage  of 
those  which  occur  at  present.  In  these  cases  death  usually 
comes  rapidly.  In  view  of  the  direct  action  of  chloroform  upon 
the  isolated  heart  we  must  agree  with  the  statement  of  Dieballa^ 

'  Zeller:  Ztschr.  f.  physiol.  Chem.,  physiol.    Chem.,     1905,    xlv.,    472. 

1883,     viii.,     70.     Ledoux:     These,  Guthrie:     Lancet,     190o.     ii.,     583. 

Paris,  1904.     DaHnier:  These,  Paris,  Baldwin:  J.  of  Biol.  Chem.,  1906,  i., 

1904.     Nicloux:  C.  r.  Soc.  de  bid.,  239.     Telford:  Lancet,  1908,  i.,  623. 

1906,   Ix.,   720.     Gianasso:   Gaz.   d.  ^  Arch.    exp.    P.    and    P.,    1894, 

hop.,     1906,     Ixxix.,     704.     Abder-  xxxiv.,  141. 
halden    and    Schittenhelm:    Zts.    f. 
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that  when  air  saturated  with  chloroform  vapor  is  inhaled  "there 
remains  no  doubt  that  the  large  quantities  of  chloroform  carried 
directly  to  the  heart  by  the  pulmonary  vessels  may  cause  sudden 
cardiac  paralysis,  and  that  at  a  time  when  the  blood  circulating 
in  other  parts  of  the  body  as  yet  contains  no  chloroform." 

In  some  of. the  reported  "deaths  under  chloroform"  the  fatal 
result  was  not  directly  chargeable  to  the  anssthetic'  In  one 
case  at  least  death  seems  to  have  been  caused  by  syncope  pro- 
duced by  fear/  in  two  others  by  shock,^  and  in  others  by  em- 
bolism.^ Undoubtedly  in  many  cases  the  presence  of  impurities 
in  the  chloroform  has  been  a  factor  in  the  causation  of  death. 
Accidents  are  more  liable  to  occur  when  the  patient  is  in  a  sitting 
posture  than  when  he  is  recumbent,  and  with  women  a  tightly 
laced  corset  increases  the  danger.  Alcoholism  predisposes  to 
the  deleterious  action  of  chloroform.  In  20  of  Lyman's  393 
cases  the  fact  that  the  patient  was  intemperate  is  noted.  Alco- 
holics require  more  chloroform  than  usual  for  the  production  of 
anaesthesia,  become  more  violently  excited  than  normal  persons 
and,  when  narcotized,  frequently  die  in  collapse.  It  is  now  gen- 
erally admitted  that  inhalation  of  chloroform  by  persons  affected 
with  valvular  lesions  of  the  heart,  fatty  heart,  atheromatous 
arteries,  diabetes,  or  chronic  diseases  of  the  kidneys  is  attended 
with  danger  of  sudden  death. 

Death  usually  results  from  cardiac  paralysis,  from  stimula- 
tion of  the  cardio-inhibitory  center,  or  from  paralysis  of  the  re- 
spiratory center.  Death  in  coma  occurs  very  exceptionally.* 
In  a  few  cases  death  has  resulted  indirectly  by  asphyxia  in  con- 
sequence of  the  passage  of  vomited  matters  into  the  respiratory 
passages,*  by  false  teeth  falling  into  the  pharynx,"  or  by  the 
passage  of  blood  into  the  trachea.' 

In  some  cases  death  has  followed  in  from  ten  hours  to  twenty 
days  after  operations  performed  under  chloroform,  either  from 
embolism  or  after  the  manifestation  of  symptoms  similar  to 
those  of  yellow  atrophy  of  the  liver,  or  with  a  clinical  history  of 
uraemic  intoxication,  which  have  been  caused  by  fatty  degenera- 

'  Gaz.  d.  hop.,  1861,  xxxiv.,  8.  *  Erichsen:  Brit.  Med.  J.,  1872,  i., 

'Lister:"HolmesSyst.  of  Surg.,"  603.  .  ,^    , 

v.,    485.     Med.    Times    and    Gaz.,  ^  gj-it.  Med.  J.,  1871,  u.,  388.  Med. 

1865,  i.,  289  News  and  Libr.,  1877,  xxxv.,  14. 
'  Brouardel:    Ann.  d'hyg.,    1895,  "  Brit.  Med.  J.,  1872,  i.,  419. 

3  S.,  xxxiv.,  214.  '  Ihid.,  1877,  i.,  210. 
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tion  of  the  heart,  Uver  or  kidneys,  possibly  preexistent  in  some 
cases  and  fatally  aggravated  by  the  anaesthetic.  In  many  of 
these  cases  the  quantity  of  chloroform  administered  has  been 
large  and  the  duration  of  the  inhalation  long.  A  notable  pro- 
portion of  the  fatalities  have  been  in  children  less  than  12  years  of 
age.  The  occurrence  of  this  type  of  poisoning  is  probably  even 
more  frequent  than  the  reported  cases  indicate,  as  the  earlier 
cases  were  attributed  to  causes  other  than  the  anaesthetic,  and 
undoubtedly  some  unreported  cases  recover.^  A  few  similar 
cases  following  ether  anaesthesia  have  been  reported.^ 

Liquid. — When  free  to  evaporate,  liquid  chloroform  in  con- 
tact with  the  skin  produces  only  a  transient  sensation  of  cold, 
as  does  any  volatile  liquid.  But,  when  evaporation  is. prevented, 
it  produces,  in  a  minute  or  two,  a  sensation  of  warmth,  which 
increases  in  intensity  to  a  burning  sensation,  and  with  sufficient 
time  the  skin  becomes  reddened,  or  the  irritation  may  proceed 
even  to  the  formation  of  vesicles  and  to  erosion. 

The  first  effects  of  chloroform  when  it  is  swallowed  are  those 
referable  to  its  local  irritating  action.     The  sensations  experi- 


1  Macdougall:  Lancet,  1848,  ii., 
99.  Pamard:  Ibid.,  1852,  ii.,  l.jo. 
Casper:  "Handb.  d.  ger.  Med.,"  9te 
Aufl.,  921,  also  in  1st  ed.,  1857. 
Thiem  u.  Fischer:  Deut.  med.  Ztg., 
1889,  1112.  Frsnliel:  Virch.  Arch., 
1892,  cxxvii.,  381,  2  cases.  Bas- 
tianelH:  Rev.  d.  sc.  med.,  •  1892, 
xxxix.,  655,  3  cases.  Guthrie: 
Lancet,  1894,  i.,  257,  10  cases; 
Ibid.,  1903,  ii.,  10,  4  cases;  Ibid., 
1905,  ii.,  583;  Ibid.,  1906,  ii.,  1542. 
Ambrosius:  Virch.  Arch.,  1S95, 
cxxxviii.,  Supl.,  193.  Stoclcer:  Cbl. 
f.  Gyn.,  1895,  xix.,  1181.  Bandler: 
Mitth.  a.  d.  Grenzgeb.  d.  M.  u. 
Chir.,  1S95-6,  i.,  304,  Anschutz 
chloroform.  Marthen:  Berl.  kl. 
Wchnschr.,  1S9G,  xxxiii.,  204. 
Biso:  Gazz.  d.  osp.,  1S98,  xix.,  1145. 
Hchenck:  Ztschr.  f.  Hlk.,  1S98,  xix., 
98.  Eiselberg:  Arch.  f.  Id.  Chir., 
1899,  lix.,  S37,  Billroth's  mixture. 
Mintz:  Mitth.  a.  d.  Grenzneb.  d.  M. 
u.  Olur.,  1900,  vi.,  045,  kind  of  an- 
aesthetic not  stated.  Cohn:  Deut. 
Ztschr.  f.  Chir.,  1902,  Ixiv.,  190. 
Brewer:  .'Vnn.  Surg.,  1902,  xxxvi., 
481.  Wechsberg:  Ztschr.  f.  Hlk., 
1902,  Chir.,  xxiii.,  270.  BalHn: 
Ann.  Surg.,   1903,  xxxvii.,  363,  re- 


covered. Stiles  and  McDonald:  ' 
Scottish  M.  and  S.  J.,  1904,  xv.,  97, 
2  cases.  Vorderbriigge:  Deut.  Zt- 
schr. f.  Chir.,  1904,  Ixxiy.,  1. 
Richardson:  Brit.  J.  Child.  Dis., 
1905,  ii.,  216.  Carmichael  and 
Beattie:  Lancet,  1905,  ii.,  437. 
Bevan  and  Favill:  J.  Am.  M.  Ass., 

1905,  xlv.,  691.  Madison:  Wis- 
consin M.  J.,  1905-6,  iv.,  565,  3 
cases.      Wells:     J.     Am.     M.    Ass., 

1906,  xlvi.,  341.  Cushing:  Ibid., 
1906,  xlvii.,  1191.  Telford  and 
Falconer:  Lancet,  1906,  ii.,  1341, 
also  Telford:  Ibid.,  1908,  i.,  623,  3 
cases.  Renton:  Brit.  M.  J.,  1907,  i., 
617,  2  cases.  Ramsev:  Ibid.,  p.  1237. 
Thorp:  Lancet.  1908^  i.,  623.  Bride: 
Ibid.,  p.  625.  Wilson:  Ibid.,  p.  626. 
Hunter:  Ibid.,  p.  993.  Holmes: 
Med.  Progress,  1908,  xxiv.,  357. 
Barrett:  Brit.  J.  Child.  Dis.,  1909, 
yi.,  4S4.  Carey:  Brit.  M.  J.,  1909, 
ii.,  745.  Ambrose:  Austral.  M. 
Gaz.,  1909,  xxviii.,  545.  Somer- 
ville:  Lancet,  1909,  ii.,  81,  3  cases. 
Payne:  Ibid.,  p.  187,  3  recoveries. 
Weir:  Ibid.,  p.  710,  recovery. 

-  Brackett,  Stone  and  Low:  Bos- 
ton M.  and  S.  J.,  1904,  cli.,  2. 
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enced  are  reported  by  Burkart '  from  the  description  given  him 
after  recovery  by  a  woman  who  attempted  suicide  by  swallowing 
50  gm.,  as  consisting  of  violent  burning  pain  in  the  mouth, 
throat  and  stomach  felt  during  the  act  of  swallowing,  which 
after  a  short  time  gives  place  to  a  sense  of  warmth  over  the 
entire  body,  and  a  feeling  of  comfort  and  strength.  The  pain 
returns  with  its  former  violence  on  attempting  to  swallow  a 
further  dose  at  this  time.  Suddenly  everything  turns  black  and 
the  subject  becomes  unconscious.  The  local  action  upon  the  lips 
and  buccal  mucous  membrane  may  be  sufficiently  intense  to 
cause  swelling,  blistering  or  erosion.^  On  the  other  hand,  Arm- 
strong^ reports  a  case  in  which  there  was  never  any  pain  in  the 
mouth  or  fauces,  although  the  poison  had  been  swallowed  undi- 
luted. The  pain  is  soon  accompanied  by  vomiting  of  matters 
smelling  strongly  of  chloroform.  The  vomiting  recurs  again  in 
the  later  stages  of  the  poisoning,  and  the  vomit  then  frequently 
contains  blood.*  Niemann''  reports  a  case  in  which  vomiting 
persisted  for  three  days.  In  some  cases  the  odor  may  be  detected 
in  the  stomach  contents  24  hours  after  the  poison  has  been  swal- 
lowed, even  though  the  patient  has  vomited  or  the  stomach  has 
been  washed  out  in  the  interval."  In  other  cases  no  odor  of  chloro- 
form is  to  be  detected  in  the  stomach  contents,  although  it  is 
well  marked  in  the  breath.^  Sometimes  during  this  early  stage 
the  patient  staggers  as  if  drunk,*  or  becomes  violently  excited, 
as  occurs  in  some  instances  when  chloroform  is  inhaled.^ 

Generally  the  pain  soon  subsides,  and  the  narcotic  effect  is 
manifested  within  10  minutes.  But  the  duration  of  this  interval 
varies  considerably  in  different  cases.  In  Marfan's  case  the  man, 
a  suicide,  experienced  immeditate  epigastric  pain,  and  an  instant 
later  was  in  deep  sleep,  only  awakening  in  about  eleven  hours.'" 

'  Vrtljschr.  f.  ger.  Med.,  etc.,  1876,  "Thomeyer:    Wien.   med.    Wchn- 

n.  F.,  xxiv.,  97.  schr.,  1882,  xxxii.,  1161. 

'Kiley:    N.    Y.    Med.    J.,    1886,  'West:    Lancet,     1886,     ii.,     13. 

xliv.,    154.     Alderson:    Med.    Press  Dun:  Glasgow  Med.  J.,  1808,  xlix., 

and  Circ,  1891,  n.  s.,  li.,  373.  347. 

'Brit.  Med.  J.,  1897,  ii.,  135.  ^Fitzan:  Deut.  Klin.,   1869,  xxi., 

*Mygge:   Brit.  Med.  J.,   1881,  i.,  196.     Busey:  Am.  J.  M.  So.,  1872, 

604   (ex    Nord.    med.    Arch.,    1881,  n.    s.,    Ixiv.,    430.     Hamilton    and 

xiii.,     No.     3).     Kiley:     Loc.     cit.  Bateman;    Med.    Press    and    Circ, 

Marfan:   Mercredi   med.,    1892,   iii.,  1891,  n.  s.,  Ii.,  373. 

593.  »  Aran:    Union    med.,    1852,    vi., 

'Berl.      kl.      Wchnschr.,      1887,  237. 

xxiv.,  U.  '"  Loc.  cit. 
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In  a  case  reported  by  Dean'  an  epileptic  was  quite  insensible  in 
five  minutes.  A  man  of  56  years  cried  out  on  swallowing  a  table- 
spoonful,  then  fell  and  lost  consciousness,  and  was  thoroughly 
narcotized  when  seen  by  Hoffman  in  fifteen  minutes.^  On  the 
other  hand,  cases  are  reported  in  which  the  narcotic  effect  was 
much  delayed.  A  woman,  after  swallowing  about  44  gm.  (1  fl.  oz.) 
walked  about  the  streets  for  over  an  hour,  was  found  by  an 
officer,  and  only  became  unconscious  on  reaching  the  station.^ 
A  man  was  capable  of  walking  and  exerting  himself  for  at  least 
an  hour  after  having  swallowed  177  gm.  (4  fl.  oz.).*  AVith  rela- 
tively small  doses  there  may  be  no  narcotic  effect.^ 

In  some  cases  the  first  symptoms  of  irritation  are  succeeded 
by  rigidity  or  convulsive  movements  of  the  muscles,  accompanied 
by  trismus,  wide  dilatation  of  the  pupils,  and  usually  severe  pain." 
The  patient  soon  becomes  drowsy,  stupid,  insensible  and  uncon- 
scious; the  respiration  is  slow,  irregular  and  stertorous;  the  pulse, 
at  first  full  and  strong,  becomes  frequent  and  feeble;  and  the 
surface  is  cyanosed,  cold,  and  covered  with  profuse  perspiration. 
Or  the  patient  may  fall  asleep  only  for  a  few  moments  at  a  time, 
being  awakened  by  the  pain,  and  remain  in  this  condition  to  the 
end.'  The  eyes  are  fixed  and  directed  upward;  and  the  pupils, 
at  first  dilated,  become  contracted.  In  some  cases  the  pupils 
have  alternated  between  dilatation  and  contraction.*  On 
partial  awakening  the  patient  frequently  vomits,  when  death 
from  mechanical  asphyxia  is  threatened.'  The  body  temperature 
is  usually  subnormal,  although  exceptionally  it  may  be  high,  or 
the  hands  and  feet,  cold  at  first,  may  become  quite  hot.'"  In 
cases  of  short  duration  death  occurs  in  coma,  rarely  by  asphyxia." 
If  death  do  not  occur  during  the  period  of  narcosis,  the  duration 
of  the  coma  varies  within  wide  limits — from  its  total  absence,  as 


'Med.  Times  and  Gaz.,  1S57,  n.  and  S.  J.,  1856,  vii.,369.    Friedman: 

s.,  XV.,  615.  St  Louis  Cour.  Med.,  1S83,  x.,  228. 

2  Maryland    Med.   J.,    1SS8,    xix.,  McArdle:    Arch.    Pediat.,    1884,    i., 

132.  108. 

^Smith:  Phila.  Med.  Xews,  1891,  '  Bridgeman:  Lancet,  1897,  ii.,  384. 

lix.,  688.  s  Holmes:   Assoc.   Med.   J.,   1856, 

*  Jackson    (Taylor):    Med.    Gaz.,  ii.,    733.     Hartshorne:    Ibid.,    1854, 

1851,  xlvii.,  675.  i,,  354.     Frick:  Loc.  cit. 

"  Greiner:  Wien.  med.  Ztg.,  1871,  "  Hartshorne:  Loc.  cit. 

xvi.,     131.     Hamilton     and     Bat-e-  '»  Hamilton   and    Bateman:   Loc. 

man:  Loc.  cit.  cit. 

"Hamilton    and    Bateman:    Loc.  "Williams:     Med.  Exam.  Phila., 

cit.     Dean:  Loc.  cit.     Frick:  Ya.  M.  1856,  xii.,  659. 
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in  Greiner's  case,  to  periods  of  10/  12,2  i^s  j^j^^  g^g^  3Q4  hours. 
On  awakening  from  the  coma  the  patient  usually  manifests  the 
symptoms  of  intense  gastritis,  and  frequently  of  enteritis.  The 
pain  is  intense;  vomiting  recurs,  the  vomit  frequently  containing 
blood  and  bile,  and  being  accompanied  by  diarrhoea,  also  bloody. 
In  some  non-fatal  cases  an  action  upon  the  liver,  indicated  by 
jaundice  and  pain  in  the  hepatic  region,  and  reminding  one  of 
a  similar  action  in  delayed  poisoning  by  inhalation,  has  been 
noted.'  But  .recovery  may  occur  without  any  late  gastric  dis- 
turbance." On  the  other  hand  the  gastritis  may  be  intense  and 
fatal,  or  in  non-fatal  cases  continue  for  five'  or  six^  days.  The 
prognosis  is  not  favorable;  of  90  cases  28  (31.1  per  cent.)  died. 

Duration. — Vapor. — The  duration  of  fatal  cases  of  chloro- 
form inhalation  is  usually  less  than  10  minutes.  Lyman'  gives 
a  table  of  52  such  fatalites  in  which  death  occurred  in  4  in  less 
than  1  minute,'"  in  18  in  from  1  to  -5  minutes,  in  22  in  from  5  to 
10  minutes,  in  7  in  from  10  to  20  minutes,  and  in  1  in  2.5  minutes. 
Post-operative,  or  delayed  death  from  chloroform  inhalation 
occurs  in  from  10  hours  to  20  days. 

Liquid. — The  duration  of  fatal  poisonings  caused  by  swal- 
lowing chloroform  varies  within  wide  limits,  according  as  death 
is  caused  by  the  primary  action  or  by  the  subsequent  gastritis.  Of 
24  such  cases  in  which  the  time  of  death  is  reported  7  died  in  6 
hours  or  less,  5  in  from  6  to  24  hours,  6  from  24  to  36  hours,  3  in 
from  36  to  48  hours,  and  3  in  periods  longer  than  48  hours.  In 
the  most  rapidly  fatal  case  death  occurred  in  10  minutes."  In 
two  cases  life  was  prolonged  to  the  eighth  day.'^  In  non-fatal 
cases  recovery  may  take  place  promptly,  or  the  gastritis  may 
continue  for  several  days. 

■  Brasch:  Deut.  med.  Ztg.,  1890,  '  Hirsch:  Ztschr.  f.  kl.  Med.,  1894, 

xi.,  318.  xxiv.,  190.     Kiley:  Loc.  cit.^ 

^  Waterston  and  Robinson:  Brit.  'Spence:  Lancet,  1856,  ii.,  159. 

Med.  J.,  1898,  i.,  144.     Bain:  Lan-  "  "Art.  Anaesthesia,"  etc.,  p.  195. 

cet,  1859,  i.,  400.  i»  Snow: ''Chloroform,"  etc.,  p. 152; 

'Fitzan:  Loc.  cit.  Med.  Times  and  Gaz.,   1852,  n.  s., 

*Kobert:    "Intoxikationen,"   2te.  iv.,  348;  Ibid.,  1852,  n.  s.,  v.,  531; 

Aufl.,  ii.,  902.  /&i'd.,  1859,  n.s.,xix.,  503.     Gibbons: 

'  Macker:  Union  m^d.,  1864,  n,  s.,  Pac.  M.  and  S.  J.,  1869,  n.  s.,  iii.,  6. 

xxiv.,  191.     Marfan:  Loc.  cii.     Bar-  "  Hamberg:      Schmidt's     Jahrb., 

clay  and    Macrae:    Brit.    Med.    J.,  1882,  cxciv.,  250  (ex  Hygiea:  1882, 

1879,  ii.,  94.     Smith:  Am.  J.  M.  Sc,  xliv.,  52. 

1857,  xxxiv.,  367.  "  Bain:     Lancet,     1859,     i.,  400; 

"Busey:  Am.  J.  M.  Sc,  1872,  n.  Pomeroy:  Med.  Rec,  1867,  ii.,  54. 
S-,    Ixiv,,     430.     Bottcher:     Deut. 
■Klin.,  1871,  xxiii.,  415. 
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Treatment. — If  liquid  chloroform  have  been  swallowed  the 
stomach  should  be  washed  out  without  delay.  The  action  of  the 
absorbed  poison  may  be  combated  before  cessation  of  respira- 
tion by  hypodermics  of  strychnin,  whiskey  or  ammonia,  intraven- 
ous injections  of  ammonia,  enemas  of  strong  coffee  or  whiskey,  by 
external  warmth,  or  mustard  sinapisms,  and  by  keeping  the 
patient  awake.  When  respiration  or  the  heart's  action  stops 
during  the  inhalation  of  chloroform  or  threatens  cessation  when 
the  liquid  has  been  swallowed  artificial  respiration  i»to  be  resorted 
to  immediately,  with  inhalation  of  pure  oxygen,  heart  compres- 
sion (Maas'  method),  and  tongue  traction  (Laborde's  method). 
Inversion  of  the  patient,  i.e.,  depression  of  the  head  (Nelaton's 
method)  has  been  recommended  when  the  existence  of  cerebral 
hyperemia  is  not  indicated  by  lividity  of  the  face;  but  it  has  been 
condemned  as  positively  detrimental  in  cardiac  syncope,  and  as 
worse  than  useless  in  any  case.^  The  faradic  current  is  to  be 
applied  in  the  manner  directed  on  p.  94. 

Beddard^  advises  glucose  feeding  in  the  delayed  form  of 
poisoning. 

Post-mortem  Appearances. — .\fter  death  caused  by  inhala- 
tion of  chloroform  vapor  largely  diluted  with  air  the  odor  of  the 
ansesthetic,  which  is  sometimes  observed  in  the  organs,  is  about 
the  only  manifestation  which  can  be  said  to  be  characteristic. 
But  this  is  by  no  means  always  present.  The  heart  is  usually 
in  diastole,  and,  if  death  have  not  occurred  with  great  rapidity, 
the  blood  is  dark  and  fluid.  The  presence  of  gas-bubbles  in  the 
blood,  which  has  been  observed  in  some  cases,  is  without  sign- 
nificance.  There  is  usually  congestion  of  the  cerebral  and  pul- 
monary vessels,  more  or  less  pronounced,  and  sometimes  also 
congestion  of  the  liver  and  spleen.  The  pulmonary  congestion 
is  intense  and  extends  throughout  the  lungs,  and  may  be  accom- 
panied by  cedema,  when  concentrated  chloroform  vapor,  or 
other  irritating  gas  or  vapor,  has  been  inhaled,  the  effect  being 
due  to  local  irritation  rather  than  to  the  truly  toxic  action  of 
the  chloroform.  The  presence  or  absence  of  the  evidences  of 
local  action  upon  the  face  and  lips  is  of  importance  in  cases  of 
alleged  forcible  administration.  Such  marks  appear  to  be  more 
frequently  absent  than  present.     In  but  one  of  eight  cases  in 

■  Bennet:  "Ref.  Handb.  Med.  Sc,"  ^  Lancet,  1908,  i.,  782. 

2d  Ed.,  ii.,  22. 
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which  cloths  or  sponges  saturated  with  fhloroform  have  been 
in  contact  with  the  face  is  there  mention  of  redness  and  erosions 
on  the  lips  and  cheeks. '  In  the  other  seven  accounts  no  mention 
is  made  of  such  appearances,  although  their  absence  is  also  not 
specified. 2  After  death  from  "delayed"  or  "chronic"  chloro- 
form poisoning  fatty  degeneration  of  the  liver,  kidneys,  and 
heart  are  found,  and  if  the  changes  in  the  liver  are  advanced  there 
is  also  jaundice.  Although  this  form  of' poisoning  is  referred  to 
as  chronic,  the  necrotic  changes  are  frequently  met  with  after 
death  following  a  single  protracted  inhalation.^ 

When  the  liquid  has  been  swallowed  the  mucous  membranes 
of  mouth,  pharynx,  and  oesophagus  are  usually  "found  reddened, 
inflamed  and  cedematous,  sometimes  with  patches  of  lighter 
color.  The  vessels  of  the  stomach  are  engorged,  and  its  mucous 
membrane  inflamed  in  varying  degrees,  in  patches  or  in  streaks. 
The  stomach  contents  may  or  may  not  have  the  odor  of  chloro- 
form. The  upper  small  intestine  is  congested,  and  the  redness 
is  most  marked  along  the  edges  of  the  valvulse  conniventes.  In 
eases  of  long  duration  ulcerations  are  met  with  from  the  pharynx 
to  the  small  intestine.  The  lungs  have  been  found  to  be  in- 
tensely congested  in  several  instances.  Rigor  mortis  is  said  to 
persist  longer  than  usual.* 

Analytical. — From  what  has  been  said  concerning  the  dis- 
tribution of  inhaled  chloroform  (p.  1159)  those  parts  of  the  body 
which  are  rich  in  lipoid  material  would  contain  the  largest  pro- 
portion of  the  poison  after  death;  the  vascular  fat  about  the 
kidneys,  the  medulla  and  pons,  the  blood,  and  the  brain.  The 
lungs,  which  usually  contain  a  large  amount  of  blood,  and  in 
whose  alveolar  air  chloroform  may  remain  imprisoned,  should 
also  be  examined,  as  well  as  the  stomach  contents,  in  view  of  the 

'Bahrdt  and  Wohlfarth:  Axch.  f.  death    from    swallowed    chloroform 

Heilk.,  1874,  xv.,  430.  see:  Williams:  Med.  Exam.,  Phila., 

^Jamieson:     Lond.     Med.     Gaz.,  1856,  xii.,  659.     Bain:  Lancet,  1859, 

1848,  n.s.,vi.,  318.    Med.  Times  and  i.,    400.     Lamm:    Med.    Times   and 

Gaz.,  1861,  ii.,  625.     Cotting:   Bost.  Gaz.,      1S62,      i.,      478.     Bradford: 

M.   and   3.    J.,    1867,    Ixxvi.,    489.  Ibid.,    1866,   i.,   34.     Hamilton  and 

Burkart:    Vrtljschr.    f.    ger.    Med.,  Bateman: /6/J.,  1S78,  i.,  36.     Pome- 

1876,  n.  P.,  xxiv.,  97.     Brit.  Med.  roy:  Med.  Rec,  1867,  ii.,  54.     Reuss. 

J-,    1880,     i.,     176.     V.    Hofmann:  J.     de     th^rap.,     1880,     vn.,     140. 

"Handb.,"     9te     Aufl.,     755     (two  Hamberg:   Schmidt's  Jahrb.,    1882, 

cases).  cxciv.,  250.     Mygge:  Brit.  Med.  J., 

'See  authors  quoted  in  this  con-  1881,  i.,  664.     Board:  Am  J.  M.  Sc, 

nection  on  pp.  1159,  1164.  1866,  n.  s.,  lii.,  571.     v.  Hotmann: 

'For  protocols  of  autopsies  after  "Handb.,"  9te,  Aufl.  755. 
IV.-74 
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elimination  of  chloroform  bj'  that  channel.  In  the  case  of  a 
man  who  died  in  the  stage  of  beginning  narcosisfrom  inhalation 
of  chloroform  Seyda  found  16  mgm.  in  2,200  gm.  of  stomach  and 
intestines  and  contents,  3  mgm.  in  1,450  gm.  of  liver,  kidney  and 
spleen,  3  mgm.  in  730  gm.  of  heart,  lungs  and  blood,  and  4  mgm. 
in  934  gm.  of  brain.  And  in  the  case  of  a  man  who  died  in  the 
stage  of  complete  narcosis  Fischer  found  9.8  mgm.  in-  985  gm.  of 
stomach  and  intestine  and  contents,  58.9  mgm.  in  780  gm.  of 
heart,  lungs  and  blood,  and  79.3  mgm.  in  480  gm.  of  brain.' 

When  the  poison  has  been  swallowed  it  may  be  found  in  the 
stomach  contents,  and  in  the  tissues  as  well,  as  it  was  in  Ham- 
berg's  case.^  Stevenson  found  0.73  gm.  (llj  gr.)  of  pure  chloro- 
form in  the  stomach  in  the  Bartlett  case.' 

Chloroform  not  only  withstajids  putrefaction  but  impedes  it. 
Leudeking  detected  chloroform  in  the  lungs  of  Preller,  killed 
by  its  inhalation,  12  days  after  death,  and  in  those  taken  from 
the  exceedingly  putrid  bodies  of  dogs,  similarly  killed,  after  four 
weeks. ^ 

If  the  general  method  for  volatile  poisons  (p.  153)  have  been 
followed,  chloroform,  if  present,  may  be  recognized  by  the  tests 
given  below  in  the  distillate  from  the  acid  liquid.  But  as  this 
method  is  attended  with  considerable  loss,  and  as  blood  retains 
chloroform  tenaciously,  a  modification  of  the  process  is  required 
when  quantitative  results  are  desired,  and  should  be  adopted 
at  the  outset  when  chloroform  alone  is  to  be  sought  for.'  Al- 
though chloral  hydrate  is  not  decomposed  with  formation  of 
chloroform  in  an  acid  liquid,  it  is  dissociated  into  choral  and  water 
at  the  temperature  here  existing,  and  chloral,  boiling  at  97°, 
passes  over,  recombining  in  the  distillate  with  the  water  to  form 
the  hydrate,  which  responds  to  the  tests  for  chloroform,  except 
as  indicated  below. 

Tests  for  Chloroform. — 1.  Add  a  little  alcoholic  solution  of 
caustic  potash  and  a  drop  or  two  of  anilin,  and  warm:  a  peculiar, 
disagreeable,  and  persistent  odor,  resembling  that  of  witch-hazel, 
but  much  more  intense,  is  produced.  The  odor  is  due  to  the 
formation  of  isobenzonitril,  or  carbylamin:  CHCI3-I-3KHO  + 
C,H5.NH2  =  CeH5.NC  +  3TvCl+3H,0  (Hofmann). 

'  Lesser:   Vrtljsclir.  f.  gor.   Med.,  'Leach:  Lancet,  1886,  i.,  968. 

1S99,  3  F.,  XV.,  62.  •>  Amer.  Chem.  J.,  1886,  viii.,  358. 

=  Schmidt'.s  Jahrb.,  Is.S'i,   cxciv.,  ^  See  Nicloux's  method,  p.  1173. 
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2.  Dissolve  about  0.01  gm.  of  /3-naphthol  in  a  small  quantity 
of  caustic  potash  solution,  warm,  and  add  the  suspected  liquid: 
a  blue  color  is  produced,  which  slowly  turns  green  and  finally 
brown  in  air  (Lustgarten) . 

3.  The  resorcinol  reaction  is  said  by  its  discoverer,  Schwartz,' 
to  give  a  yellowish-red  color  and  a  green  fluorescence  with  both 
chloroform  and  chloral.  It  does  so  with  the  latter,  but  with  the 
former  it  gives  a  pink  or  red  color,  without  any  fluorescence  under 
any  conditions.  As  originally  described  by  Schwartz  the  reaction 
is  said  to  be  sensitive  to  0.001  gm.  of  chloral  (1  c.c.  sol.  0.1  to  100), 
using  .05  gm.  resorcinol  and  5  drops  of  a  fifteen-per-cent.  caustic 
soda  solution.  We  have  found  it  to  be  more  sensitive  with  a 
less  proportion  of  alkali.  The  best  conditions  are:  To  1  c.c.  of 
the  solution  under  examination  add  1  c.c.  of  a  solution  of  re- 
sorcinol of  5  :  100,  and  3  drops  of  caustic  soda  solution  (C.P.)  of 
4 :  100,  boil  actively  and  dilute  with  10  c.c.  of  water.  With 
chloroform  a  distinct  pink  color  is  produced  with  a  dilution  of 
1 :  25,000,  but  neither  with  this  nor  with  greater  concentration  is 
any  fluorescence  produced  on  dilution.  After  dilution  and  stand- 
ing for  24  to  48  hours,  however,  the  liquid  becomes  brownish- 
yellow  and  fluorescent,  as  does  the  alkaline  resorcinol  solution 
alone  (see  alse  "Chloral,"  p.  1182). 

4.  Orcin  Reaction.^ — The  reagents  required  are  an  aqueous 
solution  of  orcin  containing  0.25  gm.  of  orcin  in  100  c.c,  and  a 
solution  of  sodium  hydroxid  4 :  100.  Take  1  c.c.  of  the  liquid 
under  examination,  add  1  c.c.  each  of  the  orcin  and  soda  solutions, 
and  heat  to  boiling:  faintly  pink  solution  with  bright  green 
fluorescence  results,  and  the  brilliancy  of  the  fluorescence  is  in- 
creased by  dilution.  The  proportions  and  strengths  of  the  re- 
agents given  above  must  not  be  departed  from.  With  a  large 
quantity  of  orcin  an  orange-red,  non-fluorescent  liquid  is  ob- 
tained, which,  however,  becomes  fluorescent  on  large  dilution 
with  water.  If  the  liquid  under  examination  be  acid  or  alkaline 
it  must  be  accurately  neutralized  before  applying  the  test.  The 
reaction  is  sensitive  to  0.0003  gm.  of  chloroform  in  aqueous 
solution  of  1  :  3,200.^ 

5.  Chloroform,  when  heated  with  Fehling's  solution,  causes 

'Ztschr.    f.    anal.    Chem.,    1888,  ^  gge  Qrimaux:  C.  r.  Ac.  sc,  1890, 

xxvii.,  668.  ex.,  1074. 

5  See  Chloral,  p.  1183. 
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reduction,  with  precipitation  of  red  cuprous  oxid  (see  "Quantita- 
tive, "  below). 

6.  Ragsky  Reaction. — When  blood  containing  chloroform  to 
the  limit  of  1 : 1,000,000  is  heated  in  the  water-bath  in  a  glass 
vessel  having  a  glass  tube  bent  horizontally  and  in  part  heated  to 
redness,  the  chloroform  vapor  is  decomposed  to  carbon,  hydro- 
chloric acid,  and  free  chlorin,  which  last  may  be  recognized  by 
its  bluing  paper  impregnated  with  starch  paste  and  potassium 
iodid  (Ragsky).  The  hydrochloric  acid  may  be  recognized  by 
passing  the  escaping  gas  through  a  solution  of  silver  nitrate 
(Snow)   (see  "Quantitative,"  below). 

7.  When  heated  with  caustic  soda  or  potash  in  alcoholic 
solution,  chloroform  is  decomposed  into  an  alkaline  formate, 
potassium  chlorid,  and  water:  CHCl3+4KHO  =  H.COOK +  3KC1 
-I-2H2O  (see  "  Quantitative,  "  below).  After  the  decomposition 
formic  acid  may  be  obtained  by  evaporating  the  alcohol  and 
distilling  from  excess  of  tartaric  acid,  to  decompose  the  formate. 
Formic  acid  reduces  and  decolorizes  potassium  premanganate 
solution  when  heated  with  it  in  presence  of  sodium  carbonate  in 
excess.  When  heated  with  solution  of  corrosive  sublimate  it 
reduces  the  mercuric  salt  to  mercurous  chlorid  (calomel),  which 
forms  a  white  precipitate. 

8.  To  a  portion  of  the  distillate  ammonium  chlorid  and  al- 
coholic caustic  potash  solution  are  added.  The  mixture  is  en- 
closed by  fusion  in  a  thick-walled  glass  tube,  only  one-fourth  filled, 
and  heated  some  hours  in  the  water-bath.  The  reaction  takes 
place  according  to  the  equation  CHCl3-|-2NH3+3KHO  =  NH4- 
CN+3KCI  +  3H2O,  and  the  cyanid  is  tested  for  as  directed  on  p 
S21  etseq.     (Heintz-Hofmann). 

9.  The  Vitali-Tornani  reaction^  requires  an  apparatus 
consisting  of  a  hydrogen  generator  and  wash-bottle  containing 
a  solution  of  potassium  permanganate,  acidulated  with  sulfuric 
acid,  from  which  the  gas  may  be  delivered  by  a  tube  passing  to 
near  the  bottom  of  a  cylinder  whose  cork  is  pierced  with  three 
holes,  one  admitting  the  hydrogen  delivery  tube,  another  a  bulb- 
funnel  tube  with  stopcock,  and  the  third  communicating  with 
the  longer  tube  of  a  sulfuric  acid  wash-bottle.  The  wash-bottle 
is  fitted  with  two  tubes  having  stopcocks  besides  that  of  entry. 
One  of  these  tubes  serves  to  pass  the  gases  into  the  reagents 

iChim.  tossic,  1893,  p.  179.     Vitali  e  Tornani:  L'Orosi,  1885,  vii.,  377. 
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mentioned  below,  and  the  second  terminates  in  a  platinum  jet, 
which  may  be  so  placed  that  the  flame  from  it  will  impinge  upon 
a  piece  of  copper  wire-gauze  placed  in  a  wider  tube  as  a  dia- 
phragm. The  wide  tube,  reduced  in  diameter,  is  in  communi- 
cation with  the  longer  tube  of  a  wash-bottle  containing 
ammonia,  whose  shorter  tube  is  connected  with  an  aspirator. 

The  apparatus  having  been  purged  of  air,  the  cock  of  the 
hydrogen  generator  is  closed,  and  the  aqueous  distillate  under 
examination,  which  may  contain  only  a  small  proportion  of 
alcohol,  is  admitted  into  the  cylinder  from  the  bulb  tube. 
Hydrogen  is  then  passed  through  the  distillate  and  ignited  at  the 
jet;  the  aspirator  is  put  in  action,  and  the  wide  tube  is  brought 
over  the  flame.  Chloroform  vapor,  if  present,  is  burnt  with 
formation  of  hydrochloric  acid,  and  the  flame  impinging  upon  the 
copper  is  colored  bluish-green,  while  the  ammonia  is  colored  blue. 
The  ammoniacal  solution,  acidulated  with  nitric  acid,  gives  a 
white  precipitate  with  silver  nitrate  solution.  If  now  the  first 
cock  be  closed  and  the  second  opened  the  hydrogen,  charged 
with  chloroform  vapor,  may  be  passed,  first  through  a  mixture 
of  caustic  potash  and  solid  thymol,  which  will  gradually  turn 
red- violet;  and  secondly  through  a  warm  alcoholic  solution  of 
caustic  potash  containing  a  few  drops  of  anilin,  which  will  give 
off  the  odor  of  isobenzonitril. 

Quantitative. — Methods  for  estimating  the  quantity  of  chloro- 
form in  blood  and  tissues  are  based  upon:  1.  its  decomposition 
by  heating  with  alcoholic  potash  according  to  the  equation 
CHCl3-h4KHO  =  H.COOK +  3KCI  +  2H2O  and  determination  of 
the  chlorin  (Dumas);  2.  its  decomposition  by  heat  (Ragsky; 
Perrin  and  Duroy)  without  or  with  calcium  or  magnesium 
oxid  (Schmiedeberg) ;  3.  its  reduction  of  Fehling's  solution 
(Grehant  and  Quinquaud). 

1.  Nicloux's  Method.' — To  20  c.c.  of  blood,  or  other  aqueous 
liquid,  95  c.c.  of  alcohol  and  5  c.c.  of  a  five-per-cent.  alcoholic 
solution  of  tartaric  acid  are  added.  The  mixture  is  placed  in  a 
Kjeldahl  flask  fitted  with  a  cork  through  which  passes  one  tube  of 
a  Reitmair  bulb  upon  whose  other  tube  a  continuation  has  been 
fused,  which  is  bent  downward  and  passes  to  the  bottom  of  a 
graduated  cylinder  in  such  manner  that  its  point  is  beloM'  the 

'C.  r.  Soc.  de  biol.,  1906,  Ix.,  88,      Proc.     Roy.     Soc.     London,     1907, 
etc.    See  Buckmaster  and  Gardner:      Ixxix.,  B.  309. 
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level  of  10  c.c.  of  alcohol  placed  therein,  and  40  c.c.  are  distilled 
over.  All  of  the  chloroform  present  passes  into  the  distillate, 
which  is  then  transferred  to  a  flask,  along  with  10  c.c.  of  alcohol 
used  to  wash  the  cylinder.  To  the  60  c.c.  now  in  the  flask  10  c.c. 
of  a  ten-per-cent.  alcoholic  solution  of  caustic  potash  (free  from 
chlorid)  are  added,  the  flask  is  fitted  with  an  Allihn,  or  other 
effective,  reflux  condenser,  and  the  contents  are  boiled  moder- 
ately for  an  hour.  After  cooling,  the  contents  of  the  flask  are 
transferred  to  a  beaker,  and  15  c.c.  of  water,  used  in  two  portions 
to  wash  the  flask,  are  added.  The  contents  of  the  beaker  are 
accurately  neutralized  with  sulfuric  acid,  using  phenolphthalein  as 
indicator,  0.5  c.c.  of  a  five-per-cent.  solution  of  neutral  potas- 
sium chromate  are  added,  and  the  liquid  titrated  with  a  stand- 
ard solution  of  silver  nitrate  containing  8.535  gm.  to  the  liter, 
1  c.c.  of  which  represents  2  mgm.  of  chloroform.  The  process  is 
affected  with  a  minus  error  of  two  per  cent.,  which  is  constant. 
Tissues  are  hashed  and  mixed  with  95  c.c.  of  alcohol  and  5  c.c. 
of  five-per-cent.  alcoholic  tartaric  acid  solution  to  20  gm.  of 
tissue  and  the  process  carried  on  as  above. 

This  method  presents  two  decided  advantages  over  the 
methods  of  the  second  class,  which  it  at  least  equals  in  ac- 
curacy. It  consumes  less  time.  It  yields  the  whole  of  the 
chloroform  present  in  alcoholic  solution,  and,  particularly  if 
proportionately  larger  quantities  of  substance  and  reagents  be 
used,  an  aliquot  part  of  the  distillate  may  be  used  for  the 
quantitative  determination,  and  the  remainder  for  the  identifi- 
cation tests. 

Method  of  Perrin  and  Duroy^  and  its  Modifications. — The 
products  of  decomposition  of  chloroform  vapor  in  contact  with 
a  red-hot  surface  vary  with  the  conditions.  When  the  vapor  is 
given  off  from  an  aqueous  liquid  (blood)  at  the  water-bath 
temperature  without  the  use  of  a  steam  or  air  current,  the  prod- 
ucts are  carbon,  chlorin  and  hydrochloric  acid.  If  the  propor- 
tion of  chloroform  be  large  and  the  tube  be  not  too  strongly 
heated,  solid  hexachlorobenzene,  CjClg,  is  deposited  in  the  cool 
part  of  the  tube  in  brilliant,  needle-shaped  crystals,  and  carbon 
hexachlorid,  CjCle,  may  also  be  formed.  If  the  heated  tube 
contain    granulated  calcium,   magnesium  or  barium  oxid,  the 

'  Lallemand,    Perrin  et  Duroy:    "Du  role  de  I'alc.  et  d.  ansesth.,"  etc. 
Paris,  1860. 
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carbon-chlorin  compounds  are  not  formed,  carbon  is  deposited, 
and  all  of  the  chlorin  enters  into  combination  with  the  metal  as 
chlorid :  2CHCI3  +  4CaO  =  SCaCl^  +  CaCOg  +  C  +  H^O.  If  the  chlo- 
roform vapor  be  passed  through  a  heated  tube  along  with  air 
and  a  sufficiency  of  vapor  of  water,  its  chlorin  is  entirely  con- 
verted into  hydrochloric  acid:  2CHCl3-|-2H20-|-02  =  6HCH- 
2CO2.  The  last  two  decompositions  are  those  now  utilized  for 
quantitative  determinations. 

In  the  Schmiedeberg  method,'  as  modified  by  Pohl-Zul- 
kowsky,^  the  materials  under  examination  are  heated  in  a  flask 
at  about  70°,  and  the  vapor  carried  by  a  current  of  air  through  a 
combustion  tube  containing  chlorid-free  magnesium  oxid,  heated 
to  redness,  the  vapors  being  delivered  by  a  small  silver  tube 
extending  into  the  layer  of  magnesia  and  a  piece  of  platinum  foil 
being  placed  within  the  combustion  tube  beneath  the  orifice  of 
the  silver  tube,  to  avoid  the  cracking  of  the  glass  by  condensed 
moisture.  After  cooling,  the  magnesia  is  dissolved  in  dilute 
nitric  acid  and  the  chlorin  determined  either  volumetrically  by 
Mohr's  or  Volhard's  method,  or  gravimetrically.  One  mgm. 
of  chlorin  represents  1.367  mgm.  of  chloroform.  A  modification 
of  the  method  has  been  proposed  by  Dodgson,^  which,  however, 
does  not  appear  to  offer  any  advantage  over  the  original. 

The  Harcourt  method  and  its  modifications,  adopted  in  the  re- 
searches of  the  British  Medical  Association,*  are  variations  of  that 
of  Perrin  and  Duroy.  They  consist  in  heating  the  blood,  etc.,  in 
a  current  of  air  which  is  drawn  through  a  heated  tube,  or  a  tube 
containing  platium  wire  electrically  heated,  along  with  vapor  of 
water,  and  then  through  a  measured  volume  of  standard 
caustic  potash  solution,  which  is  then  titrated  back  with  standard 
acid,  and  the  amount  of  chloroform  determined  by  that  of  the 
caustic  potash  neutralized  by  the  hydrochloric  acid  produced. 
Or  the  amount  of  potassium  chlorid  formed  may  be  determined 
volumetrically  or  gravimetrically.  Probably  the  most  manage- 
able form  of  apparatus  is  that  in  which  the  vapor  mixture  is 
drawn  through  a  red-hot  platinum  tube.  The  use  of  heated 
glass  or  porcelain  tubes  is  to  be  avoided  on  account  of  their  fre- 
quent rupture  from  condensed  water. 

'Diss.,    Dorpat,    1866;  Arch.    d.           ^  Brit.  Med.  J.,  1902,  ii.,  118. 

Heilk.,  1867,  viii.,  273.  "  Brit.    Med.    J.,    1902,    ii.,    122; 

'Arch.  f.  exp.  P.  and  P.,   1891,       190.3,  ii.,  cxlii;  1904,  ii.,  169;  1906, 

xxviii.,  239.  1906,  ii.,  80. 
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The  methods,  while  very  serviceable  to  determine  the  pro- 
portion of  chloroform  vapor  in  air,  are  neither  as  accurate  nor  as 
expeditious  for  blood  and  tissues  as  the  method  of  Nicloux. 
Blood  retains  chloroform  tenaciously,  and  if  blood  containing 
chloroform  be  heated  above  70°  it  forms  a  jelly  from  which  the 
extraction  becomes  very  incomplete.  At  that  temperature  about 
ninety-five  per  cent,  of  the  contained  chloroform  is  given  off 
during  a  heating  of  G  hours. 

The  proportion  of  chloroform  vapor  in  air-chloroform  mix- 
tures may  be  expeditiously  determined  by  methods  based  upon 
its  absorption  by  olive  oil.' 

CHLORAL  HYDRATE. 

Chloral,  or  trichloraldehyde,  CCI3.CHO,  is  an  oily,  colorless, 
pungent  and  highly  irritating  liquid.  This  on  contact  with 
water  forms  chloral  hydrate,  CCl3.CH(OH)2,  a  solid  crystalline 
compound,  having  a  peculiar,  rather  pungent  odor  and  taste, 
f.  p.  57°  (134.6°  F.),  b.  p.  98°  (208.4°  F.),  very  soluble  in  water, 
alcohol  and  ether,  less  so  in  chloroform.  Chloral  also  combines 
with  alcohol  to  form  a  crystalline  alcoholate,  CCl3.CH(0H).- 
(OCoHs).  Chloral  or  its  hydrate  is  decomposed  by  alkalies  with 
liberation  of  chloroform  according  to  the  equation  CCl3.CH(OH)2 
-f-  KHO  =  H.COOK  +  H2O  +  CHCI3. 

Chloral  enters  into  the  composition  of  a  number  of  medicinal 
substances,  among  which  are  the  following:  Chloralose,  CgHn- 
OgClg,  a  colorless,  crystalline,  bitter  substance,  sparingly 
soluble  in  water,  soluble  in  alcohol,  obtained  by  heating  anhy- 
drous chloral  with  glucose.  Several  non-fatal  medicinal  poison- 
ings by  it  have  been  reported.^  Chloralamid,  or  chloralammonia, 
CCl3.CH(OH).NH2,  is  a  white,  crystalline  powder,  almost 
insoluble  in  water,  having  the  odor  and  taste  of  chloral. 
Its  toxic  properties  are  referred  to  by  Umpfenbach,^ 
and  Manchet.''     Dormiol,  or  dimethylethylcarbinolchloral,  CCI3.- 

1  Waller:     J.     of     Physiol.,  1902,  die   m^d.,    180.5,    x.,    312.     Herzen: 

xxviii.,  XXXV.;   Brit.  Mod.  J.,  1902,  Rev.  m^d.  de  la  Suisse  Rom.,  1895, 

ii.,  122.  XV.,  342.     Douty:  Lancet,  1900,  ii., 

■  Lang:  Brit.  M.  J.,  1.S93,  ii.,  233.  1803.     See  also  Camus  et  Langlois: 

Williams:    Practit.,     1804,    lii.,    98.  C.  r.  Soc.  de  biol.,   1902,  liv.,  268. 

Dufour:      Marseille      vaM.,       1895,  H6don  et  Fleis: /bid.,  1903,  Iv.,  118. 

xxxii.,  748.     Rendu:  Bull,  et  m^m.  '^Therap.    Mntsh.,    1890,   iv.,   66, 

Soc.  m6d.  d.  hop.  de  Paris,  1895,  3  498. 

S.,  xii.,   222.     Delal)n),sf;e:   Norman-  *  Virch.  Arch.,  1894,  cxxxvi.,  368. 
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CH(OH).C(CH3)2(C,H5),  is  a  colorless,  liquid  compound  of 
chloral  hydrate  and  amylene  hydrate.  Lemaire^  has  reported 
a  medicinal  poisoning  caused  by  it.  Two  suicidal  poisonings 
by  "bromidia"  have  been  reported,  one  successful, Hhe  other 
mtf  also  an  unsuccessful  attempt  at  suicide  by  "Corbyn's 
syrup,  "^  and  an  accidental,  non-fatal  poisoning  by  "Hunter's 
solution,"'^ 

Statistics. — Although  the  use  of  chloral  hydrate  as  a  medicine 
was  first  suggested  by  Liebreich  in  1869,"  a  fatal  suicidal  poison- 
ing by  its  use  occurred  in  1870,'  and  since  that  time  similar  cases 
have  been  numerous.  We  have  collated  the  reports  of  136  cases 
of  poisoning  by  chloral  hydrate,  of  which  104  were  accidental,  28 
suicidal,  and  4  criminal.  The  earlier  accidental  poisonings  were 
mostly  medicinal ;  the  more  recent  due  to  the  taking  of  overdoses 
by  persons  addicted  to  the  chloral  habit.  Those  attempting 
suicide  by  chloral  have  for  the  most  part  belonged  to  the  same 
class;  and  the  attempts  have  not  usually  been  successful — only 
9  of  the  28. 

We  find  no  record  of  the  administration  of  chloral  hydrate 
to  another  with  deliberate  intent  to  cause  death,  but  its  adminis- 
tration for  the  purpose  of  facilitating  the  commission  of  other 
crimes  became  of  such  frequent  occurrence  that  it  led  to  the  en- 
actment of  a  law  in  New  York  making  the  possession  of  any 
narcotic  or  anassthetic  substance  by  anyone  other  than  a  phy- 
sician of  surgeon  presumptive  evidence  of  an  intent  to  criminally 
administer  the  same,  which  the  law  makes  a  felony;  and  many 
convictions  have  been  had  under  this  act.*  The  object  is 
most  frequently  the  commission  of  robbery,  and  sometimes 
the  death  of  the  victim  results.  The  "Manchester  cab  mystery  " 
was  a  case  of  this  kind  in  which  a  man  was  found  dead  in  a  cab, 
with   all   of  his   valuables   missing,  after  having  been  drugged 

'J.  de  med.  de   Bordeaux,   1906,  "Laws  1897,  ch.  42,  L.  1882,  ch. 

xxxvi,,  741.  .544;   N.    Y.  Penal   Law,   sec.   1752. 

'Lincoln:  J.  .\m.   M.   .\ss.,   LSS7,  If  the  death   of  the   victim  results 

ix.,  55.  the   crime   becomes  murder  in   the 

'Acker:  New  York  State  J.  of  M.,  first  degree  under  sec.     1044.     The 

1903,  iii.,  445.  "knock-out  drops"  used  by  crimi- 

'Tizard:    Brit.    M.    J.,    LS7S,    ii.,  nals  is  usually  a  strong  solution  of 

437.  chloral  hydrate,  whose  solubility  in 

*Cole:  Lancet,  1876,  ii.,  687.  water  is 'so  great  that  a  suflficient 

"Berl.   kl.   Wchnschr.,    1869,   vi.,  quantity  can  readily  be  carried  in  a 

325.  homoeopathic  vial  in  the  finger  of  a 

'Holbrook:  Buffalo  M.  and  S.  J.,  glove. 
1870-1,  X.,  257. 
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by  a  person  who  had  accompanied  him,  and  against  whom 
two  other  robberies  similarly  perpetrated,  but  without  fatal 
results,  were  proven.^  A  very  similar  case,  in  which  the 
criminal  was  a  woman,  occurred  in  Liverpool  in  1908.^  Hofmann' 
refers  to  the  case  of  the  "murderer  of  girls,"  Hugo  Schenck, 
who  stupefied  some  of  his  victims  with  chloral  hydrate.  At 
Patterson,  N.  J.,  in  1901,  three  young  men  were  convicted  of 
murder  in  the  second  degree,  they  having,  with  a  fourth  associate, 
drugged  a  17-year-old  girl  with  chloral  hydrate  in  wine  and, 
having  taken  her  to  a  lonely  place,  successively  committed  rape 
upon  her.  She  died  in  a  short  time  in  a  carriage,  and  the  body 
was  left  by  the  roadside.^ 

Lethal  Dose. — The  effects  of  a  given  dose  of  chloral  hydrate 
vary  greatly  with  different  individuals  and  in  the  same  indi- 
vidual at  different  times.  Death  has  in  a  few  instances  followed 
the  administration  of  doses  less  than  those  which  are  given 
medicinally  with  safety  and  benefit  in  certain  conditions  of 
disease.  The  medicinal  dose  is  10  to  30  gr.  (0.6  to  2  gm.),  with 
a  maximum  of  75  gr.  (5  gm.).  Ashbough'  has  reported  the 
death  of  a  woman  in  15  minutes  after  the  last  of  two  doses  of 
10  gr.  each  (1.3  gm.  in  all);  Hart"  a  death  from  20  gr.  (1.3  gm.) 
at  one  dose;  Fordyce'  the  death  of  a  man  suffering  from  delirium 
tremens  in  1-J  hours  after  the  last  of  three  doses  of  15  gr.  each 
(2.9  gm.  in  all)  given  during  7  hours;  FinnelP  the  death  of  a 
young  woman  from  two  doses  of  30  gr.  each  (3.9  gm.  in  all); 
von  Maschka^  the  death  of  a  healthy  woman  from  the  effects 
of  the  like  quantity  taken  in  one  dose;  Ludlow'"  the  death  of  a 
girl  of  18  years  from  the  effects  of  two  injections  containing  40 
gr.  each  (5.2  gm.  in  all),  given  in  puerperal  eclampsia;  and 
Stappen  and  Poirier'^  the  death  of  a  girl  of  four  years  from  the 
effects  of  4  gm.  (61  gr.). 

But  very  much  larger  doses  have  been  taken  without  fatal 

'  Reynolds:  Brit.  M.  J.,  1889,  ii.,  ■>  Chicago  M.  J.,  1877,  xxxiv.,  234. 

235,  Reg.  V.  Parton.  «  Med.  Rec,  1S71-2,  vi.,  164. 

^Pharm.  J.,  1908,  4  s.,  xxvii.,  669.  '  Wklv.  M.  Rev.,  1SS3.  viii.,  94. 

'  "Lehrb."  9te  Aufl.,  143.  »  Med".  Rec,  1S71-2,  vi.,  91. 

*  The  Bosschieter  Case.     State  v.  "  Wien.    med.    Wchnschr.,    1871, 

McAllister,    Death    and    Campbell.  xxi.,  1163. 

The  fourth  defendant  was  granted  a  "  M.  and  S.  Rprtr.,   18SS,  Iviii., 

separate  trial,   and,   after  the  con-  596. 

viction  of  the  others,  withdrew  his  "  Ann.    Soc.   de  m6d.   de   Gand, 

plea  of  not  guilty  and  pleaded  non  1876,  liv.,  85. 
vult  to  rape  (State  v.  Kerr). 
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result.  Recoveries  have  been  reported  by  Stone'  from  430  gr. 
(28  gm.);  by  Eschelmann^  from  460  gr.  (30  gm.);  by  Spring- 
thorpe,^  Colenso,*  Hutchinson/  Clapp,'^  and  Madigan'  from  one 
ounce  (31.2  gm.);  by  Anstie^  from  "more  than  an  ounce";  by 
Dayley^  from  595  gr.  (38.7  gm.) ;  by  Williams'"  from  about  600 
gr.  (39  gm.);  and  by  Reavly"  from  720  gr.  (46.8  gm.).  In 
WiUiams'  case  there  was  no  treatment  whatever  during  the 
period  of  coma. 

Duration. — The  average  duration  of  a  fatal  chloral  poison- 
ing is  about  10  to  12  hours.  Hart'^  has  reported  a  death  in 
30  minutes;  Dandridge'^  that  of  a  man  in  2J  hours  after  having 
taken  a  single  dose  of  160  gr.  (10.4  gm.);  and  Carroll'*  that  of 
a  man  in  3^  hours  from  the  effects  of  a  single  close  of  480  gr.(31.1 
gm.).  Death  has  followed  more  prom'ptly  after  the  last  of 
two  or  more  doses,  as  in  Ashbough's'^  case  of  death  in  15  minutes; 
Smith's'^  in  20  minutes;  and  Fordyce's  "  and  Holthouse's'*  in  IJ 
hours. 

On  the  other  hand,  cases  have  been  observed  in  which  life 
has  been  prolonged  for  40,'^  43,^"  and  48^'  hours,  and  even  for  3 
days^^  after  medicinal  administration  of  repeated  doses,  with 
fatal  termination. 

Method  of  Action  and  Elimination. — Chloral  hydrate  ex- 
erts an  irritating  action  upon  the  skin  when  applied  thereto,  and 
upon  the  mucous  membranes  when  it  is  swallowed.  It  is  rapidly 
absorbed  from  the  alimentary  canal,  causing  distinct  effects  in 
a  few  minutes  and   sleep  in  10  to  15  minutes. ^^     It  is  also  ab- 

'  Louisville  M.   News,   1883,  xv.,  "  Cincinn.  Lane,  and  Obs.,  1878, 

179.  xxi.,  385. 

'  M.  Times,  Phila.,  1870,  i.,  23.  ''  Phila.  M.  Times,  1887-9,  ix.,  82. 

'  Austral.  M.  J.,  1887,  n.  s.,  ix.,  '*  Loc.  cit. 

499.  '"  Boston    M.    and    S.    J.,    1871, 

*  Tr.  Clin.  Soc.Lond.,  1895,  xxviii.,  Ixxxv.,  34. 

36.  "  Loc.  cit. 

'  Lancet,  1879,  ii.,  487.  ''  Lancet,  1877,  i.,  701. 

"Comm.  R.  I.  M.  See,   1876,  i.,  "Plummer:  Lancet,  1894,  i.,  21. 

S3.  2°  Craig:  Amer.  Practit.,  1879,  xx., 

'Chicago  M.  Rev.,  1881,  iv.,  447.  366. 

'Practit.,  1874,  xii.,  104.  ''  Ludlow:  Loc.  cit. 

'ind.    M.    Gaz.,    1905,    xl.,    401,  ==  ^eedham:  J.  Psychol.  M.,  1871, 

Hindu.  v.,  93. 

'"  Baltimore  M.  J.  and  Bull.,  1871,  '=  One  ounce,  given  to  a  man  m  a 

ii.,  84.  furious    attack    of   epileptic  mama, 

"  West.  Canada  M.  J.,  1909,  iii.,  caused  deep  slumber  in  5  minutes 

124.  (Madigan:  Chicago  M.  Rev.,   1881, 

"Loc.  cit.  iv.,  447). 
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sorbed  from  the  skin.^  Its  action  when  absorbed  is  first  upon  the 
gray  matter  of  the  cerebral  cortex,  producing  narcosis,  some- 
times after  a  brief  period  of  moderate  excitation.  Later  its 
action  is  exerted  upon  the  cord,  and  finally  upon  the  medulla 
and  the  heart. ^  It  causes  marked  diminution  of  blood  pressure 
through  its  paralyzing  action  upon  the  vaso-motor  apparatus. 
Its  action  upon  the  nervous  system  is  attributed  to  its  affinity 
to  the  lipoids  by  which  it  is  retained.^  The  decomposition 
of  chloral  hydrate  by  alkalies  with  formation  of  chloroform, 
which  led  Liebreich  to  suggest  its  medicinal  use,  does  not  occur 
in  the  alkaline  blood,  this  being  prevented  by  the  formation 
of  trichlorethylglucuronic  or  urochloralic  acid.  Degenerative 
changes  in  the  tissues  are  not  produced  in  peracute  poisonings, 
but  by  its  prolonged  action  chloral  produces  fatty  degeneration 
of  the  liver,  kidneys  and  heart,  such  as  is  observed  in  delayed 
chloroform  poisoning.  Repeated  administrations  of  chloral 
also  cause  increased  protein  metabolism.* 

Chloral  is  eliminated  by  the  stomach  in  its  own  form,'  and 
in  the  urine"  and  bile'  in  the  form  of  its  glucuronic  acid  pairling, 
urochloralic  acid. 

Symptoms. — In  most  cases  there  is  immediate  burning  pain 
in  the  mouth,  throat,  and  stomach,  not  so  intense  as  when  liquid 
chloroform  is  swallowed,  and  not  so  marked  when  the  poison  is 
swallowed  in  a  mucilaginous  liquid.  Usually,  after  a  very  brief 
period  of  moderate  excitement,  the  patient  sinks  rapidly  into  a 
deep  sleep,  which  in  some  instances  has  been  quiet  and  natural, 
and  has  continued,  with  occasional  awakening,  for  as  long  as  72 
hours  in  non-fatal  cases.**  In  severe  cases  the  sleep  deepens  to 
coma,  with  stertorous  respiration,  contracted  pupils,  cold  sur- 
face, muscular  relaxation,  the  face  pale  and  afterward  cyanosed, 
failing  pulse  and  respiration,  and  death  from  coma  or  pulmonary 

'Schultz:  Arch.  f.  exp.  P.  u.  P.,  p.  265.     Harnack:   Berl.  kl.  Wchn- 

1SS2-3,  xvi,,  30i).  schr.,  1S93,  xxx.,  1138. 

-  Bock:    Arch.    f.    exp.   P.    u.    P.,  '    '  Bongers:  Arch.  f.  exp.  P.  u.  P., 

1898,  xh.,  170.      B6hme:76«/.,  l!Hir>.  189.3,  xxxv.,  42o. 
lii.,   346.     Rohde:   Ibid.,    1905,   hv.,  "Ktilz:  Pfliig.  Arch.,  1884,  xxxiii., 

121.  221.     Neubauer:  Arch.    f.    exp.   P. 

'Meyer:   Arch.   f.   exp.    P.    u.   P.,  u.  P.,  1901,  xlvi.,  133. 
1S99,  xHi.,  134.     Mansfiehl  etFejes:  '  Bial:  Ztschr.  f.  physiol.   Chem., 

Arch.    int.    de    pharmacod.,     1907,  1905,  xlv.,  258. 
xvii.,  348.  '  Minot:   Boston    M.    and    S.    J., 

*Peiser:  Fort.^^chr.  d.  Med.,  1893,  1871,      Ixxxiv.,      184.       Benjamin: 

xi.,   1.     Harnak  u.  Remertz:  Ihid.,  Charity  Ann.,  1897-8,  xxiv.,  249. 
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oedema.  Although  the  temperature  is  usually  subnormal,  this 
is  not  always  the  case.  Welch'  reports  a  non-fatal  poisoning 
from  360  gr.  (23.4  gm.)^  in  which  there  was  never  any  fall  of 
temperature.  In  Plummer's  case^  of  suicidal  poisoning  by  about 
an  ounce  of  the  crystals,  fatal  in  40  hours,  the  temperature  was 
37.8°  (100°  F.)  in  7  hours,  and  rose  from  that  to  40.3°  (104.6°  F.) 
on  the  second  day.  Chouppe^  also  reported  a  non-fatal  case  in 
which  the  temperature  (rectal),  starting  at  36.5°  (97.6°  F.)  fell 
during  an  hour  to  30.2°  (86.4°  F.),  but  during  the  following  two 
hours  rose  to  37.4°  (99.3°  F.).  The  skin  in  many  cases  is  covered 
with  a  scarlatinal  rash.  In  some  cases  the  patient  before 
going  to  sleep  is  in  a  peculiar  psychic  condition;  while  half  awake 
he  may  perform  numerous  voluntary  acts  of  which  he  afterward 
has  no  remembrance.  Occasionally  tetanoid  spasms  or  mental 
disturbances  have  been  caused  by  relatively  small  doses.*  The 
odor  of  chloral  is  frequently  present  in  the  breath,  sometimes 
sufficiently  intensely  to  pervade  the  apartment.^  In  one  case 
the  pupils  were  said  to  have  been  dilated;"  in  another  case  the 
patient  suffered  great  pain  and  was  not  narcotized,  although 
100  gr.  had  been  taken.' 

Treatment. — The  stomach  should  be  promptly  washed  out. 
The  body  temperature  should  be  maintained  by  external  warmth. 
The  administration  of  alkalies  has  been  recommended  with  the 
object  of  decomposing  chloral.^  Hypodermics  of  ammonia, 
strychnin,  picrotoxin,  or  adrenalin  are  indicated  to  support  the 
heart,  and  artificial  respiration,  with  the  use  of  pure  oxygen, 
may  be  necessary. 

Post-mortem  Appearances. — The  mucous  membrane  of  the 
mouth,  oesophagus  and  stomach  are  reddened  and  inflamed,  and 
there  may  be  ecchymoses  and  even  destruction  of  tissue  in  the 
stomach.  With  early  death  from  large  doses  the  odor  of  chloral 
is  perceptible.  There  is  marked  engorgement  of  the  vessels  of 
the  brain,  cord  and  lungs.  In  acute  cases  of  long  duration  and 
ia  chronic  cases  atheromatous  changes  occur  in  the  arterial  walls, 

'  Lancet,  1891,  i.,  769.  *  Williams:  Loc.  cit. 

'  Loc.  cit.  "  McKay:  Loc.  cit. 

'C.r.Soe.debiol.,  1875,6s.,ii.,45.  '  Browning:   Brit.  M.  J.,  1871,  u., 

'McKay:  Med.    Rec,     1870,    v.,  640.  . 

284.    Fuller:  Lancet,  1871,  i.,  403.  «  Dougall:  Glasgow   M.   J.,    1895, 

Mackenzie:  Brit.  J.  Ment.  Sc,  1877,  xliii.,  95. 
xxii.,     93.     Douty:  Lancet,     1900, 
ii.,  1803. 
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fatty  degeneration  in  the  liver/  heart  and  kidneys,  and  soften- 
ing in  the  cells  of  the  central  cerebral  ganglia.^ 

Detection. — Chloral,  when  present  in  sufficient  concentration, 
is  possessed  of  a  distinct  antiseptic  action,  but  it  is  itself  very 
prone  to  decomposition,  and,  in  the  amounts  in  which  it  may  be 
present  in  a  cadaver  after  ingestion  during  life,  it  will  rapidly 
disappear  as  putrefaction  advances. 

As  chloral  is  converted  into  urochloralic  acid,  probably  in  the 
liver,  and  appears  as  such  in  the  urine,  that  excretion  is  to  be 
examined  for  urochloralic  acid,  not  for  chloral,  while  both  sub- 
stances should  be  sought  for  in  the  liver  and  blood.  In  the  ali- 
mentary canal  the  search  should  be  for  chloral  hydrate. 

In  the  general  method  for  the  detection  of  volatile  poisons 
(p.  153)  chloral  hydrate,  suffering  dissociation  to  chloral  and 
water  and  regeneration  of  the  hydrate  during  the  process,  passes 
over  in  the  distillate  from  the  acid  liquid,  although  it  does  so 
slowly,  and  therefore  for  quantitative  determinations  (see  p. 
1184)  the  process  must  be  long  continued.  By  distillation  from 
an  alkaline  liquid,  however,  chloral  and  its  hydrate  are  decom- 
posed with  formation  of  chloroform,  which  distills.  Therefore 
the  latter  distillate  is  to  be  examined  by  the  tests  for  chloroform 
(see  pp.  1170-1178),  to  which  it  should  respond,  and  the  former 
distillate  should  respond  to  the  following: 

Tests  jor  Chloral. — 1.  Schwarz's  resorcinol  reaction'  is  best 
applied  by  adding  to  1  c.c.  of  the  suspected  liquid  1  c.c.  of  a 
solution  of  resorcinol  5 :  100  and  3  gtt.  of  sodium  hydroxid  solu- 
tion 4:100,  boiling  actively,  and  diluting  with  10  c.c.  of  water. 
On  boiling  the  liquid  becomes  yellow-pink,  and,  in  presence  of 
sufficient  chloral,  faintly  fluorescent.  On  dilution  with  water 
the  green  fluorescence  is  greatly  intensified,  or  first  makes  its 
appearance.  It  is  visible  with  .00002  gm.  chloral  hydrate,  and 
quite  distinct  with  .00005  gm.  The  reaction  is  not  so  sensitive 
with  greater  or  lesser  proportion  of  alkali.  A  solution  of  re- 
sorcinol and  sodium  hydroxid,  without  chloral  or  chloroform, 
treated  in  this  manner  does  not  produce  a  fluorescent  liquid 
immediately,  but  fluorescence  is  developed  after  a  day  or  two, 
therefore  only  immediate  fluorescence  is  significant  of  chloral. 

'  Wernioh:    Deut.     Arch.     f.     kl.  'Furstner:   Arch.    f.    Psychiatr., 

Med.,  1S74,  xii.,  32.  1S75,  vi.,  3-14. 

=  See  p.  1171. 
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2.  The  orcin  reaction  is  performed  as  directed  on  p.  1171. 
The  solution  when  boiled  becomes  orange-pink,  and  in  dilutions 
of  from  .02  to  15  :  100  of  chloral  hydrate  exhibits  the  same  green 
fluorescence  as  chloroform  on  dilution  with  water.  But  in  more 
concentrated  solution,  20  :  100,  no  fluorescence  is  produced  even 
on  large  dilution  with  water,  notwithstanding  the  fact  that  on 
addition  of  the  alkali  the  liquid  becomes  milky  from  separation 
of  chloroform,  which  is  given  off  iii  abundance  during  the  heating. 

3.  With  Nessler's  reagent  chloral  hydrate  gives  a  precipitate, 
at  first  brick-red,  later  lighter,  and  finally  greenish-yellow.  This 
reaction,  dependent  upon  the  aldehydal  nature  of  chloral;  is 
not  given  by  chloroform." 

4.  If  the  quantity  of  chloral  hydrate  present  be  not  too  small 
it  may  be  extracted  from  its  aqueous  solution,  or  distillate,  by 
agitation  with  ether,  and  recovered  from  the  ethereal  extract  by 
careful  evaporation,  in  its  solid,  crystalline  form. 

5.  With  the  Vitali-Tornani  reaction  (p.  1172)  chloral  hydrate 
produces  no  reaction,  but  if  an  excess  of  caustic  alkali  be  added 
to  the  contents  of  the  cylinder  any  chloral  present  is  decomposed 
with  formation  of  chloroform,  which  then  reacts. 

6-12.  Chloral  hydrate  reacts  with  the  isobenzonitril,  beta- 
naphthol,  Fehling,  Ragsky,  formic  acid  and  cyanid  reactions 
(pp.  1170,  1172)  in  the  same  manner  as  chloroform. 

Detection  of  Urochloralic  Acid. — As  large  a  quantity  of  the 
urine  as  possible  is  evaporated  on  the  water-bath  to  small  vol- 
ume, acidulated  with  dUute  sulfuric  acid,  extracted  three  times 
with  100  c.c.  of  alcohol-ether  (1:2),  and  the  alcohol  and  ether 
distilled  off.  The  residue  may  then  be  treated  by  the  methods  of 
1.  von  Mehring  and  Musculus;^  2.  Kulz,=  or  3.  von  Kulish.^ 

1.  The  residue  is  neutralized  with  potassium  hydroxid,  con- 
centrated, and  extracted  with  ninety  per  cent,  alcohol.  The 
potassium  urochlorolate  is  precipitated  from  the  filtered  alcohohc 
solution  by  ether,  dissolved  in  water,  and  decolorized  by  heating 
the  solution  with  animal  charcoal.  The  solution  is  concentrated 
and  dried  in  vacuo  over  sulfuric  acid.  The  impure,  dry  crystals 
are  washed  with  absolute  alcohol  and  dissolved  in  little  water, 
and  rendered  just  distinctly  acid  by  hydrochloric  acid.  The 
solution  is  freed  from  alkaline  chlorid  by  agitation  with  alcohol- 

'  Berichte,  Berl.,  1875,  viii.,  662;  '  Pfliig.  Arch.,  1883-4,  xxxiii.  221. 

1882,  XV.,  1620.  ^Pharm.  Post.,  1897,  xxx.,  303. 
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ether  (1:2),  further  addition  of  much  ether,  repose  for  48  hours, 
and  filtration.  The  residue  left  after  distilling  off  the  ether  and 
alcohol  is  freed  from  chlorin  by  moist  silver  oxid,  and  from 
silver  by  hydrogen  sulfid,  and  the  filtrate  concentrated  to  a 
syrup  from  which  urochloralic  acid  crystallizes  out  in  about  12 
hours.     The  crystals  are  silky  needles,  fusing  at  142°  (287.6°  F.). 

2.  The  residue  is  treated  with  neutral  lead  acetate,  and  from 
the  filtrate  therefrom  lead  urochloralate  is  precipitated  by  basic 
lead  acetate.  This  is  collected  and  decomposed  by  hydrogen 
sulfid,  the  excess  whereof  is  expelled  by  heat  after  filtration. 
The  solution  is  treated  with  barium  hydroxid,  concentrated, 
decomposed  by  the  proper  quantity  of  sulfuric  acid,  filtered, 
evaporated,  and  dried  over  sulfuric  acid  in  vacuo.  The  residue 
is  repeatedly  extracted  with  ether,  which,  on  evaporation,  leaves 
the  crystals  of  urochloralic  acid. 

3.  The  residue  is  mixed  with  100  c.c.  of  hydrochloric  acid 
(1.06)  or  of  sulfuric  acid  (1.1)  and  distilled.  Furfurole  is  formed 
from  the  glucuronic  acid  liberated  from  the  urochloralic  acid, 
and  is  detectable  in  the  distillate  by  the  formation  of  an  intense 
red  coloration  on  a  paper  strip  moistened  with  a  solution  of 
anilin  or  xylidin  in  fifty-per-cent.  acetic  acid. 

Quantitative. — For  the  quantitative  determination  of  chloral 
hydrate  in  organs,  etc.,  these  are  hashed,  treated  with  half  their 
weight  of  twenty-per-cent.  phosphoric  acid,  and  distilled  in  steam 
for  20  hours,  ^  and  the  distillate  redistilled  if  cloudy.  Chloral 
hydrate  is  determined  in  the  distillate  by  one  of  two  methods: 

1.  The  distillate  is  rendered  distinctly  alkaline  by  chlorin- 
free  alcoholic  potash  solution,  and  the  mixture  heated  in  a  flask 
with  reflux  condenser  four  to  five  hours.  The  liquid  is  then 
concentrated,  rendered  acid  with  sulfuric  acid,  and  precipitated 
with  silver  nitrate.  The  silver  chlorid  is  collected  and  its  weight 
determined  by  the  usual  method.  As  the  reactions  are  CCI3.- 
CH(OH)2  +  KHO  =  CHCl3  +  H.COOK  +  H20  and.CHCl3  +  4KHO 
=  3KC1  + H.COOK +  2H2O  1  mgm.  AoCl=  0.3844  mgm.  CCI3.- 
CH(OH),. 

2.  The  distillate  is  treated  with  30  to  50  c.c.  of  normal  sodium 
hydroxid  solution,  concentrated,  neutralized  with  acetic  acid, 
and  warmed  5  to  6  hours  with  saturated  mercuric  chlorid  solu- 
tion.    F>om  the  amount  of  precipitated  mercurous  chlorid  the 

'  Chloral  hydrate,  though  boiling  at  98°  is  tenaciously  retained. 
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quantity  of  formic  acid  is  determined  according  to  Scala/  and 
that  of  chloral  deduced  thereform.^ 

For  the  quantitative  determination  of  urochloraUc  acid  the 
furfurole  formed  as  in  Kulish's  method  (3,  above)  is  brought 
into  small  bulk  by  neutralizing  the  distillate  with  precipitated 
calcium  carbonate,  saturating  with  sodium  chlorid  and  distilling 
from  an  oil-bath.  The  first  half  c.c.  of  distillate  is  collected 
separately,  and  the  distillation  continued  into  another  receiver 
until  anilin  acetate  paper  is  hardly  reddened.  This  second  dis- 
tillate is  saturated  with  sodium  chlorid  and  again  distilled,  the 
first  half  c.c.  being  added  to  that  first  collected,  and  the  frac- 
tioning  process  repeated  until  all  the  furfurole  is  contained 
in  a  few  c.c,  in  which  it  is  determined  by  conversion  into 
furfuramid  according  to  Gautier  and  Tollens,^  into  its  hydrazone 
according  to  Flint  and  Tollens,*  or  into  its  semi-oxamazone 
according  to  Kerp  and  Unger.'' 

From  an  aqueous  solution  chloral  hydrate  may  be  extracted 
by  perforation  with  ether,  or  from  a  dry  mixture  by  extraction 
in  a  Soxhlet  with  the  same  solvent,  but  in  either  case  the  loss  by 
its  evaporation  is  notable. 

PHENOLS. 

Phenols  are  carbocyclic  compounds  having  one  or  more  hy- 
droxyls  directly  attached  to  the  ring  carbon.  Their  nearest 
relatives  among  the  aliphatic  compounds  are  the  tertiary  alcohols. 
They  are  monohydric,  dihydric,  etc.,  according  to  the  number  of 
phenolic  hydroxyls  which  they  contain.  Although  many  phenols 
are  of  interest  in  medical  toxicology  the  only  ones  of  forensic 
interest  are  benzylic  phenol,  the  simplest  of  the  class,  and  its 
next  homologues,  the  cresols. 

Benzophenol — Phenol — Carbolic  Acid — Phenic  Acid — G^B.^.- 
OH— is  obtained  from  the  "middle  oil"  resulting  from  the 
fractional  distillation  of  coal-tar,  and  is  commercially  prepared 
by  synthesis  from  acetylene.     When  pure  it  crystallizes  in  long^ 

'  Gazz.  chim.  ital.,  1890,  xx.,  393.      357.     Stone    and    ToUens:  Liebig's 
^  Archanselskv:  Arch.   f.   exp.  P.       Ann.,  1885,  ccxlix.,  235. 

U.P.,  1901,  xlvi    347.  ■'Berichte,     Berl.,     1892,     xxv., 

'  Berichte,     Berl.,     1890,     xxiii.,       2912;  Bull.  Soc.  chim.,  1893,  3  s.,  x., 

175;  Bull.  Soc.  chim.,  1891,  3  s.,  v.,       331. 

'  Berichte,  Berl.,  1897,  xxx.,  590. 

IV.— 75 
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colorless  needles,  which  assume  a  red  color  on  exposure,  fuses 
at  43°  (109.4°  F.),  boils  at  183°  (361.4°  F.),  has  a  characteristic 
odor  and  an  acrid,  burning  taste,  soluble  in  15  parts  of  water 
at  20°  (68°  F.),  very  soluble  in  alcohol  and  ether.  In  moist  air 
it  deliquesces,  forming  the  "liquefied"  acid  of  ninety-five  per 
cent.  The  "crude  carbolic  acid,"  a  dark,  pitchy  liquid,  used 
for  coarse  disinfection,  formerly  contained  up  to  fifty  per  cent, 
of  phenol,  but  now  contains  little  or  none,  and  consists  chiefly 
of  the  superior  homologues  of  phenol,  principally  cresols. 

Cresols — Cresylols — Methylphenols  —  Cresylic  Phenols  — Cre- 
sylic  Acids — CeH4(CH3)OH — are  three  in  number,  ortho,  meta, 
and  para,  and  accompany  benzophenol  in  coal-tar,  from  which 
a  mixture  of  the  three  is  obtained  as  a  yellowish  or  brownish 
liquid,  which  is  used  as  a  coarse  disinfectant.  The  ortho  com- 
pound forms  white  crystals,  f.  p.=30°  (86°  F.),  b.  p.  =188° 
(370.  4°  F.);  the  meta  a  colorless  liquid,  b.  p.  =202°  (395.  6°  F.); 
and  the  para  colorless  crystals,  f.  p.  =36°  (96.8°  F.),  b.  p.  =  198° 
(388.  4°  F.).  Creolin  (Pearson)  is  a  dark-brown,  syrupy  liquid, 
having  a  tar  odor,  consisting  chiefly  of  cresols  with  saponified 
resins.  Lysol  is  a  brown,  oily  liquid,  obtained  by  boiling  a 
mixture  of  heavy  tar  oils  with  fat  or  resin  and  an  alkali.  It 
therefore  contains  the  alkali  compounds  of  the  cresols  and  of 
their  superior  homologues  along  with  soaps.  Saprol  contains 
forty  per  cent,  of  cresols;  and  caxbolineum  eighty-five  per  cent. 
of  phenol. 

The  dihydric  penols,  or  diphenols,  CeH4(OH)2,  are  three  in  num- 
ber: Ortho,  or  pyrocatechol,  meta,  or  resorcinol,  and  para,  or 
hydroquinone.  The  monomethyl  ester  of  pyrocatechol,  CgHi- 
(0H)(0CH3)  is  guaiacol,  which  is  the  chief  constituent  of 
creosote,  in  which  it  is  contained  in  the  proportion  of  sixty  to 
ninety  per  cent.,  along  with  other  esters  of  the  superior  phenols, 
but  without  either  phenol  or  cresols.  It  is  an  oily  liquid,  colorless 
when  freshly  prepared,  but  becoming  brownish  on  exposure  to 
light.  It  has  a  burning  taste  and  a  strong,  peculiar  odor,  and  was 
extensively  used  as  an  antiseptic  before  the  development  of  the 
coal-tar  industry.  It  is  obtained  from  wood-tar,  usually  from 
beechwood.  A  "  coal-tar  creosote  "  is  also  made,  which  does  con- 
tain cresols,  and  is  much  more  toxic  than  the  product  from  wood- 
tar. 

Of  the  three  triphenols,  CeH3(OII)3,  the  only  one  of  toxicolog- 
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ical  Interest  is  P3n:ogallol,  or  pyrogallic  acid,  which  is  the  ortho 
compound,  extensively  used  in  photography,  and  is  toxic. 

Statistics. — The  great  majority  of  phenohc  poisonings  are 
produced  by  carbolic  acid  itself,  a  substance  whose  toxic  quality 
is  known  widely,  which  is  accessible  to  any  one,  and  which  is  in 
general  use  as  an  antiseptic.  The  many  references  to  suicidal 
carbolic  acid  poisonings  in  the  secular  press  and  in  such  coroners' 
reports  as  are  available,  but  which  are  unnoticed  in  medical 
literature,  indicate  that  an  attempt  to  compile  statistics  from 
the  latter  source  would  be  futile. 

Although  lysol  has  only  been  upon  the  market  since  1889,  and 
was  at  first  reputed  to  be  "safe,"  it  bids  fair  to  rival  carbolic  acid  in 
the  number  of  its  victims.  Kirschberg'  gives  a  table  of  24  cases  of 
suicide,  or  attempted  suicide,  treated  in  one  division  of  the  Berlin 
Charit6-in  the  two  years  1904-6,  and  BlumenthaP  estimates 
that  more'than  100  lysol  poisonings  occur  annually.  Feldmann,^ 
in  Hamburg,  states  that  of  all  poisonings,  suicidal  and  accidental, 
in  that  city  in  the  preceding  four  years  those  by  lysol  take  the  first 
place,  and  Scharpff*  tabulates  seventeen  lysol  cases  treated  in  one 
hospital  in  that  city  in  1908.  We  have  collated  the  reports  of 
133  lysol  poisonings,  of  which  13  were  by  external  application, 
with  3  deaths;  11  by  uterine  irrigation,  with  5  deaths;^  107  by 
internal  administration,"  of  wliich  23  were  accidental,  with  7 
deaths,  84  suicidal,  with  21  deaths,  and  2  homicidal,  with  1 
death. 

Sheldon'  has  reported  the  suicidal  death  of  an  insane  woman, 
and  Maberly^  two  accidental  poisonings  of  children,  by  "Jeye's 
fluid,"  which  consists  largely  of  cresols,  but  is  labelled  "non- 
poisonous."  Dost'  has  reported  a  fatal  suicidal  poisoning  by 
saprol,  and  Flatten^"  and  Schall"  fatal  accidental  poisonings 
by  carbolineum.  A  lunatic  in  England  died  in  35  minutes  after 
having  swallowed  "thymocresol.""     We  have  seen  the  reports 

'Aerztl.    Sachverst.    Ztg.,    1906,  "In     two     accidental     cases    by 

xii.,  85.  enema,  with  one  death. 

"Deut.    med.    Wchnschr.,    1906,  '  J.  Ment.  Sc,  1901,  xlvii.,  98. 

xxxii.,  1283.  »  Lancet,  1907,  ii.,  293. 

'  Munch,  med.   Wchnschr.,   1908,  "  Arch,  f .  krim.  Anthr.,  1903,  x., 

Iv.,  26.  96. 

*Mitth.  a.    d.    Hamb.  Stskanst.,  '»  Vrtljschr.    f.   ger.   Med.,    1894, 

1909,  ix.,  155.  3  F.,  vii.,  317. 

°  In  three  cases  to  induce  abortion,  "  Ziegler's  Beitr.,  1908,  xliv.,  477. 

with  one  death                        •  "  Med.Times  and  Gaz.,  1898,xxvi., 

636. 
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of  12  creolin  poisonings,  9  of  which  were  accidental,  with  1 
death, ^  and  3  suicidal,  with  1  death;^  and  of  19  creosote  poi- 
sonings, of  which  11  were  accidental,''  with  5  deaths,  1  a  success- 
ful suicide,^  4  successful  homicides,^  1  an  attempted  abortion," 
and  2  of  uncertain  origin. '  Wyss^  and  Lewin'  have  reported  fatal 
accidental  poisonings  by  internal  administration  of  guaiacol,  and 
Petrasko^"  one  in  which  it  caused  abortion.  We  find  reports 
of  7  cases  of  resorcinol  poisoning,  3  by  external  application,'^  with 
1  death,  and  4  by  internal  administration,'-  with  1  death;  and  of 
13  cases  of  pyrogallol  poisoning,  6  by  external,  medicinal  applica- 
tion,'^ with  2  deaths,  and  7  by  internal  administration,'*  of  which 
3  were  suicidal,  with  3  deaths.  An  unreported  death  of  a  child  by 
overdosage  with  resorcinol  occurred  in  New  York  in  1898. 

The  pronounced  odor  and  taste  of  phenol  and  the  cresols  ren- 


'  Rosin:  Therap.  Mntsh.,  1888, 
ii.,  480.  D.  Cramer:  Ibid.,  p.  573. 
Id.,  ibid.,  1889,  iii.,  434.  Dinter: 
Ibid.,  p.  578,  3  cases.  Grassl: 
Friedreich's  Bl.  f.  ger.  Med.,  1895, 
xlvi.,  181.  See  also :  Wachez :  Ther . 
Mntsh.,  1889,  iii.,  264. 

^  van  Ackeren:  Berl.  kl.  AVchn- 
schr.,  1889,  xxvi.,  709.  Pinner: 
Deut.  med.  Wchnschr.,  1895,  xxi., 
680.  Scharpff:  Mitth.  a.  d.  Hamb. 
Stskanst.,  1909,  ix.,  165,  M.  28, 
250  gm.,  death. 

^  Hedrich:  Ztschr.  f.  Stsarznk. 
1851,  Ergh.,  xliii.,  228.  Jeffery: 
Assoc.  M.  J.,  1853,  n.  s.,  i.,  929. 
Williams:  Stethosc.  and  Va.  M. 
Gaz.,  1854,  iv.,  11.  Gushing: 
Cleveland  M.  Gaz.,  1859-60,  i., 
329,  2  fatal  cases.  Muller:  M, 
Corr.-Bl.  d.  Wtirt.  aerztl.  Ver., 
1869,  xxxix.,  337.  D.  Grinnell: 
Med.  News,  1882,  xL,  344.  Freuden- 
thal:  Med.  Rec,  1892,  xli.,  456. 
Zawadzki:  Cbl.  f.  inn.  Med.,  1894, 
XV.,  401,  D.  Faisans:  Bull,  et 
m^m.  Soc.  med.  d.  hop.  de  Paris, 
1896,  3  s.,  xiii.,  43.  Cowan:  Glas- 
gow M.  J.,  1897,  xlvii.,  145. 

■*  Boruttan  u.  Stadelmann:  Deut. 
Arch.  f.  kl.  Med.,  1907,  xci.,  42. 

^  Steinheimer:  Friedreich's  Bl.  f. 
ger.  Med.,  1S73,  xxiv.,  347.  Man- 
ouvriez:  Ann.  d'hyg.,  1882,  3  s., 
vii.,  175.  Pilrckhauer:  Friedreich's 
Bl.  f,  ger.  Med.,  1883,  xxxiv.,  430. 
Marcard:  Vrtljschr.  f.  ger.  Med., 
1889,  n.  F.,  1.,  suplh.,  20. 


°Hedr(5n:  Vrtljschr.  f.  ger.  Med., 
1905,  3  F.,  xxix.,  suplh.,  62. 

'Stevenson:  Guy's  Hosp.  Rep., 
1875,  3  s.,  XX.,  150.  Schultze: 
Munch,  med.  Wchnschr.,  1894,  xli., 
219. 

»Deut.  med.  Wchnschr.,  1894, 
XX.,  296;  Friedenwald:  Maryland 
M.  J.,  1S94,  xxxi.,  71. 

'  "Lehrb.  d.  Tox.,"  1897,  p.  216. 

'"Pest,  med.-chir.  Presse,  1896, 
xxxii.,  102. 

"  Kaiser:  Berl.  kl.  Wchnschr., 
1905,  xlii.,  1039.  Nothen:  New 
York  M.  J.,  1909,  xc,  170,  2  cases. 
One  death. 

'^  Murrell:  M.  Times  and  Gaz., 
1881,  ii.,  486.  Federici:  Lo  Sperim., 
1884,  liv.,  492,  death.  Loffler: 
Diss.,  Wurzburg,  1889.  Boulangier: 
Presse  m^d.  beige,  1904,  Ivi.,  885. 

''Neisser:  Ztschr.  f.  kl.  Med., 
1880,  i.,  88.  Besnier:  Ann.  de 
dermat.,  1882,  2  s.,  iii.,  697,  3  cases, 
1  death.  Vollmar:  Ztschr.  f.  Med.- 
Beamte,  1896,  ix.,  68.  Rusch: 
Wien.  med.  Wschnschr.,  1901,  xiv., 
1296. 

'*  Maillart  et  Audeoud:  Rev.  m^d, 
de  la  Suisse  Rom.,  1891,  xi.,  552', 
plus  pilocarpin,  suicide.  Banerji: 
Lancet,  1892,  ii.,  308.  Dalch^: 
Bull.  et.  m^m.  Soc.  m^d.  d.  hop.  de 
Paris,  1896,  3  s.,  xiii.,  470.  S.,  D. 
Reilly:  Brit.  M.  J.,  1897,  ii.,  81,  S., 
D.  Smith:  Pacific  M.  J.,  1891, 
xxxiv. ,-456,  2  cases,  1  D. 
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der  them  unsuited  to  secret  criminal  administration.  Murderous 
attempts  with  these  poisons  upon  adults  are  therefore  most  ex- 
ceptional. Stevenson'  relates  the  case  of  an  unmarried  pregnant 
woman  who  was  seriously  poisoned  by  creosote  while  in  a  cab 
with  her  lover,  but  whether  the  man  administered  it  to  her  or  she 
took  it  herself  remained  undetermined.  Hofmann^  relates  the 
case  of  a  man  who,  wliile  sick  in  bed,  was  stupefied  by  a  beating 
at  the  hands  of  a  lunatic,  who  then  poured  carbolic  acid  into  his 
mouth.  It  was  stated  in  the  secular  press^  that  three  soldiers, 
while  disinfecting  in  Naples,  Italy,  were  set  upon  by  a  mob,  who 
forced  one  to  drink  of  the  phenolic  disinfectant,  whereof  he  died. 
Kanngiesser*  incidentally  refers  to  a  homicidal  lysol  poisoning, 
tried  at  Mannheim  in  Jan.,  1910.  In  the  case  of  Peo.  v.  Peterson, 
in  Queens  Co.,  N.  Y.,  in  1898,  a  woman  was  convicted  of  the  mur- 
der of  her  infant,  illegitimate  child  by  phenol;  and  in  the  case  of 
Empr.  V.  Dutt,^  a  man  was  convicted  of  a  like  crime  in  Calcutta. 
In  January,  1911,  the  cadaver  of  a  five-year-old  boy  was  found 
in  a  swamp  near  Albany,  N.  Y.,  and  near  it  a  bottle  which  had 
contained  carbolic  acid.  The  usual  marks  were  upon  the  face 
and  about  the  mouth.  The  child's  mother,  a  widow,  was  ap- 
prehended two  days  later  and  confessed  having  administered  the 
poison  to  her  boy  forcibly,  five  days  before  the  body  was  found." 
Other  cases  of  murder  of  young  children,  usually  illegitimate,  and 
usually  by  the  mothers,  have  been  reported  by  Lesser,'  Coester,* 
Leonpacher,'  Haberda,"  Steinheimer, "  Manouvriez,'^  Purck- 
hauer,!^  and  Marcard.'*  In  Westchester  Co.,  N.  Y.,  in  1899,  a 
midwife  was  convicted  of  manslaughter,  having  caused  the  death 
of  a  woman  by  injection  of  carbolic  acid  into  the  body  of  the 
uterus  in  an  attempt  to  provoke  abortion.  Occasional  reference 
is  found  in  the  secular  press  to  persons  throwing  carbolic  acid 

'  Loc.  cit.  '  Friedreich's    Bl.    f.    ger.    Med., 


2  Kl 


'Lehrb.,"  9te    Aufl.    (Kolisko),  1900,  li.,  124. 

686.  '"  Wien.    med.   Wchnschr.,    1895, 

'N.    Y.    Even.    Post,    Sept.,    12,  viii.,  291,  lysol. 

1887.  "  Quoted  by  Major:   Friedreich  s 

•St.    Petersb.    med.    Wchnschr.,  Bl.   f.  ger.   Med.,   1873,  xxiv.,   347, 

1910,  XXXV.,  152.  creosote. 

'  Indian  M.  Gaz.,  1883,  xviii.,  130;  '=  Ann.    d'hyg.,    1882,   3  s.,   vn., 

Lancet,  1883,  i.,  877.  175,  creosote. 

"Peo  v.,  Melher  "Friedreich's    Bl.    f.   ger.    Med., 

'Vrtljschr.  f.  ger.  Med.,  1898,  3  1883.  xxiv.,  430,  creosote. 

P.,  XV.,  281,  cases  146,  148.  "  Vrtljschr.  f.  ger.  Med.,  1889,  n. 

'  ftid.,  1896,  3  F.,  xi.,  303.  F.,     1.,     Suplh.,     20,    creosote,    by 

father,  legitimate  child. 


1190  TOXICOLOGY — WITTHATJS. 

upon  others  as  in  the  crime  of  ■"  vitriolage,"  '  but  we  do  not  find 
mention  thereof  in  medical  literature. 

Although  suicides  by  carbolic  acid  and  by  lysol  are  of  very 
common  occurrence  in  certain  cities,  instances  of  attempted  abor- 
tion by  phenolic  poisons  are  rare.  In  Hedr^n's  case^  by  creosote 
the  dose  taken  was  only  four  drops,  and  neither  abortion  nor 
death  resulted.  In  Petrasko's  case^  a  woman,  three  months  preg- 
nant, aborted  after  having  received  0.8  gm.(ll  gr.)  medicinally 
during  eight  days,  although  this  result  was  not  sought.  Stitt- 
Thomson^  reports  the  case  of  a  woman,  five  months  pregnant, 
who  swallowed  4  ounces  (118  c.c.)  of  crude  carbolic  acid, 
aborted  in  26  hours,  and  died  in  41  hours  thereafter.  In  the  West- 
chester case  above  referred  to  the  probable  intent  was  to  inject 
carbolic  acid  into  the  contents  of  the  uterus,  but  by  ignorant 
manipulation  the  tissue  of  the  organ  was  penetrated,  and  0.886 
gm.  (13.7  gr.)  of  phenol  were  extracted  therefrom  after  death. 
Two  similar  cases  are  briefly  mentioned  by  Priissmann*  in  which 
the  women,  one  of  whom  was  not  pregnant,  died  of  pelveoperit- 
onitis  after  injections  of  Ij^sol.  In  Doderlein's  case'  half  a  liter  of 
lysol  solution  was  injected  into  the  uterus  with  intent  to  cause 
criminal  abortion,  although  the  woman  was  not  pregnant.  The 
fluid  passed  into  the  peritoneum  and  the  woman  died  in  collapse. 
Allen*  reports  the  case  of  a  man  who  suffered  corrosion  and 
oedema  of  the  penis  in  consequence  of  his  wife  having  injected 
pure  carbolic  acid  into  the  vagina  to  avoid  conception.  Ap- 
parently the  woman  did  not  come  under  Allen's  observation. 

An  analysis  of  375  cases  of  accidental  poisonings  by  carbolic 
acid  or  lysol  shows  that  72  resulted  from  errors  of  nurses,  mid- 
wives,  parents  or  the  victims  themselves  in  the  administration  of 
medicines.  Of  these  36  were  fatal.  Pharmacists'  errors  caused  6 
poisonings,  with  4  deaths.''  In  8  cases,  4  fatal,  it  was  swallowed 
by  adults  while  drunk,  and  in  8  cases  by  lunatics,  1  of  whom  died. 
In  35  cases  it  was  swallowed  in  mistake  for  alcoholic  beverages, 
19  times  with  fatal  result.     Children  drank  of  the  carelessly  ex- 

'  See  p.  25-1.  '  Schwartz:  Vrtljschr.  f.  ger.  Med., 

'  Loc.  cit.  1S73,     n.    F.,     xix.,     329;     Pharm. 

'  Brit.  M.  J.,  1896,  ii.,  194.  Ztg.,    ISSS.   xxxiii.,    S4.     Pellacani: 

*Ctbl.  f.  Gyn,  1905,  xxix.,  462.         Virch.-Hirsch    Jbt.,   1892,    i.,    481. 

=  Mntsh.    f.    Geb.    u.   Gyn.,  1897,       Salle:  Arch,  de  mM.  et  de  pharm. 

vi.,  104.  mil.,  1S93,  xxi.,  52.     Booth:  Clini- 

^  Boston    M.    and    S.    J.,  1896,      que,  Chicago,  1909,  xxx.,  144. 

cxxxiv.,  614. 
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posed  disinfectant  in  36  cases,  16  fatal.  The  use  of  phenol  or 
lysol  in  surgical  practice  caused  88  poisonings,  with  23  deaths; 
and  in  obstetrical  practice  19  poisonings,  with  10  deaths.  Seven 
new-born  or  very  young  infants  were  poisoned  by  phenolic  dress- 
ings, of  whom  5  died;'  and  5  infants  were  poisoned,  2  fatally,  by 
similar  dressings  after  circumcision.^  In  10  cases  carbolism  fol- 
lowed the  sterlization  of  evacuated  abscesses;^  in  2  after  injections 
into  the  pleura;*  in  1  after  irrigation  of  the  bladder;^  in  1  after 
injection  into  piles;"  in  1  after  contact  with  the  eye;'  in  2  after 
injection  into  the  ear;*  in  3  after  application  to  the  penis,"  and  in 
24  after  injection  into  the  rectum.'"  A  patient  in  a  hospital  died 
from  sucking  a  sponge  saturated  with  the  disinfectant.''  An 
apothecary  was  killed  by  his  clumsy  attempt  to  treat  a  tooth  with 
carbolic  acid.'^     A  woman  suffered  severe  local  effect  from  wash- 


iZit:  Arch.  f.  Kinderhlk.,  1880, 
i.,  445.  von  Genser:  Ihid.,  p.  459. 
von  Maschka:  Vrtljschr.  f.  ger. 
Med.,  1886,  n.  P.,  xlv.,  239.  Rei- 
mann:  Ihid.,  1891,  3  F.,  ii.,  63. 
Cohn:  Ibid.,  1896,  3  F.,  xi.,  307. 
Lesser:  Ihid.,  1898,  3  F.,  xv.,  281, 
case  145.  Brtining:  Cblt.  f.  Kin- 
derhlk., 1903,  viii.,  448. 

^  Weiss:  Prag.  med.  Wchnschr., 
1878,  iii.,  372.  Dreyfus:  France 
m^d.,  1885,  i.,  255.  Meltzer:  Ther. 
Mntshft.,  1890,  iv.,  52.  Bogdanik: 
Wien.,  med.  Presse,  1895,  xxxvi., 
1256.  Stevenson:  Lancet,  1904,  i., 
1279. 

=  Wallace:  Brit.  M.  J.,  1870,  i. 
432.  Langenbuch:  Berl.  kl.  Wchn- 
schr., 1878,  XV.,  413.  de  Agostini: 
Gazz.  d.  osp.,  1880,  i.,  60.  Treub: 
Cblt.  f.  chir.,  1881,  viii.,  49.  Brad- 
ford: BostonM.  andS.  J.,  1881,  civ., 
324.  Kuster:  Arch.  f.  kl.  Chir., 
1878,  xxiii.,  117,  155,  2  cases. 
Olshausen:  Cblt.  f.  Chir.,  1879,  vi., 
494.  Post:  Med.  Rec,  1879,  xv., 
378.  Ozenne:  Ann.  d'hyg.,  1880, 
3  s.,  iv.,  236. 

*  Kuster:  Loc.cit.  Nieden:  Berl. 
kl.  Wchnschr.,  1882,  xix.,  748. 

'Cramer:  Ther.  Mntschr.,  1889, 
iii.,  434. 

°  Wright:  Cincin.  Lane,  and  Clin., 
1878,  n.  s.,  i.,  68. 

'  McCahey:  Med.  Bull.,  1885,  vii., 
341. 

'Ledermann:  New    York    M.    J., 


1895,  Ixi.,  622.  Haug:  Aerztl. 
Sachverst.  Ztg.,  1903,  ix.,  418. 

"Saalfeld:  Ther.  Mntschr.,  1896, 
X.,  291.  Bergel:  Ihid.,  p.  348. 
Allen:  Loc.  cit. 

'"  Michaelis:  Wien.   med.    Presse, 

1867,  viii.,  816.  Pinkham:  M.  and 
S.  Reptr.,  1868,  xix.,  491.  Prae- 
torius:  Berl.  kl.  Wchnschr.,  1879, 
xvi.,  214.  Koltmeier:  Ibid.,  p.  501. 
Springer:  Rev.  de  m6d.,  1882,  ii., 
778,  2  cases.  Purckhauer:  Fried- 
reich's Bl.  f.  ger.  Med.,  1883,  xxxiv., 
440.  Delahousse:  Arch,  de  m6d. 
et  de  ph.  mil.,  1885,  v.,  270.  Koch: 
Memorabil.,  1889,  xxxiv.,  220. 
Brugnoli:  Giorn.  int.  d.  sc.  med., 
1892,  n.  s.,  xiv.,  618.  Hawkins: 
Med.  News,  1893,  Ixii.,  158.  Friede- 
berg:  Ctbl.  f.  inn.  Med.,  1894,  xv., 
185.     Binz:  Berl.     kl.     Wchnschr., 

1895,  xxxii.,  50.  Herlyn:  Deut. 
med.  Wchnschr.,  1895,  xxi.,  683. 
Pfister:  Berl.  kl.  Wchnschr.,  1896, 
xxxiii.,  298.     Hill:  M.  and  S.  Reptr., 

1896,  Ixxv.,  303.  Heller:  Phila. 
Policlin.,  1897,  vi.,  316.  Hartigan: 
Brit.  M.  J.,  1900,  ii.,  1498.  Pag6s: 
Montpellier  m6d.,  1903,  xvii.,  304. 
Marshall:  Med.  Rec,  1903,  Ixm., 
174.  Pellacani:  Loc.  cit.  Acker: 
Arch.  Pediatr.,  1907,  xxiv.,  356, 
2  cases.  Modica:  Gazz.  d.  osp., 
1907,  xxviii.,  1539. 

"  Biddle:    Brit.   M.   J.,    1873,   i., 

611. 

"  Vander  Weyde:  M.  and  S.  Rptr., 

1868,  xix.,  122. 
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ing  her  vagina  with  ninety-five  per  cent,  acid.'  In  5  instances 
absorption  has  been  by  inhalation.^  Carbolism  has  also  followed 
external  applications  to  ulcerated  surfaces,^  to  burns  or  scalds/ 
in  compresses  preparatory  to  surgical  operations,^  to  various  ex- 
anthemata," for  the  cure  of  the  itch,  etc.,'  and  even  to  the  unin- 
jured skin.^ 

Of  8  accidental  creolin  poisonings  2  were  by  its  use  as  an 
obstetrical  antiseptic  (Rosin,  Grass!") ;  2  by  its  like  use  in  surgery 
(Cramer,  Wachez") ;  by  irrigation  of  the  bladder  (Cramer") ;  and 
3  by  its  having  been  drunk  by  a  nurse  and  two  patients  in  an  asy- 
lum (Dinter").  The  3  attempts  at  suicide  (van  Ackeren,  Pinner, 
Scharpfl^)  were  unsuccessful,  although  in  2  cases  the  dose  swal- 
lowed was  250  c.c. 

Two  accidental  guaiacol  poisonings,  1  fatal  (Friedenwald, 
Petrasko") ,  resulted  from  its  internal  administration,  and  1  fatal 
case  (Lewin°)  from  its  external  application,  all  medicinally. 

Of  11  accidental  creosote  poisonings  3  resulted  from  mistakes 
in  its  medicinal  administration  (Williams,  Cushing,  GrinneP) ;  3 
from  accidents  consequent  upon  its  use  for  the  relief  of  toothache 
(Jeffery,  Muller,  Cowan");  3  from  its  medicinal  use  internally 
(Freudenthal,  Zawadzki,  Faisans") ;  1  from  a  pharmacist's  error 

1  Weiss:  New  York  M.  J.,  1899,  diatr.,  1904,  xxi.,  923.  Stem:  J. 
Ixix.,  21.  Am.  M.  Ass.,  1909,  liii.,  1821. 

2  Unthank:  Brit.  M.  J.,  1872,  ii.,  '  Machin:  Brit.  M.  J.,  1868,  i., 
579.  Blake:  Rocky  Mnt.  M.  Rev.,  220.  3  cases.  Wicke:  Deut.  Klin., 
1880-1,  i.,  363.  Schmitz:  Cblt.  f.  1869,  xxi.,  175,  185.  Kohler:  Med. 
kl.  Med.,  1886,  vii.,  2.57,  2  cases.  Corr.-Bl.  d.  Wurt.  Aerztl.  Ver., 
Hischman:  France  mM.,  1SS6,  ii.,  1872,  xliii.,  41,  49.  Hoppe-Seyler: 
1121.  Pflug.  Ai-ch.,  1872,  v.,  477.     Baader: 

=  Sandwell:  Brit.  M.  J.,  1870,  ii.,  Corr.-Bl.   f.  Schweiz.   Aerzte,   1887, 

382.     Hannhorst:   Berl.  kl.     Wchn-  xvii.,  540. 

schr.,  1879,  xvi.,  605.     Silbermann:  *  Zillner:  Wien.  med.  Wchnschr., 

Deut.  med.   Wchnschr.,   1895,   xxi.,  1879,  xxix.,  1234.     Paul:  Phila.  M. 

682.  Times,   1880,  x.,  404.     Jones:  Cin- 

*  Molony:  Austral.    M.    J.,    1872,  cinn.   Lane,   and  Clin.,   1885,  n.  s., 

xvii.,     73.     Billroth:     Wien.     med.  xv.,  439.     Dreyfus:  Loc.  cit.    Whit^ 

Presse,     1879,     xx.,     942.     Simon:  mire:  Peoria     M.     Mthly.,     1886-7, 

Rev.     mens.     d.     mal.     de.     I'enf.,  vii.,     264.      Reich:    Ther.     Mntsh., 

1887,  v.,  119.     Richman:  XewYork  1892,    vi.,    677.     Langfeldt:  Aerztl. 

M.     J.,     1889,     i.,     605.     Landau:  Prak.,      1894,     vii.,     937.     Brown: 

Deut.  med.    Wchnscher.,  1893,  xix.,  Lancet,     1S59,    i.,     543.     Trabant: 

339.     Heller:  Loc.  cit.  Ther.  Mntsh.,  1896,  x.,  404.    Abra- 

°  Lucas  and  Lane:  Lancet,   1895,  hams:     Pediatr.,      1900,     ix.,     241. 

i.,  .  1362,     2     cases.     Lucas:  Ihid.,  Douglas-Crawford:  Loc.    cit.     Bett- 

1897,    ii.,    537.     Douglas-Crawford:  mann:      Munch,    med.    Wchnschr., 

Ihid.,   1901,  i.,   1011.  1903,  1.,  1775.    Raubenheimer:  Lan- 

"  Monti:     Arch.     f.     Kinderhlk.,  cet,  1903,  i.,  1098.     Kaiser:  Berl.  kl. 

1882,    iii.,    17.     Adams:  Arch.    Pe-  Wchnschr.,  1905,  xlii.,  1039. 

°  Loc.  cit. 


PHENOLS.  1193 

(Hedrich');  and  1  by  mistake  for  brandy  (Gushing^).  In  one 
case  (Schulze^)  a  patient  swallowed  the  entire  amount  of  a  pre- 
scription, whether  with  suicidal  intent  or  accidentally  was  unde- 
termined. A  druggist  killed  himself  by  swallowing  100  c.c.  of 
creosote  (Boruttan  u.  Stadelmann^). 

Three  accidental  resorcinol  poisonings  followed  its  external 
appHcation  (Kaiser,  Nothen'-) ;  and  3  its  internal  administration 
(Murrell,  LofHer^);  1  was  caused  by  a  pharmacist's  error 
(Federici^);  and  1  by  mistaken  directions  (Boulangier'). 

All  6  of  the  accidental  pyrogallol  poisonings  followed  its  exter- 
nal application  in  the  treatment  of  psoriasis  (Neisser,  Besnier, 
VoUmar,  Rusch^).  Two  instances  of  double  poisoning,  probably 
suicidal,  were  produced  by  photographic  developing  fluid  (Smith, 
Banerji^).  The  same  solution  was  used  by  2  suicides  (Dalche, 
Reilly^).  Another  suicide  swallowed  a  liquid  containing  pyro- 
gallol and  pilocarpin,  used  in  his  trade  as  a  barber  (Maillart  et 
Audeoud) . ' 

Lethal  Doses. — De  Vries^  reported  the  case  of  a  girl  who  was 
found  dead  after  having  swallowed  1.5  gm.  (23  gr.)  of  phenol, 
with  suicidal  intent.  In  Napir's  case^  a  woman  accidentally 
swallowed  3  gm.  (45  gr.),  and  died  7  days  thereafter.  Anderson* 
reported  the  case  of  a  man  of  64  years  who  died  in  12  hours  after 
having  swallowed  3.9  gm.  (1  dm.)  of  carbolic  acid  in  oily  solution; 
and  Wilkinson'  that  of  a  girl  of  17  years  who  died  in  23  hours 
from  the  effects  of  the  same  quantity.  In  Edmund's  case^  a  girl 
of  18  years  died  in  100  minutes  after  having  received  a  uterine 
douche  containing  3.9  gm.  (1  dm.)  dissolved  in  a  quart  of  water. 
On  the  other  hand,  Kolar^  reported  the  recovery  of  a  child  of  2  J 
years  after  the  ingestion  of  46.6  gm.  (U  oz.).  Recoveries  of 
adults  have  also  been  reported  after  the  ingestion  of  46.6  gm. 
(H  oz.);8  50  gm.  (If  oz.),"  62.2  gm.  (2  oz.),!"  and  even  124.4 
gm.  (4  oz.)." 

'Loc.cit.  »  Allen:  Austral.   M.   J.,    1880,   n. 

'AUg.  med.  Centztg.,    1890,    lix.,  s.,     ii.,     116,    F.,    41,     S.     Costine. 

1701,  in  three  per  cent,  solution.  Lancet,    1883,    ii.,    280,   F.,    17,    S., 

'Tr.     Med.-Chir.      Soc.      Edinb.,  crude    acid.     Taliaferro:  Wkly.    M. 

1882-3,  n.  s.,  ii.,  75,  in  solution  in  Rev.,    1883,    viii.,    55,    F.,    19,    S., 

water  and  glycerol.  ninety-five-per-cent.  acid. 

'Lancet,  1869,  i.,  179.  ''Amat:Rev.     de     raM.     et     de 

'Therap.   Gaz.,    1892,   3   s.,   viii.,  chir.  mil.,   1881,  3  s.,  xxxvii.,   198, 

220.  M.,  45,  S.,  alcoholic  solution. 

'M.  and  S.Reptr.,  1887,  Ivii.,  345.  "  Archer:  Liverpool  M.-Chir.    J.. 

'J.   Am.    M.    Ass.,    1897,    xxix.,  1882,  ii.,  152,  F.,  40,  S.,  crude  acid. 

1126.  Manly:  Denver  M.  Times,   1893-4, 
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Weissenrieder'  has  reported  the  death  of  a  male  suicide  of  35 
years  in  1  hour  after  having  swallowed  3.75  to  7.5  c.c.  (1  to  2  tea- 
spoonfuls)  of  lysol;  Dost^  that  of  a  female  idiot  of  16  years  in  about 
24  hours  from  15  c.c.  (tablespoonful) ;  and  Ebhardt^  that  of  a 
woman  of  53  years  in  30  hours  from  the  same  quantity.  A  boy  of 
10  months  died  in  36  hours  after  3.75  c.c.  (teaspoonful)  had  been 
given  him  in  mistake;*  and  an  infant  of  8  days  in  27  hours  after 
the  like  dose.^  A  woman  of  29  years  died  in  30  minutes  after  an 
irrigation  with  a  half-per-cent.  solution  after  extraperitoneal 
Cesarean  section.'  Adults  have  recovered  after  the  ingestion  of 
50  c.c.  (If  oz.),'  60  c.c.  (nearly  2  oz.),*  90  c.c.  (3  oz.),»  and  100  c.c. 
(3  oz.) ;'"  and  a  boy  of  4  years  after  the  relatively  large  dose  of  25 
to  30  c.c.  (about  7  dm.)." 

The  lethal  dose  of  creolin  cannot  be  stated,  as  we  find  no  record 
of  its  having  caused  death  when  taken  -per  os,  although  in  two 
cases"  250  gm.  (8  oz.)  were  swallowed  by  suicides  who  recovered. 
In -Rosin's  case^^  a  woman  died  in  26  hours  after  a  uterine  irriga- 
tion with  4  liters  of  a  one-per-cent.  solution,  but  death  was  due  to 
sepsis,  not  to  the  antiseptic. 

In  one  of  Cushing's  cases  an  aged  woman  died  in  36  hours  after 
having  swallowed  7.4  c.c.  (2  dm.)  of  creosote;  and  in  the  other  a 
man  of  53  years  died  in  about  3  hours  from  the  effects  of  15-20 
c.c.  (4—5  dm.).^^  In  Zawadzki's  case'^  a  woman  of  42  years 
died  on  the  fourth  day  of  a  medication  consisting  of  6  drops 
thrice  daily.  In  Schulze's  case^^  a  woman  of  30  years  recovered 
after  having  swallowed  30  c.c.  (1  oz.). 

A  girl  of  9  years  died  on  the  third  day  after  having  swallowed 

xiii.,    459,    F.,    ad.,    S.     Rodman;  '  Scharpff:  Mitth.    a.    d.    Hamb. 

Med.  Rec,  1900,  Iviii.,  70,  F.,  60,  A.,  Stskanst.,  1909,  ix.,  155,  F.,  27,  S. 
pure     acid.     Kolar:  hoc.     cit.,    F.,  *  May:  Diss.,   Kiel,  F.,  22,  S.  v. 

33,  S.  Burck:  Milnch.     med.     Wchnschr., 

"  Davidson:  Med.  Times  and  Gaz.,  1907,  liv.,  985,  F.,  24,  S.     Scharpff: 

1875,    ii.,    597,    F.,    40,    S.,    crude  Loc.  cit.,  F.,  65,  S.,  wineglassful. 
acid.  'MacMillan:  Brit.    M.    J.,    1908, 

'  Med.    Corr.-Bl.    d.    Wurt.    A.-  ii.,  1495,  M.,  ad.,  S. 
Ver.,   1909,   Ixxix.,   437.  '"  Kayser:     Diss.,     Berlin,    1903. 

^Arch.    f.    crim.    Anthr.,     1905,  Liepelt:  Berl.  kl.  Wchnschr.,  1903, 

xviii.,  95.  F.,   15,   S.     Scharpff:  Loc.  cit.,  M., 

^Ztschr.    f.    Med.-Beamte,    1901,  IS;  S.;  F.,  19,  S.;  F.,  36,  S.;  and  F., 

xiv.,  495.  16,  S. 

*Raede:  Deut.    Ztschr.    f.    Chir.,  "  Drews:  Ther.  Mntsh.,  1893,  vii., 

1893,  xxxvi.,  565.  522. 

'  Haberda:  Wieh.  kl.  Wchnschr.,  '^  Van    Ackeren,    Scharpff:    Loc. 

1895,  viii.,  292.  cit. 

"Birnbaum:  Cbl.   f.   Gyn.,    1909,  '^  Loc.  cit. 

xxxiii.,  1521. 
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5  gm.  (77  gr.)  of  guaiacol;*  and  Lewin^  refers  to  the  death  of  a 
tuberculous  patient  18  hours  after  the  external  application  of  2 
gm.  (30  gr.). 

In  Dalch6's  case^  a  niale  suicide  of  23  yedrs  died  from  the 
effects  of  15  gm.  (i  oz.)  of  pyrogallol;  and  in  Reilly's  case^  a 
female  suicide  of  32  years  died  in  68  hours  after  having  swallowed 
30  gm.  (1  oz.).  No  recovery  from  a  larger  dose  than  these  has 
been  reported,  the  maximum  recovered  from  having  been  8  gm. 
(124  gr.),  taken  along  with  0.25  gm.  (3.8  gr.)  of  pilocarpin  in 
Maillart  and  Audeoud's  case.' 

Duration. — In  the  majority  of  fatal  cases  death  occurs  in 
from  two  to  eight  hours,  but  in  some  peracute  cases  the  duration 
does  not  exceed  an  hour  or  two,  or  rnay  be  less  than  half  an  hour. 
Langfeldt*  states  that  a  child  a  year  old  to  which  concentrated 
carbolic  acid  was  applied  endermically  became  immediately  un- 
conscious and  died.  Couteaud  (Dou6)^  reports  the  case  of  a  sol- 
dier who  died  in  4  to  5  minutes  after  having  swallowed  a  wine- 
glassful  of  a  concentrated  solution.  Tordeus"  reports  the  death  of 
a  child  of  3  years  in  less  than  5  minutes.  Baader^  reports  a  death 
in  8  minutes;  Marwood,^  Barlow,^  and  Josias'"  in  10  minutes; 
Friedberg''  in  12  minutes;  Schenck  and  Post'^  in  15  minutes; 
Baader''  in  15  minutes  after  external  application;  Lesser"  three 
cases  in  10  to  15,  20  and  30  minutes;  Sigler'^  in  19  minutes;  and* 
Hagenbach^'  in  20  minutes.  Or  life  may  be  prolonged  for  several 
days.  Thus  Langerhans^'  reports  a  death  in  4  days;  Bertag'*  in 
5  days ;  Schleicher,  ^^  Ozenne^"  and  Askin^  ^  in  6  days ;  and  DeMahy^^ 
and  Rawlings^'  in  7  days.     Fatal  poisonings  of  still  longer  dura- 

'  Friedenwald :  hoc.  cit.  '^  Louisville   M.   News,    1880,   x.,   ' 

"  hoc.  cit.  294. 

=  hoc.  cit.  "  Chicago  M.  J.  and  Exam.,  1882, 

*Aerzt.  Prakt.,  1894,  vii.,  937.  xliv.,  278. 

=  Gaz.  hebd.  de  m^d.,  1892,  2  s.,  "  Deut.    med.   Wchnsohr.,    1893, 

xxix.,  159.  xix.,  269. 

"Clinique,  Brux.,  1887,  i.,  157.  ''  Berl.  kl.  Wchnsohr.,  1883,  xx., 

'Corr.-Bl.     f.     Schweiz.     Aerzte,  415. 

1887,  xvii.,  540.  '°  Deut.    med.   Wchnschr.,    1891, 

'  Austral.  M.  Gaz.,  1893,  xii.,  78.  xvii.,  9. 

»  Lancet,  1869,  ii.,  404.  '»  Ann.  d'  hyg.,  1880,  3  s.,  iv.,  236. 

"ProgresmM.,  1885,  2  s.,  i.,  254.  "Liverpool   M.-Ch.  J.,   1891,  xi., 

"  Virch.  Arch.,  1881,  Ixxxiii.,  132.  73. 

"  Boston  M.  and  S.  J.,  1879,  ci.,  "  New    Orleans    M.    and    S.   J., 

781.  1887-8,  n.  s.,  xv..  111. 

1"  Loc.  cit.  ''  St.    Barthol.   Hosp.  J.,  1896-7, 

"  Vrtljschr.  f.  ger.  Med.,  1898,  3  iv.,  103. 
F.,  XV.,  277,  cases  137,  138,  139. 
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tion  have  followed  the  absorption  of  carbolic  acid  by  channels 
other  than  the  alimentary  canal.  Thus  Billroth^  reports  two 
deaths  following  the  use  of  carbolic  acid  as  a  surgical  antiseptic  in 
8  and  10  days;  Walzberg  and  RiedeP  a  similar  case,  fatal  in  9  days; 
SandwelP  a  death  in  10  days  after  application  to  the  vulva  and 
nates  in  a  girl  of  12  years;  Kruckenberg*  a  death  in  11  days  after 
intrauterine  irrigation;  and  Tennant^  a  death  on  the  26th  day. 
In  the  protracted  cases  death  frequently  results  from  a  pneumonia 
provoked  by  the  poisoning,  sometimes  by  urjemia. 

Method  of  Action — Elimination. — ^Phenol  and  the  cresols  in 
concentration  of  five  per  cent,  or  over  coagulate  the  proteins,  and 
therefore  exert  a  marked  necrotizing  action  upon  tissues  with 
which  they  come  in  contact,. and  destroy  the  lower  forms  of  life. 
Even  in  a  dilution  of  three  per  cent.,  carbolic  acid  is  irritating. 

These  substances  are  absorbed  from  all  surfaces,  including  the 
uninjured  skin."  When  absorbed  they  act  upon  the  nervous  cen- 
ters, which  they  paralyze,  with  or  without  a  transient  period  of 
excitation,  more  marked  in  the  lower  animals  than  in  man.  In 
massive  doses  they  cause  death  in  a  few  minutes  by  cardiac  pa- 
ralysis, before  respiratory  failure.  They  are  hsemolytic,  and  in 
some  cases  have  caused  hsemoglobinuria  and  icterus.  Their  ac- 
tion upon  the  organs  in  which  their  disintoxication  and  elimina- 
ttion  are  affected  results  in  degenerative  changes  in  the  liver  and 
kidneys  and  in  bronchopneumonia  in  prolonged  cases. 

Phenol,  cresols,  hydroquinone  and  pyrocatechol  are  normally 
produced  by  bacterial  action  in  the  intestine,  are  reabsorbed  and 
eliminated  in  the  urine  in  the  form  of  sulfuric  and  glucuronic 
pairlings.  The  normal  elimination  of  these  substances  by  man 
with  a  mixed  diet  is  from  15  to  51  mgm.  in  24  hours,  calculated  as 
phenol.  With  a  vegetable  diet  and  by  the  herbivora  the  amount 
is  greater.  To  some  extent  also  phenols  are  oxidized  in  the  sys- 
tem to  hydroquinone  and  pyrogallol,  which  are  also  eliminated  in 
similar  pairling  combination,  and  to  these  the  peculiar  color  of 
carbolic  urine  is  due.'       When  phenols  are  introduced  from  with- 

'  Wien.    med.   Presse,    1870,    xx.,  °  See  note  S,  p.  1192. 

881,912,942.  '  Stadeler:  Liebig's    Ann.,     1851, 

-  Deut.  Ztschr.  f.  Chir.,  1881,  XV.,  Ixxvii.,       17.       Buliginski:    "Med.- 

398.  chem.  Unt."  (Hoppe-Seyler),  1866, 

'  Brit.  M.  J.,  1870,  ii.,  :;S2.  234.     Lieben:  Liebig's  Ann.,   1870, 

*  Ztschr.  f.  Gcbh.  u.  Gyn.,   ISill,  Suplb.  vii.,  240.     Landolt:  Berichte, 

xxi.,  217.  Berl.,    1871,    iv.,    770.     Salkowski: 

'  Glasgow  M.  J.,  1870-1,  iii.,  74.  Pflilg.  Arch.,  1872,  v.,  335.    Hoppe- 
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out  this  disintoxicating  action  of  the  system  is  also  carried  on  so 
far  as  the  materials  therefor  are  available,  but  the  quantity 
which  can  be  thus  rendered  innocuous  in  a  given  time  is  limited. 
Although  the  formation  of  the  sulfuric  and  glucuronic  pairlings 
take  place  at  the  same  time,  that  of  the  former  appears  to  be  the 
more  active  at  first,  as,  in  the  examination  of  a  lysol  poisoning, 
Wohlgemuth^  found  complete  disappearance  of  mineral  sulfates 
from  the  urine  of  the  first  day,  indicating  that  all  of  the  sulfuric 
ion  produced  by  oxidation  of  the  proteins  had  gone  to  the  forma- 
tion of  the  cresylic  pairling,  while  on  the  second  day  the  relation 
of  mineral  to  ether-sulfates  was  again  normal.  The  elimination 
by  the  urine  does  not  appear  to  begin  promptly  in  man,  as 
Holyoke^  reports  the  case  of  a  man  who  died  in  half  an  hour,  the 
urine  in  whose  bladder  had  no  carbolic  odor  and  did  not  darken; 
Krauss^  that  of  a  man  found  dead  after  having  swallowed  200  c.c. 
of  phenol,  whose  urine  was  not  modified;  Gamble*  that  of  a  woman 
who  swallowed  half  a  wineglassf  ul  of  phenol  and  whose  urine  was 
not  affected  for  2  hours,  and  Raubenheimer^  that  of  a  child  severely 
poisoned  by  the  application  to  the  legs  of  cloths  saturated  with 
a  1:40  solution  of  phenol,  who  showed  no  carboluria  in  4  hours, 
but  did  in  6  hours  and  for  the  following  24  hours.  But  in 
Wilkinson's  case  of  poisoning  j^er  os"  the  urine  passed  in  2  hours 
was  smoky.'' 

Elimination  of  the  phenols  takes  place  not  only  by  the  kidneys, 
but  also  by  the  lungs,  salivary  glands,  liver,  and  stomach.     The 

Seyler:  Ibid.,  p.  470.     Munk:  Ibid.,  ^  Boston    M.    and    S.    J.,    1898, 

1876,    xii.,     142.     Baumann:  Ibid.,  cxxxviii.,  394. 

pp.    63,    69;    xiii.,    285;    Ztschr.    f.  'Med.   Coit.-BI.    Wurt.    A.-Ver., 

physiol,  Chem.,  1878,  ii.,   235,   350;  1893,  Ixiii.,  161. 

1879,  iii.,  149,  156,  250;  1882,  vi.,  "  Brit.  M.  J.,  1896,  ii.,  507. 

183;    1886,    x.,    123.     Baumann    u.  =  Lancet,  1903,  i.,  1098. 

Herter:  Berichte,    Berl.,    1876,    ix.,  "Therap.  Gaz.,    1892,   3  s.,   vm., 

1747.    Baumann  u.Preusse:  Arch.f.  220. 

An.  u.  Phys.,  Phys.  Abt.,  1879,  245;  'For  other   cases    bearmg    upon 

Ztschr.  f.  physiol.  Chem.,  1879,  iii.,  ehmination  by  the  urme  see:  I'alk- 

156.     Baumann     u.     Brieger:   Ber-  son:  Arch.  f.  kl.  Chir.,  1881,  xxvi., 

ichte,  Berl.,  1879,  xii.,  804.   Schmie-  204.     Bodkin:   Brit.  M.  J.,  1886,  i., 

deberg:  Arch.  f.  exp.  P.  u.  P.,  1881,  109,  ehmination  oontmued  3  days, 

xiv.,  307.     Baumann  u.  Stolnikow:  Huber;  Ztschr.    f.    kL    Med.,    1888, 

Ztschr.  f.  physiol.  Chem.,  1884,  viii.,  xiv.,     467.     Rosm:  Ther.     Mntsh., 

281.     Marfori:  Arch.  ital.  de  biol.,  1888,    ii.,    480,    creolm      Wachez: 

1894-5.,  xxii.,  204.     Birnbaum:Cblt.  IbU.,  1889,  iii.,  264,  creohn.    Borut- 

f.  Gyn.,  1909,  xxxiii.,  1521.  tan  u.  Stadelmann:  Deut.  Arch.  t. 

'  Berl.  kl.  Wchnschr.,  1906,  xHii.,  kl.   Med.,    1907,   xci.,   42,   creosote. 

■  508.    See    also:     Bradford:  Boston  Matter:  Hofmeister  s    Beitr.,    IMI, 

M.  and  S.  J.,  1881,  civ.,  324.  x.,  251,    lysol.     Eiselt:  Prag.   med. 

Wchnschr.,  1909,  xxxiv.,  201,  lysol. 
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odor  of  phenol  has  been  perceived  in  the  breath  after  external 
application  of  carbolic  acid/  and  the  pulmonary  lesions  observed 
in  some  cases  are  produced  during  elimination.^  Hoppe-Seyler' 
detected  phenol  in  the  saliva  of  dogs  after  administration  by 
inunction;  and  Pag&s^  reports  the  case  of  a  woman  who  perceived 
a  marked  carbolic  taste  after  having  received  a  lysol  enema. 
WandeP  found  lysol  in  the  bile  of  animals  poisoned  thereby. 
Bongers"  has  shown  experimentally  that  phenol  is  eliminated 
by  the  stomach,  and  the  vomiting  which  sometimes  occurs  in 
cases  of  non-gastric  administration'  is  most  probably  a  result  of 
gastric  elimination. 

Symptoms. — As  results  of  its  coagulating  action  phenol  pro- 
duces immediate  pain  at  the  points  of  contact,  and  discolorations 
of  the  skin  or  mucous  membrane  which  are  at  first  white,  later 
gray  to  brown,  hardened  and  contracted.  After  a  time  the  eschar 
separates,  leaving  a  brown  stain  which  persists  for  many  days. 
Or  the  tongue  and  buccal  and  f  aucial  tissues  become  greatly  swol- 
len, interfering  with  speech,  deglutition  and  the  passage  of  the 
stomach  pipe.  When  lysol  is  swallowed  the  mucous  membranes 
are  colored  light-brown,  and  there  is  a  slippery  feeling  in  the  lips 
and  mouth  due  to  the  alkali.  Vomiting  occurs  sometimes  spon- 
taneously, even  after  external  application,  and  the  vomit,  as  well 
as  the  expired  air  and  mouth  exhale  the  carbolic  odor. 

In  some  cases  the  action  of  the  absorbed  poison  is  ushered  in 
by  a  brief  period  of  excitement,  marked  by  convulsive  movements 
of  the  arms,  hands  and  facial  muscles,  with  trismus.  With  large 
doses  these  are  usually  absent  and  the  patient  rapidly  becomes 
unconscious,  falling  if  standing  or  sitting,  and  soon  passes  into 
coma  and  collapse,  with  stertorous  respiration,  at  first  slow,  after- 
ward accelerated,  complete  abolition  of  reflexes,  a  pale  livid  sur- 
face, coated  with  cold  "perspiration,  contracted  pupils,  and  fall  of 
body  temperature.  In  eases  fatal  at  this  stage  the  circulation 
and  respiration  fail,  the  pupils  dilate,  and  death  occurs  from  car- 

'Richman:  New     York     M.     J.,  ^  Montpellier    m6d.,    1903,    xvii., 

ISSO,    1.,    605.     Reimann:    Cblt.   f.  304. 

Gyn.,  1880,  iv.,  99.  =  Arch.  f.  exp.  P.  u.  P.,  1906-7, 

^Langerhans:  Deut.  med.  Wchn-  Ivi.,   161;  also   Bial:   Ibid.,  p.  416. 

schr.,    1S93,   xix.,    269.     Wachholz:  "Arch.    f.    exp.    P.   u.  P.,   1895, 

Ibid.,    1S05,    xxi.,     146.     In    other  xxxv.,  425. 

cases    pulmonary    lesions    may    be  '  Molony:  Austral.   M.    J.,    1872, 

caused  by  regurgitation  and  aspira-  xvii.,  73.     Lucas  and  Lane:  Lancet,  ' 

tion  during  unconsoiousness.  1899,  i.,  1362. 

^Pflijg.  Arch.,  1872,  v.,  480. 
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diac  paralysis  or  pulmonary  oedema.  The  rapidity  of  the  estab- 
lishment of  unconsciousness  is  in  some  cases  extreme.  Sen' 
reports  the  case  of  a  man  who,  having  drank  carbolic  acid,  made 
for  his  bed,  but  before  reaching  it  fell  down  collapsed,  and  ex- 
pired. In  Hidebrandt's  case=  a  boy  of  10  years  fell  unconscious 
after  taking  three  steps.  Other  cases  are  reported  in  which  un- 
consciousness was  complete  in  5,'  S,*  and  2^  minutes.  If  the 
patient  survive  the  coma,  before  and  during  the  return  to  con- 
sciousness, he  becomes  delirious,  and  has  more  or  less  marked 
spasms  of  a  tetanic  character,  nystagmus,  contractions  of  the 
facial  muscles,  and  pyrexia.  The  body  temperature  has  been 
known  to  rise  as  high  as  106°  in  lOJ  hours  after  the  poisoning, 
without  death  ensuing, °  and,  in  another  non-fatal  case,  to  re- 
main elevated  for  several  days.'  In  a  case  fatal  in  less  than  2 
hours  108°  were  reached  soon  before  death.  ^  With  the  awaken- 
ing there  occur  vomiting,  attacks  of  vertigo,  and  slight  spasmodic 
movements.  As  results  of  the  necrotizing  action  the  vomit  and 
stools  may  contain  blood  and  shreds  of  mucous  membrane,  and 
there  are  also  local  manifestations  when  the  poison  has  entered 
otherwise  than  per  os.  As  consequences  of  the  elimination  by  the 
kidneys,  the  organs  themselves  as  well  as  their  secretion  are  af- 
fected. The  urine  when  voided  is  normal  in  color,  or  of  a  slightly 
greenish  tinge,  but  on  exposure  to  air  soon  darkens  to  an  olive 
tint  and  even  to  black,  and  stains  the  linen  olive-color  or  violet. 
In  one  case  the  urine  voided  in  2  hours  after  the  poisoning  per  os 
became  smoky.'  This  symptom,  known  as  "carboluria,"  has 
been  known  to  continue  for  3'°  and  5''  days.  The  evidences  of 
hemorrhagic  nephritis  have  been  observed  in  some  cases, 
albuminuria,  the  presence  of  casts  and  blood  in  the  urine,  su- 
pression,  and  even  death  secondarily  from  ursemic  poisoning.'^ 

'Indian  M.  "Gaz.,  1893,  xxxviii.,  'Clarke:  J.   Am.   M.   Ass.,    1906, 

307.  xlvi.,  783,  case  5. 

'Deut.    med.    Wchnschr.,    1881,  "Edmunds:  M.    and    S.    Reptr., 

vii.,  325.  1887,  Ivii.,  345. 

'  Bohlen:  Ibid.,  1899,  xxv.,  495,  '  Wilkinson:  Ther.  Gaz.,  1892,  3  s., 

lysol,  recovery.  viii.,  200. 

■    'Harris:  Boston    M.    and    S.    J.,  '»  Bodkin:  Brit.  M.  J.,  1886,  i.,  109. 

1880,  cii.,  494.  "  Sands:    Med.  Rec,    1881,   xx., 

'  Bartlett:  Austral.  M.  Gaz.,  1891,  151. 

xi.,  97,  recovery.     See  also:  Mliller:  '^ -vyilkinson:  Loc.     cit.       Caton; 

Virch.  Arch.,  1881,  Ixxxv.,  236.  Lancet,  1895,  ii.,  788.     Jones:  Cin- 

° Springer:  Rev.  denied,  de Paris,  cin.    Lane,   and   Clin.,    18S5,    n    s., 

1882,  ii.,  778.  xv.,  439.    Fries:  Munch,  med.  Wchn- 
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The  hsemolytic  action  of  phenol  is  manifested  by  icterus*  and 
h£emoglobinuria.^  Choluria^  and  acetonuria*  have  also  been  ob- 
served. Vapor  of  phenol  is  irritating  to  the  upper  air  passages 
when  inhaled,  but  the  respiratory  organs  are  much  more  seriously 
affected  when  phenol  or  lysol  have  been  otherwise  absorbed. 
In  some  cases  a  fatal  pneumonia  has  resulted  from  aspiration  of 
matters  regurgitated  from  the  stomach  during  the  period  of  im- 
paired consciousness;^  and,  oftener,  bronchopneumonia  develops 
during  elimination,  and  is  a  frequent  secondary  cause  of  death, 
particularly  in  protracted  cases.*  Usually  the  course  of  a 
phenolic  poisoning  is  continuous  to  death  or  recovery,  but  Raw- 
ling's  case,  cited  in  the  last  note,  indicates  that  a  period  of  euphoria 
may  occur,  followed  by  relapse  and  death.  Other  cases  of  a  similar 
character  are  reported  by  Lumpp'  and  by  Anderson.^ 

Usually  the  sensation  of  pain  is  experienced  immediately  upon 
contact  of  phenol  with  the  lips  or  other  parts,  but  in  some  cases 
this,  as  well  as  other  symptoms,  has  been  delayed.  Jenni- 
Temme^  relates  the  case  of  a  woman  who  swallowed  a  tablespoon- 


schr.,  1904,  li.,  709.  Pilz:  lUd., 
1908,  Iv.,  965.  Roset:  Ihid.,  1906, 
liii.,  2171.  Adams:  Arch.  Pediatr.. 
1904,  xxi.,  923.  Cramer:  Cblt. 
f.  Gyn.,  1896,  xxii.,  1049.  DeMahy: 
New  Orleans  M.  and  S.  J., 
1887-8,  n.  s.,  xv.,  111. 

'  Ozenne:  Ann.  d'hyg.,  1880,  3  s., 
iv.,  236.  Krukenberg:  Ztschr.  f. 
Geb.  u.  Gyn.,  1891,  xxi.,  217.  Lan- 
dau: Deut.  med.  Wchnschr.,  1891, 
xvii.,  753.  Silbermann:  Ibid.,  1895, 
xxi.,  682.  Cramer:  hoc.  cit.  Dal- 
che:  Bull,  et  mem.  Soc.  m^d.  d. 
hop.  de  Paris,  1896,  3  s.,  xiii.,  470. 

^  Krukenberg,  Silbermann,  Wil- 
kinson, Pilz:  hoc.  cit.  Nieden:  Berl. 
kl.  Wchnschr.,  1881,  xviii.,     705. 

'  Wilkinson,  Cramer:  Loe.  cit. 

'  von  Burk:  "Munch,  med.  'Wchn- 
schr., 1907,  liv.,  985.  Scharpff: 
Mitth.  a.  d.  Hamb.  Stskanst.,  1909, 
ix.,  155. 

"Feldmann:  Miinch.  med.  Wchn- 
schr., 1908,  Iv.,  26,  case  3,  D.  in 
12  hours.  Kathe:  Virch.  Arch., 
1906,  elxxxv.,  132,  D.  in  24  hours. 
Zimm;  Diss.,  Berlin,  1,S71,  D.  in  60 
hours.  Clarke:  J.  Am.  M.  Ass., 
1906,  xlvi.,  783,  case  2,  D.  in  3  days. 


Schleicher:  Deut.  med.  Wchnschr., 
1891,  xvii.,  9,  D.  in  6  days. 

^  Verce:  Austral.  M.  Gaz.,  1891-2, 
xi.,  351,  Hfe  endangered  by  pneu- 
monia, recovery.  Mackenzie:  St 
Thom.  Hosp.  Rep.,  1890,  n.  s., 
xviii.,  297,  case  2,  pneumonia  12th 
day,  recovery.  Langerhans:  Deut. 
med.  Wchnschr.,  1893,  xix.,  256, 
D.  in  7  hours.  Id.,  ibid.,  p.  269,  D. 
in  4  days.  Flatten:  Vrtljschr.f.ger. 
Med.,  1894,  3  F.,  vii.,  317,  D.  in  10 
hours.  Haberda:  Wien.  kl.  Wchn- 
schr., 1895,  viii.,  292,  D.  in  27 
hours.  Boruttan  u.  Stadelmann: 
Deut.  Arch.  f.  kl.  Med.,  1907,  xci., 
42,  pneumonia  began  4th  day,  D.  in 
11  days.  Tennent:  Glasgow  M.  J., 
1870-1,  iii.,  74,  pneumonia  2d  day, 
D.  26th  day.  Rawhngs:St.  Earth. 
Hosp.  J.,  1896-7,  iv.,  103,  patient 
discharged  2d  day,  D.  by  pneumonia 
7  days. 

'  Med.-  chir.  Ctbl.,  1896,  xxxi., 
45,  D.  from  pneumonia  in  32  hours. 

«  Lancet,  1869,  i.,  179,  temporary 
improvement  4  hours  before  death 
in  12  hours. 

°Corr.-Bl.  f.  Schweiz.  Aerzte, 
1887,  xvii.,  537. 
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ful  of  ninety-per-cent.  acid  and  experienced  no  pain  at  first,  10  to 
15  minutes  elapsing  before  it  was  severe.  Drews'  describes  the 
case  of  a  boy  who  swallowed  25  to  30  gm.  of  undiluted  lysol  into 
an  empty  stomach,  and  afterward  ate  his  dinner  with  good  appe- 
tite, experiencing  abdominal  pain  only  Ih  hours  later.  Stern^ 
reports  the  case  of  a  man  whose  arms  were  burned  by  an  applica- 
tion of  phenol,  who  sufTered  no  pain  for  5  minutes,  after  which  it 
was  intolerable.  Potjan^  states  that  a  woman  swallowed  a  tea- 
spoonful  of  undiluted  lysol  and,  beyond  some  burning  in  the  throat, 
suffered  no  further  trouble,  from  which  he  draws  the  conclusion, 
not  subsequently  verified,  that  lysol  is  not  strongly  poisonous. 
In  Hunter's  case*  in  which  a  wineglassful  of  the  crude  acid  was 
swallowed  by  a  drunken  woman,  there  was  entire  absence  of  pain 
in  the  stomach. 

The  usual  situation  of  cutaneous  stains  are  about  the 
angles  of  the  mouth,  extending  downward,  and  on  the  chin  or 
cheeks.  In  one  case,  where  a  glass  was  struck  from  the  hand 
of  a  woman,  they  extended  from  the  neck  to  the  pubes;'  and  in 
another  case,  where  a  bottle  was  broken,  from  the  umbilicus  to 
the  knees."  In  Blake's  case,'  in  which  absorption  was  by  inhala- 
tion, the  tip  of  the  nose  was  blistered.  In  some  cases  in  which 
the  poison  is  swallowed  from  a  bottle  or  spoon  passed  well  back 
into  the  mouth  no  corrosive  action  is  exerted  upon  the  hps  or 
anterior  part  of  the  mouth,  from  which  stains  are  of  course  absent.^ 
Cornick^  reports  a  case  in  which  carbolic  acid  was  swallowed 
from  a  tumbler,  yet  there  was  no  evidence  of  corrosive  action 
about  the  mouth  or  lips.  In  a  case  reported  by  Costine'"  there 
was  nothing  about  the  lips,  mouth  or  fauces  to  indicate  the  nature 
of  the  poison,  although  1^  ounces  of  crude  acid  had  been  swal- 
lowed. Other  cases  of  poisoning  per  os  in  which  corrosion  of  the 
lips  or  mouth  were  absent  are  reported  by  Tennent,"  Minot,'^ 

'Ther.  Mntsh.,  1903,  vii.,  522.  Lobker:     Deut.     med.     Wohnschr., 

2J.  Am.  M.  Ass.,  1909,  liii.,  1821.  1881,    vii.,    2(j6.     Schall:    Beitr     z. 

'Ther.  Mntsh.,  1892,  vi.,  678.  path.   An.,   1908,  xliv.,   471.     Mac- 

'Edinb.  M.  J.,  1884-5,  xxx.,  790.  kenzie:  Lancet,  1896,  n.,  1518. 

=  Clarke:   J.   Am.   M.   Ass.,    1906,  "Nashville  J.  M.  and  S.,  1882,  2 

xlvi.,  783,  case  12.  s.,  xxix.,  112. 

"Jones:    Cmc.    Lane,    and    Clin.,  '«  Lancet,  1883,  n.,  280. 

1885,  a.  s.,  XV.,  439,  child.  "  Glasgow  M.  J-,  1870-1    m.,  74. 

'Rocky  Mt.   M    Rev.,  1880-1,  i.,  "  Boston  M.  and  S.  J.,  1887,  oxvi., 

363.  260. 

"Kingsford:  Lancet,  1892,  i.,  743. 
IV.— 76 
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Fraser,'  Lewis,^  Reubold,^  Gamble/  Fleming/  Ebhardt/ 
Clarke/  and  Scharpff.'  In  Lewis'  case  there  was  copious  saliva- 
tion. In  Weiser's  case'  the  right  parotid  gland  became  hard, 
painful  and  swollen  on  the  second  day,  apparently  from  entrance 
of  the  poison  through  Steno's  duct. 

A  woman,  immediately  after  having  swallowed  half 
an  ounce  of  liquefied  acid,  "felt  mad  and  fought  the 
air,"  but  became  unconscious  in  15  minutes.'"  A  child 
of  7  days  whose  skin  was  only  touched  by  fingers  moistened 
with  pure  carbolic  acid  was  suddenly  seized  with  violent  general 
convulsions,  and  died  in  profound  coma  in  10  hours."  In  Reich's 
case'^  of  poisoning  of  an  adult  by  lysol  there  were  severe  general 
spasms.  In  Cushing's''  fatal  case  of  creosote  poisoning  there  was 
no  pain,  but  the  man  was  seized  with  general  convulsions  in  5  to  7 
minutes. 

In  two  instances  amaurosis  has  been  reported,"  and  in 
one  aphonia,  persisting  for  a  month.''  (Esophageal  strictures, 
such  as  are  produced  by  the  mineral  alkalies  and  acids,  are  of  rare 
occurrence,  although  they  have  been  met  with  by  Salmon'^  and 
Brown.''  In  Cattell's  case'^  the  oesophageal  lining  was  pushed 
down  by  the  stomach  tube  and  became  impacted  near  the  stomach. 

Concentrated  phenol  when  applied  to  the  skin  causes  a  burn- 
ing sensation,  not  instantaneously  but  in  about  a  minute,  and  the 
formation  of  a  white  stain  which,  after  some  hours,  turns  gray, 
afterward  brown,  with  formation  of  a  hardened,  leathery  eschar 
which,  falling  off,  leaves  a  brown  discoloration  which  persists  for 
weeks.  Stains  produced  by  lysol  are  at  first  light  brownish  in 
color.  Dilute  solutions  of  carbolic  acid  maintained  in  contact 
with  the  skin  cause  systemic  effects  by  absorption  of  the  poison, 

'  Med.  Rec,  1895,  xlviii.,  741.  '^'Ther.  Mntsh.,  1892,  vi.,  677. 

^Med.  News,  1895,  Ixvi.,  636.  '^  Cleveland  M.  Gaz.,  1859-60,  i., 

=  Friedreich's    Bl.    f.    ger.    Med.,  329. 

1895,  xlvi.,  8.  i<  Mackenzie:    St  Thomas'  Hosp. 

•  Brit.  M.  J.,  1896,  ii.,  507.  Rept.,     1S90,     n.     s.,    xviii.,    297. 

=  Austral.    M.    Gaz.,    1898,    xvii.,  Nieden:  Berl.  kl.  Wchnschr.,  1882, 

336.  xix.,  748. 

"Ztschr.    f.    Med.-Beamte,    1901,  '=  Verco:  Austral.  M.  Gaz.,  1891-2, 

XIV.,  495.  xi.,  351. 

'  Loc  cit.,  case  6.  '"  Arch.  f.  Kinderhlk.,  1883-4,  v., 

'  Loc.  cit.,  case  xi.           •  313. 

"  Med.  News,  1894,  Ixv.,  271.  "  Occid.  M.  Times,  1895,  ix.,  192. 

"Walker:    Boston  M.  and  S.  J.,  >»  Proc.  Path.  See,  Phila.,  1897,  i., 

1879,  c,  7!)7.  19. 

"  Abrahams:  Pediatrics,  1900,  ix., 
241. 
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and  also  local  effects  referable  to  necrosis  of  the  tissues  through  its 
coagulating  action,  burning  and  prickling  sensations,  pain,  ery- 
thematous or  papular  exanthems,  brown  discoloration,  parch- 
mentizing,  anesthesia,  and  finally  dry  gangrene,  extending  into 
the  deeper  tissues,  with  loss  of  substance,  the  dropping  off  of  fin- 
gers, toes,  etc.  In  the  recent  medical  literature  48  cases  of  car- 
bolic gangrene  have  been  reported. 

Treatment. — The  first  indication  is  the  removal  of  the  poison 
from  the  stomach  by  lavage,  from  the  vagina,  uterus  or  rectum 
by  irrigation  and  from  accessible  surfaces  by  washing.  The  wash- 
liquid  may  be  water  containing  saccharated  lime  or,  preferably, 
alcohol,  strong  for  the  skin,  and  dilute  (whiskey)  for  internal  use. 
Or  a  few  ounces  of  strong  alcohol  may  be  introduced  into  the 
stomach,  which  is  to  be  thoroughly  washed  out  in  five  minutes.^ 
The  prevention  of  the  cauterizing  action  of  phenol  upon  the  skin 
by  strong  alcohol  was  first  observed  by  Phelps^  and  PowelP  in  1894, 
and  it  was  first  used  in  a  case  of  phenolic  poisoning  by  internal 
administration  by  Buchanan^  in  1899.  In  1895  Eraser'  had 
reported  the  case  of  a  woman  who  had  swallowed  an  ounce  of 
carbolic  acid  dissolved  in  whiskey,  without  the  production  of  any 
stains  upon  the  lips,  mouth  or  throat,  and  who  recovered  after 
symptoms  resembling  those  of  opium  narcosis.  Eraser  ascribed 
the  moderation  of  the  corrosive  action  to  the  whiskey.  While  it 
has  been  demonstrated  in  many  cases  that  alcohol  inhibits  the 
necrotizing  action  of  carbolic  acid,  or  lysol,  it  acts  merely  physically 
as  a  solvent  and  diluent,  without  entering  into  chemical  reaction, 
and  therefore  without  affecting  the  truly  toxic  action.®  The  ad- 
ministration of  alkaline  sulfates  to  aid  in  the  formation  of  the  in- 
nocuous sulfuric  pairling  has  not  proven  to  be  of  the  practical  util- 
ity which  was  promised  by  the  theory,  as  the  synthesis  is  not 
realized  with  the  formed  sulfates,  but  only  during  metabolic  proc- 
esses from  oxidation  of  the  protein  sulfur. '     Tauber'  from  experi- 

'Atwell:  Virginia  M.  Semi- Mthly.,  Ixxx.,  693.     Clarke  and  Brown:  J. 

1903-4,  viii.,  74.  Am.     M.    Ass.,     1906,    xlvi.,     782. 

'New  York  M.J     1899   Ixix.,  62.  Feldmann:  Munch,  med.  Wchnschr., 

'  Med.  Rec,  1899,  Iv.,  372.  1908,  Iv.,  26,  lysol. 

*Ibid.,  1899,  Ivi.,  241.  'Tauber:  Arch.  f.  exp.  P.  u.  P., 

=  /6id.,  1895,  xlviii.,  741.  1895,    xxxvi.,     197.     SoUman    and 

"Gross:  Fort  Wayne  M.  J.- Mag.,  Brown:    J.    Am.    M.    Ass.,     1907, 

1899,     xix.,     71.     Kelly:     Merck's  xlviii.,       1015.      Schall:      Ziegler  s 

Arch.,     1899,     i.,     441.     Pinkney:  Beitr.,  1908,  xliv.,  471;  sodium  sul- 

Amer.  Med.,  1901,  i.,  35S,     Ascher:  fate  by  hypodermoclysis,  death  in 

New  Orleans  M.  J.,  1903-4,  1.,  305.  3  hours. 

Burke:    New    York    M.    J.,    1904,  » Loc.  cit. 
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ments  on  animals,  claims  somewhat  better  results  with  sodium 
sulfite.  Kolar^  claims  great  antidotal  efficiency  for  atropin  hypo- 
dermically  administered,  and  reports  four  cases  of  recovery. 
Maberly^  recommends  the  administration  of  tincture  of  iodin  (tea- 
spoonful  to  cup  of  water),  and  reports  three  recoveries.  Warmth 
externally  (hot  bath  or  pack)  is  indicated  to  oppose  collapse.  Arti- 
ficial respiration  may  become  necessary.  Norten^  reports  a  case  in 
which  O'Dwyer's  method  was  successfully  followed,  the  stomach 
tube  being  introduced  with  the  laryngeal  tube  in  situ.  During 
the  period  of  unconsciousness  the  catheter  may  be  called  for. 
Post-mortem  Appearances. — When  carbolic  acid  or  lysol  has 
been  swallowed  the  stains  above  described  may  or  may  not  be 
found  upon  the  lips  and  about  the  face  and  chin.  They  may  be 
white,  lead-gray,  yellow,  or  brown  in  color.  Zillner*  reports  a 
case  in. which  this  tanning  of  the  skin  was  produced  post-mortem. 
Lesions  in  the  mouth  may  be  absent,  or  the  tongue  may  be  swol- 
len and  white,  or  hard  and  brown,  with  the  buccal  mucous  mem- 
brane of  similar  appearance.  The  oesophagus  is  white  or  gray, 
tough,  corrugated,  with  longitudinal  red  fissures.  In  one  case  it 
had  a  silvery  appearance  and  darkened  in  air,^  in  another  it  was 
intact,  although  the  mouth  and  stomach  were  corroded,'  in  an- 
other it  was  dark  gray  and  hardened  and  friable,'  and  in  an- 
other only  its  upper  part  was  corroded,  the  tissues  of  the  mouth 
and  stomach  not.'  The  gastric  mucous  membrane,  when  the 
action  has  been  intense,  is  more  or  less  uniformly  white,  gray- 
white,  yellow-white,  slate-colored  or  brown  red,  leathery  in  con- 
sistency, appearing  as  if  tanned,  with  haemorrhagic  spots,  and  the 
ruga?  prominent  and  partly  eroded,  the  subjacent  tissues  pulpy. 
In  one  case  it  was  almost  completely  converted  into  a  grayish- white 
eschar  with  reddish  streaks.'  Even  with  external  administration 
there  may  be  evidences  of  croupous  gastritis,^"  but  not  of  direct 
necrotizing  action.  The  gastric  contents  usually  have  a  pro- 
nounced carbolic  odor.  In  one  case  the  odor  was  perceptible  in 
the  kidney,  but  not  in  the  stomach."     The  changes  found  in  the 

'  J.  Am.  M.  Ass.,  1897,  xxix.,  1126.  '  Harrison:  Lancet,  1868,  ii.,  133. 

'  Lancet,  1907,  ii.,  293.  «  Langerhans:  Deut.  med.  Wchn- 

'  New  York  M.  J.,  1897,  Ixv.,  254.  schr.,  1893,  xix.,  269. 

*Wien.    med.    Wchnschr.,    1S79,  » Strassmann :    Vrtlischr.    f.    ger. 

™^.  !-■"!«■  Med.,  1S8S,  n.  F.,  xlviii.,  374. 

Cattell:  Proc.  Path.  Sec,  Phila.,  ■»  Gould:  Tr.  Clin.  Soc,  London, 

1897,  i.,  19.  1881,  xiv.,  201. 

"Gradwohl:    St    Louis    M.    Rev.,  "  Cattell:  Loc.  cii. 
1903,  xlvii.,  181. 
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stomach  are  continued  in  the  intestine,  extending  in  one  case  for  a 
distance  of  five  feet.'  The  stomach  contents  may  transude 
through  its  walls,  and  produce  a  cooked  appearance  in  the  adja- 
cent organs.^  The  lungs  are  congested,  sometimes  cedematous, 
and  in  cases  not  too  rapidly  fatal,  show  the  evidences  of  broncho- 
pneumonia, and  in  one  very  protracted  case  they  were  gangre- 
nous.^ In  cases  of  long  duration  the  kidneys  show  the  lesions  of 
htemorrhagic  nephritis.*  In  one  case  the  liver  was  large  and 
fatty. ^  The  urine  found  in  the  bladder  is  of  normal  color  in 
rapidly  fatal  cases,"  but  smoky-greenish  or  dark  in  those  of 
moderate  duration.'     The  blood  is  dark  and  fluid. 

Detection. — Probably  because  of  the  small  number  of  medico- 
legal investigations  of  phenol  poisoning  the  data  concerning  its 
distribution  in  different  organs  and  the  duration  of  its  detectability 
after  death  are  very  meager.  The  analyses  by  Bischoff  in  Lesser's 
series  of  cases^  give  some  indications,  but  they  would  have  been 
more  valuable  had  the  various  organs  been  examined  separately, 
rather  than  mixed,  as  they  were  in  most  of  the  cases.  In 
one  case  in  which  a  man  of  32  years  died  in  10  to  15  minutes  after 
having  swallowed  15  c.c.  of  the  concentrated  acid  the  following 
quantities  were  found:  In  242  gm.  stomach  and  intestines  711 
mgm.;  in  1,480  gm.  liver  637  mgm.;  in  322  gm.  kidney  201  mgm.; 
in  112  gm.  blood  25  mgm. ;  in  508  gm.  heart  186 mgm.; in  1,445  gm. 
brain  314  mgm. ;  in  12.5  gm.  urine  1  mgm.;  and  in  420  gm.  muscles 
traces.  But  as  the  autopsy  was  only  made  three  days  after  death 
the  influence  of  post-mortem  diffusion  cannot  be  estimated.  The 
results  in  a  series  of  three  cases  in  adults  are  comparable  so  far  as 
the  quantities  in  the  stomach  and  contents  are  concerned:  No. 
139,  death  in  30  minutes,  dose  15  c.c,  700  mgm.  in  398  gm.;  No. 
141,  death  in  75  minutes,  dose  15  c.c,  1,019.4  mgm.  in  471  gm.; 
and  No.  142,  death  in  8  to  9  hours,  dose  (?).,  2,200  mgm.  in  960  gm. 
These  results  show  no  relation  between  the  amounts  found  and 

'  Stucky:  Amer.  Pract.  and  News,  '  Barlow:  Lancet,    1869,  ii.,   404. 

1897,  xxiv.,  14.  Not  due  to  the  poisoning  as  death 

"  Sharkey :  Tr.  Path.  Soc,  London,  occurred  in  10  minutes. 
1883-4,    XXXV.,    191.     Haberda    u.  "  Allen:  Australas.  M.  J.,  1880,  n. 

Wachholz:  Ztschr.  f.  Med.-Beamte,  s.,  ii.,  116,  death  in  1  hour. 
1893,  vi.,  395.  '  Davies:    Lancet,    1890,    i.,    539, 

'Tennent:  Glasgow  M.J. ,  1870-1,  death  in  6  hours. 
iii.,  74.  »  Vrtljschr.  f.  ger.  Med.,  1898,  3 

'Wilkinson:  Ther.   Gaz.,   1892,   3  F.,  xv.,  277. 
s.,     viii.,     220.      Uyeno:     Ziegler's 
Beitr.,  1909,  xlvii.,  126. 
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either  the  dose  taken  or  the  duration  of  the  case,  except  that  with 
like  doses  a  larger  absolute  and  relative  amount  was  found  with 
the  longer  duration,  which  can  hardly  be  accepted  as  represent- 
ing the  condition  usually  obtaining.  In  one  case  (No.  147)  the 
autopsy  was  made  17  days  after  death  and  the  analysis  begun  in 
54  days,  and  459.1  mgm.  were  obtained  from  287  gm.  stomach 
and  contents,  and  394.5  mgm.  from  528  gm.  of  a  mixture  of  liver, 
spleen  and  kidneys.  This  would  indicate  that  phenol  is  not  rapidly 
affected  by  putrefaction.  Unfortunately  neither  the  dose  nor' 
the  duration  is  known,  the  girl,  a  suicide,  having  been  found  dead. 
The  largest  proportion  found  was  74.6  per  cent,  in  the  spleen,  in  a 
case  fatal  in  45  minutes,  and  the  next  largest  62.4  per  cent,  in  the 
kidneys  in  a  case  fatal  in  10  to  15  minutes.  Only  traces  were 
found  in  the  blood  in  cases  fatal  in  45  minutes,  8  to  9  hours  and  10 
hours. 

In  the  case  of  a  new-born  infant  which  died  in  a  few  hours 
after  application  of  a  rag  moistened  with  pure  phenol  to  the  navel, 
Reimann*  obtained  a  quantity  of  phenol  estimated  from  the  bulk 
of  the  bromin  precipitate  at  4  to  5  mgm.  from  the  liver,  kidneys  and 
spleen  together. 

In  a  "  Gutachten  "  on  a  case  in  which  a  man  had  died  in  about 
12  hours  after  having  received  1  gm.  of  phenol  internally  through. 
a  druggist's  error,  Lewin^  states  that  0.6595  gm.  had  been  sepa- 
rated from  the  stomach,  and  in  a  later  analysis,  after  an  exhuma- 
tion 11  days  after  death,  smaller  quantities  were  obtained  from 
the  kidneys,  liver  and  brain. 

In  the  case  of  a  girl  of  4  years  who  had  died  in  3*  to  4  hours 
after  having  received  an  enema  containing  carbolic  acid,  Modica' 
obtained  19.7  mgm.  from  the  contents  of  the  large  intestine,  12.6 
mgm.  from  the  large  intestine  and  rectum,  8.8  mgm.  from  45  gm. 
of  the  heart  and  large  vessels,  and  traces  from  the  urine  and  con- 
tents of  the  small  intestine.  Modica  also  refers  to  an  Italian  trial 
for  homicide  by  criminal  negligence  in  which  there  was  notable 
divergence  in  the  opinions  of  the  experts  as  to  whether  carbolic 
acid  administered  by  the  rectum  could  be  found  in  the  blood,  he 
declaring  for  the  affirmative.^     Hoppe-Seyler^  obtained  tribromo- 

'  Vrtljschr.  f.  ger.  Med.,   1S91,  3  *  See  also  Brugnoli:  Giorn.  int.  d. 

F.,  ii.,  63.  so.    med.,    1892,    n.    s.,    xiv.,    619. 

'Deut.    med.    Wchnschr.,    1898,  Pellacani:  Virch.-Hirsch  Jbt.,  1892, 

xxiv.,  245.  i.,  481. 

^  Gazz.  d.  osp.,  1907,  xxviii.,  1540.  =  Pflug.  Arch.,  1872,  v.,  477. 
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phenol  from  the  blood  after  death  following  inunction  with  car- 
bolic acid  for  scabies. 

Wandel'  in  the  case  of  a  girl  of  19  years  who  died  in  about  8 
hours  after  having  swallowed  an  unknown  dose  of  lysol,  obtained 
0.2018  of  cresols  per  100  from  1,100  gm.  of  liver,  0.1342  per  100 
from  86  gm.  of  spleen,  and  0.0038  per  100  from  76.5  of  kidney. 
In  another  fatal  lysol  poisoning  BlumenthaP  obtained  0.0632  of 
cresols  per  100  of  liver. 

Phenol  may  be  recovered  from  organs,  stomach  contents,  etc., 
either  by  distillation  or  by  extraction.  Therefore  in  the  general 
methods  it  appears  in  the  distillate  from  acid  solution  (p.  153), 
and  in  residue  II,  of  extraction  by  benzene  from  acid  solution 
(p.  160).  Usually  the  odor  affords  an  indication  which  warrants 
the  use  of  a  special  method. 

In  Landolt's'  distillation  method  the  hashed  material,  with 
sufficient  water,  is  placed  in  a  capacious  flask  or  retort,  acidulated 
with  sulfuric  acid,  and  distilled  in  a  current  of  steam.  With 
notable  quantities  of  phenol  the  earlier  distillate  is  a  cloudy  liquid 
with  oily  drops  floating  upon  it  and  having  the  carbolic  odor. 
Smaller  quantities  are  in  solution  in  the  aqueous  distillate.  The 
distillation  is  continued  so  long  as  a  sample  of  the  distillate  gives 
a  cloudiness  with  bromin-water.  The  distillate  is  agitated  with 
successive  portions  of  ether,  which  on  evaporation  leaves  the 
phenol  in  an  oily  condition. 

In  Jacobson  and  Dragendorff's  abbreviation*  of  the  extrac- 
tion method  the  hashed  material,  acidulated  with  sulfuric  acid, 
is  macerated  with  much  alcohol  24  hours,  filtered,  and  the  fil- 
trate concentrated,  either  by  evaporation  at  the  ordinary  tem- 
perature in  flat  dishes  or,  preferably,  by  distillation  in  vacuo. 
The  acid,  aqueous  liquid  is  agitated,  first  with  petroleum  ether 
to  remove  fats,  and  afterward  with  benzene,  which  on  evapora- 
tion leaves  the  phenol  as  an  oily  or  resinous  residue,  having  the 
carboHc  odor.  There  is  a  small  loss  by  the  slight  solubility  of 
phenol  in  petroleum  ether,  which  is  negligible. 

As  phenol  is  excreted  in  the  urine  in  its  sulfuric  and  glucu- 
ronic pairlings,  and  in  the  free  state  only  when  present  in  large 
amount,  the  distillation  method  should  be  resorted  to  with  the 

'Arch.  f.  exp.  P.  u.  P.,   1906-7,  =  Berichte,  Berl.,  1871,  iv.,  770. 

Ivi.,  177.  *  Ztschr.    f.    anal.    Chem.,    1887, 

"Deut.    med.    Wchnschr.,    1906,  xxvi.,  405. 
xxxii.,  1283. 
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urine  and  the  distillation  continued  until  half  the  bulk  of  the 
original  liquid  has  passed  over  to  ensure  hydrolysis  of  the  com- 
pounds. The  darkening  color  of  the  urine  affords  a  preliminary 
indication.  The  detection  of  small  amounts  of  phenol  or  cresols 
in  the  urine  is  of  no  toxicological  significance,  as  they  are  nor- 
mally present.  A  quantitative  determination  is  therefore  neces- 
sary. When  very  large  quantities  of  phenol  have  been  taken  a 
portion  may  escape  combination  and  appear  in  the  urine  in  its  own 
form.  In  that  event  the  urine  will  have  the  carbolic  odor,  and 
it  should  be  distilled  first  without  addition  of  sulfuric  acid,  and 
only  slight  acidulation  with  acetic  acid.  As  the  phenol  and 
orthocresol  normally  produced  in  the  body  do  not  appear  free 
in  the  urine,  the  detection  of  these  bodies  uncombined  therein 
indicates  introduction  from  without. 

Tests    for    Phenol. — 1.  The  characteristic  odor. 

2.  Landolt's  Reaction.^ — When  bromin  water  is  added  to  a 
solution  of  phenol  until  a  yellow  tint  persists  the  phenol  is 
separated  as  a  white  or  faintly  yellowish,  crystalline  precip- 
itate of  tribromophenol,  CJI^Bt^.OB.,  f.  p.  =  95°  (197°  F.). 
Other  phenols,  salicylic  acid  and  anilin  give  similar  precipitates, 
but  they  differ  in  form  and  in  fusing  points.     Limit,  1 :  50,000. 

3.  Millon's  Reaction. — Millon's  reagent^  when  warmed  with 
phenol  or  allowed  to  stand  with  it,  gives  an  orange-red  color. 
The  same  shade  of  color  is  given  by  cresols,  salicylic  acid  and 
hydroquinone.  Many  other  substances  give  various  shades  of 
red  or  red-purple  with  Millon's  reagent,  the  coloration  being 
attributed  to  the  presence  of  a  single  phenolic  hydroxyl,  but  the 
two  naphthols  give  a  yellow,  with  no  shade  of  red,  and  the  color 
with  hydroquinone  cannot  be  distinguished  from  that  with 
phenol.  Limit,  1  :  100,000.  Nasse'  recommends  an  aqueous 
solution  of  mercuric  acetate,  to  which  a  few  drops  of  one-per-cent. 
sodium  or  potassium  nitrite  solution  have  been  added  immedi- 
ately before  use. 

Plugge's  reaction,*  Hoffman's  tyrosin  reaction*  and  Almen's 

^  Loc.   cit.     Benedickt:    Berichte,  '  Pflug.    Arch.,    1900-1,    Ixxxiii., 

Berl.,  1879,  xii.,  1005.  361. 

"  Made  by  dissolving  mercury  in  *  Ztschr.  f.  anal.  Chem.,  1872,  xi., 

an    equal    weight    of    strong    nitric  173;  mercurous  nitrate  with  a  trace 

acid  warmed  at  first,  diluting  with  of  nitrous  acid, 

twice  the  volume  of  water,  and  de-  °  Liebig's    Ann.,     1853,    Ixxxvii., 

canting  after  settlement:  C.  r.  Ac.  124;  mercuric  nitrate  with  a  trace 

sc,  1849,  xxviii.,  40.  of  nitrous  acid. 
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reaction'  are  modifications  of  the  ^lillon,  with  formation  of  the 
same  color  and  reduction  of  mercury  on  boiling. 

4.  Liebermann' s  Reaction. — Phenol  treated  with  concentrated 
sulfuric  acid  and  then  with  Liebermann's  reagent^  is  colored 
at  first  brown,  then  green,  and  finally  blue.  On  addition  of  water 
a  brown  precipitate  is  formed. 

5.  Eykmann's  Reaction.^ — Add  a  few  drops  of  spirits  of  ni- 
trous ether  and  underrun  with  concentrated  sulfuric  acid;  a  red 
band  is  formed  at  the  junction.  The  reaction  is  also  produced 
by  salicylic    acid    and   by   albumin.     Limit,    1  : 2,000,000. 

6.  Deville's  Reaction. — A  very  dilute  solution  of  ferric  chlorid, 
without  excess  of  acid,  added  to  phenol  produces  a  blue-violet 
color.  The  reaction  is  interfered  with  by  mineral  acids,  am- 
monia, alcohol  or  excess  of  the  reagent.  A  blue  or  blue-violet 
color  is  produced  by  many  substances  containing  a  phenolic 
hydroxyl.*     The  test  is  not  very  delicate.     Limit,    1  : 3,000. 

7.  Berthelot's  {Lex's)  Reaction.^ — Sodium  or  calcium  hypochlorite 
warmed  with  phenol  in  presence  of  ammonia  produces  a  blue  color. 
The  test  is  best  applied  as  directed  by  Salkowski :  Add  \  volume 
ammonium  hydroxid  to  the  suspected  solution,  then  a  few  drops 
of  calcium  hypochlorite  solution  (1  :20)  and  warm,  not  to  boiling. 
With  large  amounts  of  phenol  the  blue  is  produced  immediately, 
but  more  slowly  with  lesser  quantities.     Limit,  1  : 4,000. 

Jacquemin's  modification'^  consists  in  the  addition  of  anilin 
and  then  of  sodium  hypochlorite  when  a  dark  blue  color  is  pro- 
duced, which  turns  to  red  on  addition  of  acids,  and  back  to  blue 
with  alkalies.  Neubauer  calls  attention  to  the  fact  that  certain 
anilin  salts  give  a  blue-violet  color  with  the  hypochlorite  alone. 
8.  Diazo  Reaction.'' — Ehrlich's  diazo  reagent**  produces  with 

'  Ztschr.    f.    anal.    Chem.,     1878,  Bull.  Soc.  chim.,  1874,  n.  s.,  xxi.,  8. 

xvii.,    106;    mercuric    nitrate,    boil,  Bodde:  Ztschr.  f.  anal.  Chem.,  1889, 

add  very  dilute    potassium  nitrite,  xxviii.,  712.     Salkowski:  Ibid:  1872, 

or  fuming  nitric  acid.  xi.,  316. 

^Made    by    dissolving    0.6    gm.  « J.  de  pharm.  et  de  chim.    1874, 

potassium  nitrite  in  100  gm.  concen-  xix.,    105;    Ztschr.   f.   anal.    Chem., 

trated  sulfuric  acid;  Berichte,  Berl.,  1876,  xv.,  367. 
1874,  vii.   248,806,1098.  'Penzoldt-Fischer:  Benchte,Berl., 

=  New  Remedies,    1882,   xi.,   340;  1883,  xvi.,  657,  where  the  reaction 

Ztschr.  f.  anal.  Chem.,   1883,  xxii.,  is  proposed  for  aldehydes. 
576.  'Two  solutions:  a.  Sulfanihc  acid, 

*See  p    985  5;     hydrochloric     acid,    50;     water, 

'Berthelot:'   Rep.     chim.     appl.,  1,000.  6.  Sodium  nitrite,  0.5;  water 

1839,  1.,  284.     Lex:  Berichte,  Berl.,  100.     For  use  add  6  c.c.  6  to  250 

1870,    iii.,    457.     See    also    Cotton:  c.c.  a. 
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phenol  a  brown-yellow  precipitate,  turning  deep-red  with  acids. 
Or  the  reaction  may  be  performed  thus:  Add  a  few  drops  of 
hydrochloric  acid  (twenty-five  per  cent.)  to  a  few  c.c  of  a  one- 
per-cent.  solution  of  anilin  hydrochlorid,  cool  strongly,  add  a 
few  drops  of  a  five-per-cent.  solution  of  sodium  nitrite,  render 
alkaline  with  fifteen-per-cent.  sodium  hydroxid  solution  and 
immediately  add  to  this  reagent  the  previously  alkalized  sus- 
pected solution. 

9.  Guareschi's  Reaction.^ — Warm  with  caustic  potash  and 
chloroform  and  dissolve  in  alcohol:  a  carmine-red  solution  of 
rosolic  acid  is  produced.  The  color  is  discharged  by  acids,  and 
returns  with  alkalies.  Resorcin  gives  the  same  reaction.  Limit, 
1:60,000. 

10.  Melzer's  Reaction.^ — Add  to  1  c.c.  of  the  liquid  examined 
2  c.c.  of  concentrated  sulfuric  acid  and  1  to  2  drops  of  benzoic 
aldehyde  and  heat  just  to  boiling.  The  liquid,  yellow-brown 
when  cool,  turns  dark  red  and,  if  the  quantity  of  phenol  present 
be  not  too  small,  deposits  a  red  resin.  Cool,  add  10  c.c.  water 
and  sufficient  twenty-per-cent.  caustic  potash  to  alkalize:  an 
intense  blue-violet  color  is  produced.  If  the  liquid  be  now 
acidulated  and  agitated  with  ether  the  pigment  is  extracted, 
and  the  residue  of  evaporation  of  the  ether  is  blue  with  alkalies, 
colorless  with  acids.  Orthocresol  gives  the  reaction  but  not 
the  other  phenols  usually  met  with.     Limit,  1 :  20,000. 

11.  Marquis'  Reaction. — Marquis'  reagent^  gives  brown, 
red  or  violet  colors  with  a  variety  of  alkaloids,  phenols  and  cyclic 
hydrocarbons.     With  phenol  it  gives  a  red  color. 

12.  Picric  Acid  Reaction. — If  the  quantity  of  phenol  sepa- 
rated be  not  too  small  it  may  be  converted  into  picric  acid,  2,  4, 6- 
trinitrophenol,  by  warming  the  substance  in  a  flask  with  reflux 
condenser  with  concentrated  nitric  acid  until  there  is  no  further 
action.  .The  product,  cooled  and  diluted  with  water,  is  ex- 
tracted with  ether,  which  on  evaporation  yields  yellow  crystals,  f .  p. 
=  122.5°  (252.5°  F.),  sparingly  soluble  in  water,  formirig  a  yellow 

'  Beriohte,   Berl.,  1872,  v.,   1055.  concentrated  sulfuric  acid:  Arb.  d. 

Raupenstrauch :     Ztsch.     f.     anal.  pharm.  Inst,  zu  Dorpat,  1895,  xii.. 

Chem.,  1889,  xxviii.,  711.  132.     Linker  Ber.  d.  deut.  pharm, 

=  Ztschr.    f.    anal.    Chem.,    1898,  Ges.,    1901,    xi.,    258.     Endemann: 

xxxvii.,  345.  Ztschr.    f.    anal.    Chem.,    1901,   xl., 

'Prepared     immediately     before  667.     Denigfes:   Pharm.   Jbt.,   1901, 

use  by  adding  2  drops  of  forty-per-  xxxvi.,  231.     Elias:  Ibid. 
cent,  formalin  solution  to  3  c.c.  of 
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solution  which  dyes  wool  yellow;  and  on  evaporation  after 
addition  of  ammonia  and  potassium  cyanid  leaves  a  dark-red 
residue. 

Other  reactions  for  phenol:  Manseau's^  with  ammonium 
hydroxid  and  tincture  of  iodin;  green.  Fiora's-  with  oil  of 
peppermint;  greenish-blue.  Candussio's^  with  potassium  fer- 
ricyanid  and  ammonia;  a  brown  precipitate.  Orlow's''  with 
uranium  acetate;  a  red  color.  Davy's^  with  sulfomolybdic  acid; 
yellow  to  brown,  to  brown-red  to  purple.  Polacci's^  with  sul- 
furic acid  and  potassium  dichromate;  brown  precipitate.  Wurs- 
ter's'  with  hydrogen  peroxid  and  a  little  hydroxylamin  hy- 
drochlorid  in  ammoniacal  phenol  solution;  a  blue  color.  Kastle's' 
with  saccharin  and  sulfuric  acid,  heated  to  160°-170°  (320-338° 
F.);  a  rose-red  color.  The  pine  shaving  reaction:  moistened 
with  sulfuric  acid  containing  a  trace  of  potassium  chlorate  and 
exposed  to  sunlight;  a  blue  color. ° 

AUen^"  proposes  to  distinguish  between  phenol,  cresols  and 
creosote  by  the  fusing  points  of  the  hydrates,  the  solubility  of 
phenol  and  cresols  in  glycerol,  1.258  per  cent.,  in  which  creosote 
is  insoluble,  and  by  the  fact  that  phenol  and  cresols  precipitate 
nitrocellulose  from  collodion,  with  which  creosote  forms  a  clear 
solution. 

Quantitative  Determination. — This  can  be  made  gravimet- 
rically  or  volumetrically.  In  either  case  the  distillation  methods 
above  described  are  carried  out  until  a  sample  of  the  distillate 
no  longer  gives  a  cloudiness  with  bromin  water.  An  aliquot 
part  of  the  mixed  distillate,  which  will  contain  cresols  as  well 
as  phenols  if  they  be  present  (lysol),  is  taken  for  the  quantita- 
tive determination,  the  sum  of  phenol,  plus  cresols,  being  gener- 
ally determined  as  phenol. 

In  Landolt's  gravimetric  method  bromin  water  is  stirred  in 
until  a  yellow  color  just  persists.  The  precipitated  tribromo- 
phenol  is  collected  on  a  weighed  hardened  filter,  dried  to  constant 

'  Bull.  Soc.  pharm.  de  Bordeaux,  '  Gazz.  chim.  ital.,  1874,  iv.,  8. 

1901,  xli.    117  '  Berichte,  Berl.,  1887,  xx.,  2935. 

'  Boll.  chim.  farm.,  1901,  xl.,  76.  Kuhl:  Pharm.  Ztg.,  1905,  1.,  1001. 

"Chem.  Ztg.,  1900,  xxiv.,  299.  »  Chem.  Ctblt.,  1906,  i.,  1575. 

*Pharm.J.,  1902,  xli.,  267.     Aloy:  »  Tomassi:  Berichte,   Berl.,   1881, 

Bull.  Soc.  chim.,  1905,  3  s.,  xxxiii.,  xiv.,  1834. 

614,  860.  "  Pharm.   Cthalle.  1879,  xx.,  65; 

"Ztschr.    f.    anal.    Chem.,    1879,  Ztschr.  f.  anal.  Chem.,   1880,  xix., 

xviii.,  292.  210. 
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weight  as  80°  (176°  F.),  and  weighed.  Tribromophenol  XO.2839 
=  phenol.'  There  is  a  source  of  plus  error  in  this  method, 
particularly  if  cresols  be  present,  from  the  formation  of  a  varying 
quantity  of  the  so-called  bromin  tribromophenol,  CgHjOBr.Brj, 
for  which  the  multiplier  would  be  0.3292.^ 

Another  gravimetric  method  has  been  proposed  by  Riegler,'  in 
which  phenol  is  weighed  as  paranitrobenzene-azophenol. 

Probably  the  best  of  the  volumetric  processes  is  that  of 
Kessler  and  Penny:*  Add  a  measured  quantity  of  N/10  potas- 
sium hydroxid  solution  until  the  reaction  is  strongly  alkaline. 
Warm  gently  to  60°  (140°  F.),  and  add  10  to  15  c.c.  more  of  N/10 
iodin  solution  than  has  been  added  of  the  N/10  potassium  hy- 
droxid solution.  Cool,  acidulate  with  dilute  hydrochloric  acid, 
and  titrate  free  iodin  with  N/10  sodium  hyposulfite  solution. 
Each  c.c.  of  N/10  iodin  solution  which  has  reacted  is  equivalent 
to  0.001567  phenol.  See  the  original  paper  for  details  of  the 
process,  which  must  be  closely  followed.  This  method  is  a 
modification  of  that  of  Messinger  and  Vortmann,^  which  in 
turn  is  one  of  that  of  Koppescharr,°  as  modified  by  Beckurts.' 
Another  volumetric  method  has  been  proposed  by  Bader,*  in 
which  phenol  is  titrated  by  N/10  sodium  hydroxid  solution,  using 
1,  3,  5  trinitrobenzene  as  an  indicator;  and  still  another  method 
by  Verley  and  Bolsing,^  in  which  phenol  is  esterified  by  acetic 
anhydrid  in  presence  of  a  trace  of  pyridin. 

NITROBENZENE. 

Pure  nitrobenzene,  CeHj.NOj,  a  pale-yellow,  oily  liquid,  sp. 
gr.  1.186,  b.p.  205°  (401°  F.),  insoluble  in  water,  very  soluble  in 
alcohol,  is  of  purely  chemical  interest.  The  commercial  product, 
manufactured  as  an  intermediate  in  obtaining  anilin  from 
benzene,  and  also  known  as  oil  or  essence  of  Mirbane,  is  a  mixture 
of  nitrobenzene    and    nitrotoluene,    CeH4CH3.N02,    in    varying 

'  Landolt,     Weinreb     u.     Bondi:  '^  Berichte,      Berl.,      1889,     xxii., 

Mntsh.    f.    Chem.,    1885,    vi.,    506.  2313;  1890,  xxiii.,  2753. 

Kleinert:    Ztschr.    f.    anal.    Chem.,  «  Ztschr.  f.  anal.  Chem.,  1876,  xv., 

1884,  xxiii.,  13.     Toth:  Ibid.,  1886,  253. 

XXV.,  162.  'Arch.    d.   Pharm.,    1886,   xxiv., 

'  Rumoff:      Ztschr.      f.     physiol.  570. 

Chem.,  1892,  xvi.,  220.  »  Ztschr.    f.    anal.    Chem.,    1892, 

'Chem.  Ctblt.,  1899,  ii.,  322,  xxxi,,  58. 

*  Ztschr.  f.  physiol.  Chem.,  1892,  "  Berichte,     Berl.,     1901,    xxxv., 

xvii.,  117.  3354. 
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proportions  according  to  the  use  for  which  it  is  destined.  It  is 
a  yellow  or  brownish  oil,  having  a  pronounced  odor  of  peach 
kernels,  and  a  sweet  taste.  It  is  used  in  the  anilin  industry, 
in  the  manufacture  of  explosives  and  of  shoe-blacking,  and, 
reprehensibly,  in  the  preparation  of  soaps,  perfumes,  and  even 
confectionery,  liqueurs,  and  flavoring  extracts,  under  the  mis- 
leading name  of  artificial  oil  of  bitter  almonds.  Its  chemical 
relationship  to  the  true  oil  of  bitter  almonds,  which,  when 
purified,  consists  essentially  of  benzoic  aldehyde,  C„H5.CH0, 
is  not  close. 

Poisonings  by  nitrobenzene  have  been  mostly  accidental. 
Of  96  reported  cases,  69  were  accidental,  14  suicidal,  9  to  procure 
abortion,  and  in  4  the  motive  was  not  stated.  So  far  as  we  can 
learn,  no  homicidal  case  has  been  reported. 

Several  accidental  poisonings,  only  one  of  which  was  fatal, 
have  resulted  from  inhalation  of  the  vapor  in  consequence  of  the. 
liquid  having  been  spilled  upon  the  clothing,^  by  bursting  of  a 
carboy,^  by  use  of  soap  scented  with  it  in  a  hot  bath,^  and  in 
chemical  operations.^  Operatives  in  anilin  works  are  subject  to 
both  acute  and  chronic  poisoning,  sometimes  due  to  inhalation 
of  vapors  of  nitrobenzene  alone,  sometimes  taking  the  form  of 
compound  nitrobenzene  and  anilin  poisoning.^  Linnosset^  and 
Sterne''  have  reported  poisonings  by  inunction  of  nitrobenzene 
to  cure  itch  or  destroy  vermin.  Stone*  has  described  the  fatal 
poisoning  of  a  young  man  resulting  from  his  having  dyed  the 
tan-colored  tops  of  his  shoes  with  a  blacking  containing  nitro- 
benzene, and  having  worn  them  to  a  dancing  party  before  they 
were  dry. 

'Letheby:  Clin.  Lect.  and  Rept.  liii.,     202;     Diss.,     Rostock,     1889, 

London  Hosp.,   1865,  ii.,  34;  Proc.  chronic,  60  cases  in  roburite  factory. 

Roy.  Soc,  1863,  No.  56,  550,  death  Bachfeld:  Ihid.,  1898,  3  F.,  xv.,  392, 

in  9  hours.     Wing:  Boston  M.  and  of  63  poisonings  in  an  aniUn  factory, 

S.  J.,  1872,  Ixxxvi.,  33,  2  cases.  8  by  nitro-benzene.     White:  Practi- 

'Posselt:  Wien.  med.  AVchnschr.,  tioner,  1889,  xliii.,  14;  Prov.  M.  J., 

1897,  xlvii.,  1378.  1892,  xi.,  462,  chronic,  compound,  50 

'Nicholson:  Lancet,  1862,  i.,  135.  cases.     Denig:  N.  Yorker  med.  Mnts- 

'Huber:      Virch.,      Arch.     1891,  chr.,   1903,   xv.,   31,   optic   neuritis, 

cxxvi.,  240,  2  cases.    Seitz:  Corr.-Bl.  Warfvige,    abstract  by  Husemann: 

f.  Schweiz.     Aerzte,  1891,  xxi.,  658.  Med.-chir.  Rundschau,  1892,  n.  F., 

'Reynolds:  Med.  Chronicle,  1889-  xxiii.,     407,     operatives    m    bellite 

90,  X.,   140,   acute.     Grandhomme:  factory. 

Vrtljschr.  f.  ger.  Med.,  1880,  n.  F.,  "  Union  med.,  1874,  xxvm.,  209. 

xxxii.,    286,    freedom    from    nitro-  '  Rev.  mM.  de  I'est,  1905,  xxxvn., 

benzene  poisoning  in  a  certain  ani-  444. 

lin  works.     Rohl:  Ibid.,  1890,  n.  F.,  *  J.  ^m.  M.  Ass.,  1904,  xlin.,  977. 
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In  the  other  accidental  cases  the  poison  was  swallowed.  In 
some  cases  it  was  taken  mixed  with  dilute  alcohol  as  a  beverage/ 
or  as  a  flavoring  agent  in  an  article  of  food.^  In  one  case  it  was 
put  by  a  child  into  its  mother's  coffee.^  In  concentrate'd  form 
it  was  swallowed  or  "tasted"  by  persons  using  it  in  their  trades,* 
by  persons  finding  whole  or  broken  bottles  or  carboys  containing 
it/  in  mistake  for  "liqueurs/'"  for  lemonade/  or  for  spirits/ 
or  for  oil  of  bitter  almonds/  by  a  child  in  consequence  of  adult 
negligence/"  by  pharmacists'  or  grocers' errors/'  by  drawing  it 
into  the  mouth  during  syphoning/^  as  a  cure  for  the  drink  habit/' 
by  the  advice  of  a  quack/*  and  "by  mistake"  not  otherwise 
specified.'^  One  case  may  have  been  accidental  or  suicidal." 
Dr.  Warren  Coleman  has  communicated  a  case  in  which  the 
administration  may  have  been  accidental  or  with  criminal  intent: 
A  man  went  into  a  saloon  at  the  noon  hour  and  asking  for  root- 
beer,  was  handed  a  glass  containing  a  darkish  liquid  from  under 


'  Bruglecher:  Aerztl.  Int.-BL, 
1875,  xxii.,  1.  Schumacher  u. 
Spangler:  Wien.  med.  Wchnschr., 
1875,  XXV.,  229.  Swederus:  Deut. 
Khn.,  1873,  xxv.,  382.  Bondi: 
Prag.  med.  Wchnschr.,  1894,  xix., 
129.  Jolin:  Hygiea,  1882,  xHv.,  339. 
Simerka:     Wien,     kl.     Rundschau, 

1901,  XV.,  545.     Griechow:  Schmidt's 
Jb.,  1894,  ccxliii.,  139. 

^Streeter:  Med.  Times,  1854,  n. 
s.,  ix.,  625. 

'Rothe:  Deut.  med.  Wchnschr., 

1902,  xxviii.,  137. 

*Dean:  Med.  Bull.,  1879,  i.,  50. 
Taylor:  Guy's  Hosp.  Rept.,  1864, 
3  s.,  X.,  192.  Barham:  CUn.  Lect. 
and  Rept.  Lond.  Hosp.,  1865,  ii., 
40.  Green:  Ibid.,  p.  39.  Mehrer: 
Wien.  med.  Presse,  1885,  xxvi.,  1. 
Hodson:  Lancet,  1891,  i.,  877. 
Dodd:  Brit.  M.  J.,  1891,  i.,  849 
(same  case  as  Hodson).  Courmont: 
Province  m6d.,  1897,  xi.,  436.  Jass- 
niger:  Wien.  med.  Wchnschr.,  1902, 
lii.,  378. 

^  Helbig:  Deut.  mil.-aerz.  Ztg., 
1873,  ii.,  36.  Lehmann:  Vrtljsohr. 
f.  ger.  Med.,  1870,  n.  F.,  xiii.,  41. 
Brennan:  Union  m6d.  du  Canada, 
1887,  n.  s.,  i.,  449.  Standhartner: 
Aerzt.  Ber.  k.  k.  K-H.,  Wien.,  1892, 
66.  Boas:  Deut.  med.  AVehnschr,, 
1897,  xxiii.,  817.  Ames:  Bost.  M. 
and  S.  J.,  1907,  clvi.,  203.    . 


°Tassi:  Bull.  d.  Ac.  r.  di  Roma, 
1881,  vii.,  364.  Kiemann:  Ber. 
Rudolph-Stift.,  1886,  297.  Mas- 
chka:  Vrtljschr.  f.  ger.  Med.,  1885, 
n.  P.,  xliii.,  14.  Reinsberg:  Virch.- 
H.  Jbt.,  1891,  i.,  522.  Kreuser: 
Med.    Corr.-Bl.    d.    Wurt.   A.-Ver., 

1869,  xxxix.,  343. 

'  Gergory:  Lancet,  1906,  i.,  1242. 

«  Vizard:  Lancet,  1906,  i.,  88. 
CoUamore,  quoted  by  Stone:  Loc. 
cit.  Inquest:  Med.  Rec,  1867-8,  ii., 
455 

»  Maser:  Med.  Rec,  1884,  xxv., 
711.  Bahrdt:  Arch.  d.  Hlk.,  1871, 
xii.,  320. 

"  Van  der  Meersch  and  De  Vis- 
scher:  Ann.  Soc.  m6d.  de  Gand,  1883, 
Ixi.,  158. 

"'  Buschow:  Diss.,  Berlin,  1887. 
Stevenson:  Guy's  Hosp.  Rept., 
1876,  3  s.,  xxi.,  371. 

'^Kreuser:  Med. Corr.-Bl. d. Wiirt. 
A.-Ver.,  1867,  xxxvii.,  207.  Letheby: 
Clin.  Lect.  and  Rept.  London  Hosp., 
1865,  ii.,  34. 

'''Treulich:   Wien.    med.    Presse, 

1870,  xi.,    224.     Arch.   d.  Pharm., 
1870,  cxcvii.,  257. 

"Muller:  Corr.-Bl.  f.  d.  Aerz. 
Oldenburg,  1865,  iii.,  165. 

'°  GrasseU  e  Giavoli:  Gazz.  d.  osp., 
1S94,  XV.,  138. 

"'Landerer:Virch.  Arch.,  1886,  cv., 
363. 
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the  bar;  he  arrived  at  the  hospital  in  about  15  minutes,  and  died 
there  of  nitrobenzene  poisoning  3^  hours  later. 

As  nitrobenzene  is  but  sparingly  soluble  in  dilute  alcoholic 
liquids  it  tends  to  sink  to  the  bottom  when  added  to  wine,  etc., 
in  bottles.  In  Schuhmacher  and  Spangler's^  case  a  boy  died  in 
10  hours  after  having  drunk  the  dregs  of  a  home-made  liqueur, 
the  upper  portions  of  which  he  had  previously  consumed,  when 
unshaken,  with  impunity.  Chassevant  and  Socquet^  report  upon 
the  death  of  a  young  girl  in  4  hours  after  having  drunk  the  bottom 
contents  of  a  bottle  of  wine  the  upper  part  of  which  had  been 
taken  by  her  grandfather  with  no  inconvenience. 

Of  the  14  suicides^  2  were  men,  and  11  women;  5  died  and  9 
recovered. 

Of  the  9  women  who  swallowed  nitrobenzene  for  the  purpose 
of  aborting  3  died,  one  in  6  hours,*  another  in  8  to  10  hours,^  and 
the  third  in  4  hours  after  the  beginning  of  symptoms;^  one  aborted 
in  two  days  and  recovered,'  the  others  recovered  but  did  not 
abort.* 

Duration. — Of  33  fatal  cases  in  which  the  duration  is  stated 
21  were  fatal  in  24  hours  or  less,  average  7  hours;  7  in  24  to  48 
hours,  average  30  hours;  and  5  in  periods  longer  than  48  hours. 
The  shortest  duration  was  3  hours  in  Brennan's^  and  Reinsberg's'" 
cases;  in  Maschka's  case"  death  occurred  in  3  hours  "after  begin- 
ning of  the  symptoms;"  in  Coleman's  case^^  in  3f  hours  after 
ingestion;  and  in  Helbig's"  and  Riefkohl's"  cases  in  4  hours.     In 


'  Wien.    med.    Wchnschr.,    1875,  427.         Mendelsohn:      Char.-Ann., 

XXV.,  229.  1885,  xii.,  205. 

^J.  de  m^d.  de  Paris,  1906,  2  s.,  "Schild:    Berl.    med.    Wchnschr., 

xviii.,  467;  Rev.  de  m^d.  16g.,  1906,  1895,  xxxii.,  187. 

xiii.,  286,  308.  '^  Lesser:    Vrtljschr.  f.  ger.  Med., 

'Bwald:     Berl.     kl.     Wchnschr.,  1898,  3  F.,  xv.,  290. 
1875,    xii.,    3,    2    cases.     Riefkohl:  «Howe:  Ztschr.  f.  Med.-Beamte, 
Deut.      Klin.,      1868,      xx.,      169.  1906,  xix.,  446. 
Schenck:     Vrtljschr.    f.    ger.    Med.,  '  Schild :  Loc.  cif. 
1866,  n.  F.,  iv.,  341.     Preyer:  "Die  *  Lesser,    Schild:   hoc.   cit.     Wer- 
Blausaure,"   ii.,   127,  sex  not  men-  muth:  Diss.,  Leipzig,  1906.     Wmter 
tioned.     Werner:     Berl.    kl.    Wchn-  nitz:  Munch,  med.  Wchnschr.,  1905, 
schr.,   1884,  xxi.,  58.     Litten:  76id.,  hi.,  574.    Lewinu.  BrennigC'Fruch- 
lSSl,  xviii.,  23.     Schild: /6id.,  1895,  tabtr.,"     p.    195),    who    cite    only 
xxxii.,    187,  2  cases.     Cissel:  Med.-  Schild's  cases,  give  7  cases  of  abor- 
chir.  Ctblt.,  1894,  xxiv.,  171.     Nie-  tion  provoked  by  salicylic  acid, 
werth:     Ztschr.     f.     Med.-Beamte,  ^  Loc.  cit. 
1907,  XX.,  825.     Pharm.  J.,  1907,  4  '«  Virch.-H.  Jbt.,  1891,  i.,  522. 
s.,  xxiv.,  308.     Ehrhch  u.   Linden-  "  Loc.  cit. 
thai:  Ztschr.  f.  kl.  Med.,  1896,  xxx.,  '=  See  pp.  1214,  1219. 
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Kreuser's  case'  the  patient  survived  25  hours;  in  Miiller's'  27 
hours;  in  Heijman's^  36  hours;  in  Collamore's^  2  days;  in  Pa- 
genstecher's^  2A  days;  in  another  case^  more  than  3  days;  in 
Tassi's"  4  days;  in  Boas'"  5  days;  and  in  Ehrlich  and  Lindenthal's 
very  exceptional  case  a  woman  suicide,  having  recovered  from 
a  dose  of  100  gm.  in  March,'  took  a  second  dose  of  100  gm.  on 
May  25,  and  died  suddenly  in  collapse  on  June  11,  i.e.,  17  days 
after  the  last  poisoning. 

Lethal  Dose. — In  only  25  of  the  reported  cases  is  the  dose 
taken  definitely  stated.  In  Collamore's  case'  it  is  said  that  the 
bottle  was  only  "touched  to  the  lips,"  yet  death  followed  in  48 
hours.  In  Barham's'  fatal  case  a  girl  of  13  years  is  said  to  have 
"merely  tasted"  nitrobenzene.  In  one  of  Letheby's  cases*  a 
boy  of  17  years  sucked  "  a  little  "  into  the  mouth  through  a  syphon 
and  immediately  spat  it  out,  but  died  in  9  hours.  A  clerk  in  a 
chemical  works  accidentally  swallowed  about  15  drops,  =  about 
0.6  gm.  (93  gr.),  of  nitrobenzene,  and  died  the  next  day.°  A  man 
died  in  8  hours  from  the  effects  of  5  gm.  (77  gr.),  swallowed  as  a 
cure  for  the  drink  habit.'"  In  Maschka's  case"  a  man  died  from 
the  effects  of  5  to  6  gm.  (77  to  93  gr.) .  In  Vander  Meersch  and  de 
Visscher's  case'  a  child  of  2  years  died  in  5  hours  after  5  gm.  had 
been  swallowed  by  accident.  In  Bruglocher's  case'  a  man  of  40 
years  swallowed  20  to  25  gm.  (5  to  6  gm.),  and  recovered.  In 
Werner's  case'  30  gm.  (7-^  gm.)  failed  to  cause  the  death  of  a 
female  suicide.  Cissel's  patient  recovered  after  having  swallowed 
100  gm.  (3|  oz.)  most  of  which  was  immediately  vomited.'^ 

Method  of  Action. — Although  nitrobenzene  diffuses  readily, 
and  when  injected  into  a  vein  it  produces  immediate  effects; 
when  it  is  taken  by  the  mouth  there  is  great  variation  in  the 
promptness  of  its  action  in  different  cases,  and  this  variation  can- 
not always  be  accounted  for  by  conditions  influencing  rapidity 
of  absorption. 

'  Loc.  cit.  same  case  as  that  cited  by  Letheby 

^  Cblt.  f.  inn.   Med.,   1902,  xxiii.,  {Loc.    cit.),  upon    the   authority  of 

583.  Green,  where   the   quantity  is  esti- 

^  Loc.  cit.  mated  at  8  to  9  drops. 
'  Diss.,  Wiirzburg,  1867.  '»  Arch.  d.  Pharm.,  1870,  cxcvii., 

=  Med.  Rec,  1867,  ii.,  455.  257. 
°  Loc.  cit.  i>  Loc.  cit. 

'Cissel:  Loc.  cit.  '^This   was   the   same  individual 

'  Loc.  cit.  who  was  later  the  subject  of  Ehrlich 

°  Pharm.  J.  and  Tr.,   1862,  n.  s.,  and  Lindenthal's  observation,  q.  v. 

iv.,   283.     This   appears   to   be  the 
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Nitrobenzene  acts  upon  the  blood  and  upon  the  central  ner- 
vous system.  It  deforms  some  of  the  blood  corpuscles  (nucleated 
erythrocytes,  etc.),  and  destroys  others,  the  liberated  hismoglobin 
being  converted  into  methsemoglobin,  and  also,  in  part,  into  a 
brown  derivative  related  to  acid  heematin.  These  communicate 
a  chocolate  color  to  the  blood,  which  gives  a  spectrum  containing 
the  methsemoglobin  band  and  another  to  the  right  of  it.  This 
destruction  of  erythrocytes  greatly  diminishes  the  oxygen  capac- 
ity of  the  blood,  whose  oxygen-content  may  fall  as  low  as  one 
per  cent,  (normal  seventeen  per  cent.),  causing  notable  dis- 
turbance of  metabolism  and,  as  the  blood  is  incapable  of  taking  up 
a  further  quantity  of  oxygen  by  contact  with  air,  leads  to  death 
by  asphyxia.'  The  action  of  metadinitrobenzene^  upon  the 
blood  is  the  same  in  kind  but  less  marked  than  that  of  the  mono- 
nitro  compound;  that  of  trinitrobenzene^  is  similar.  Paranitro- 
toluene  is  indifferent,  while  the  ortho  compound  behaves  like 
mononitrobenzene.*  Nitrobenzene  paralyzes  the  nervous  system, 
with  or  without  evidences  of  excitation,  which  may  appear  early 
in  the  history,  or  late,  even  at  the  termination  of  fatal  cases.'' 

Nitrobenzene  is  eliminated  in  its  own  form  in  the  urine," 
which  has  its  characteristic  odor.'  It  is  also  to  some  extent 
reduced  in  the  system  to  anilin,  which  is  in  turn  oxidized  to 
paraamidophenol,  which  appears  in  the  urine  in  the  form  of  its 
sulfuric  pairling.*  It  is  eliminated  by  the  lungs,  as  its  odor  was 
perceptible  in  the  breath  not  only  in  numerous  cases  in  which 

'  Letheby:  Clin.  Lect.  and  Rept.,  mann  u.  Strecker:  Friedreich's  BI. 

Lond.  Hosp.,  1865,  ii.,  2.     Starkow:  f.  ger.  Med.,  1896,  xlvii.,  241. 

Virch.  Arch.,  1871,  lii.,  464.     Judell:  =  Taylor:    Tr.    Path.    Soc.   Phila., 

Diss.,     Erlangen,     1876.      Filehne:  1895-6,  xviii.,  329. 

Arch.  f.  exp.  P.  u.  P.,  1878,  ix.,  329.  *  Bachfeld:  Vrtljschr.  f.  ger.  Med., 

Lewin:   Virch.  Arch.,    1897,   Ixxvi.,  1898,  3  F.,  xv.,  392. 

443.     Buschow:  Diss.,  Berlin,  1887.  =  Kreuser:  Med.  Corr.-Bl.  d.  Wiirt. 

Ehriich  u.  Lindenthal:  Ztschr.  f.  kl.  A.-Ver.,    1867,    xxxvu.,    207.     Van 

Med.,     1896,     xxx.,     427.     Posselt:  der   Meersch   et   De   Vischer:   Ann. 

Wien.  med.  Wchnschr.,  1897,  xlvii.,  Soc.  m6d.  de  Gand,  1883,  Ixi.,  158. 

1378.     Tirmann:  Gorbersd.  Veroff.,  » Standhartner:    Aerztl.     Ber.    d. 

1898,    ii.,     153.     Jassniger:     Wien.  k.-k.  K.-H.  zu  Wien,   (1890)   1892, 

med.    Wchnschr.,     1902,'   lii.,     378.  66.      Boas:  Deut.  med.  Wchnschr 

Mohr:  Deut.  med.  Wchnschr.,  1902,  1897,  xxiii.,  817.     White,  Hay  and 

xxviii.,      73.     Winternitz:      Munch.  Orsman:  Lancet,  1902,  i-,  393. 

med.  Wchnschr.,  1905,  lii.,  574.  'Ewald:     Berl.     kl.     Wchnschr 

'Rohl:     Diss.,     Rostock,     1889;  1875,   xii.,   3.     Litten:   Ibid.,   1881, 

Vrtljschr.  f.  ger.  Med.,  1890,  n.  F.,  xviii.,     23.     John:     Hygiea,     1882, 

liii.,     202.     Huber:     Virch.     Arch.,  xliv.,  339. 

1891,    cxxvi.,     240.     Schroeder    u.  «  Meyer:  Ztschr.  f.  physiol.  them 

Strassmann:  Vrtljschr.  f.  ger.  Med.,  1905,     xlvi.,     497.     MiJller:     Deut. 

1891,  3  F.,  i.,  Suplh.  138.     Strass-  med.  Wchnschr.,  1887,  xui.,  27. 
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it  was  swallowed,  but  also  in  Linnosset's^  and  Sterne's  ^  cases, 
and  in  the  former  for  four  days,  after  its  application  by  inunction. 
In  Reynolds'  case'  of  poisoning  by  inhalation  of  nitrobenzene 
vapor  the  expired  air  is  said  to  have  had  the  odor  of  anilin  oil, 
not  that  of  bitter  almonds.  The  occurrence  of  nausea  and  vomit- 
ing in  Linnosset's  case  would  also  indicate  elimination  by  the 
stomach. 

Symptoms. — The  interval  elapsing  between  the  ingestion 
and  the  first  manifestation  of  effects,  other  than  the  burning 
sensation  felt  in  the  lips,  mouth,  throat  and  stomach  when  the 
poison  is  swallowed  in  concentrated  form,  varies  greatly  in 
different  cases.  A  man  swallowed  a  mouthful  and  immediately 
felt  great  depression,  with  nausea  and  inclination  to  lie  down.* 
A  young  woman  committed  suicide  by  swallowing  an  unstated 
dose;  in  5  to  7  minutes  she  staggered,  spoke  but  one  word,  vom- 
ited repeatedly,  and  remained  unconscious  and  cyanotic  until 
she  died  in  18  hours. ^  An  aged  woman  was  poisoned  by  a  liqueur, 
becoming  unconscious  in  about  15  minutes,  but  recovering.*  In 
two  cases  an  hour  intervened,  once  after  a  dose  of  8  to  9  drops, 
which  caused  death  in  15  hours,'  and  once  after  a  dose  of  5  gm. 
(77  gr.),  which  was  fatal  in  27  hours.*  Once  no  effects  followed 
the  ingestion  of  7.8  gm.  (2  dm.)  for  l-\  hours,  and  the  man  re- 
covered." A  boy  of  7  years  swallowed  3  tablespoonfuls  of  the 
dregs  of  a  bottle  which  had  contained  a  mixture  of  nitrobenzene 
and  very  dilute  alcohol,  and  manifested  no  effects  for  3  hours, 
but  died  in  10  hours.'"  A  man  swallowed  5  to  6  gm.  (77  to  93  gr.) 
"in  the  afternoon,"  went  home  "towards  evening,"  was  appar- 
ently perfectly  well,  ate  and  drank  some  beer,  soon  afterward 
vomited  and  lost  consciousness,  and  died  in  3  hours  after  the 
first  symptom."  A  man  drank  "two  swallows"  of  essence  of 
Mirbane  in  mistake  for  whiskey  at  about  8  .^.  m.,  made  no  mention 
of  the  fact  until  10:30,  was  not  seriously  ill  until  after  1  p.  m., 

'  Union  m6d.,  1874,  xxviii.,  209.  '  Green  (Letheby) :  Clin.  Lect.  and 

'  Rev.  m^d.  de  Test,  1905,  xxxvii.,  Rept.  Lond.  Hosp.,  1865,  ii.,  39. 
444.  s  Muller:    Corr.-Bl.    f.    d.    Aerzte. 

^  Med.  Chronicle,  1889-90,  x.,  140.  Oldenburg,  1865,  iii.,  165. 

<  Mehrer:  Wien.  med.  Presse,  1885,  »  Hodson:   Lancet,   1891,  i.,   877. 

xxvi.,  1.  Dodd:  Brit.  M.  J.,  1891,  i.,  849. 

^Niewerth:       Ztschr.      f.      Med.-  '"Schuhmacheru.Spangler:  Wien. 

Beamte,   1907,  xx.,  825.  med.  Wchnschr.,  1875,  xxv.,  229. 

"Simerka:  Wien.  kl.  Runds.,  1901,  "  Maschka:  Vrtljschr.f.  ger.Med., 

XV.,  545.  1885,  n.  F.,  xliii.,  14. 
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and  died  at  3:50.'  A  man  "merely  tasted"  nitrobenzene, 
vomited  in  6  hours,  became  unconscious  in  7^  hours,  and  died 
in  10^  hours. 2  A  woman  of  24  years  took  10  drops  of  oil  of 
Mirbane  for  the  purpose  of  aborting,  and  only  8  hours  later  was 
suddenly  seized  with  jactitation,  and'  rapidly  became  deeply 
unconscious  and  cyanosed.  She  had,  however,  vomited  copiously 
soon  after  having  swallowed  the  poison.  No  mention  is  made 
of  her  having  aborted,  and  she  ultimately  recovered.^  Some- 
times the  effects  of  nitrobenzene,  particularly  the  cyanosis, 
are  observed  by  others  before  the  subject  becomes  conscious  of 
any  action.  A  soap  manufacturer  tasted  an  "almond  perfume" 
2  or  3  times,  and  after  remaining  at  his  factory  some  time  walked 
1/8  mile  to  his  home,  when  his  wife  noticed  a  black  appearance, 
first  of  one  ear  and  then  of  the  other.  The  man  felt  perfectly 
well  but  gradually  became  stupid,  and  then  completely  coma- 
tose.'' A  man  drank  nitrobenzene  out  of  curiosity  (Naschhaftig- 
keit)  and  his  associates  noticed  that  he  looked  badly  before 
he  felt  any  effect.  He  became  unconscious  in  2^  hours  and  died 
in  5  days.''  But  when  the  poison  is  swallowed  unexpectedly 
in  concentrated  form  the  victim  realizes  that  something  is  wrong, 
and  a  violent  psychic  effect  is  produced  which  may  be  attended 
by  acceleration  of  the  systemic  action.  Thus  in  Coleman's 
case  the  man  immediately  rushed  to  the  hospital,  where,  although 
the  stomach  was  washed  out  within  15  minutes  of  the  ingestion, 
he  became  deeply  cyanosed  and  violently  excited,  was  wild- 
eyed,  reeled  about,  struggled  and  shouted,  and  had  alternations 
of  lucid  intervals  with  periods  of  excitement  during  which  re- 
straint was  necessary." 

With  small  doses  headache,  nausea,  vertigo,  cyanosis  and 
somnolence  may  be  the  only  effects,  except,  if  the  small  quantity 
be  taken  in  concentrated  form,  a  burning  sensation  in  the  mouth 
and  throat.  On  the  other  hand,  in  cases  taking  a  peracute  form, 
whether  the  appearance  of  symptoms  have  been  delayed  or  not, 
the  patient  vomits,  becomes  suddenly  deeply  cyanosed  and  en- 
tirely unconscious  and  remains  in  a  comatose  condition,  without 


'  Vizard:  Lancet,  1906,  i.,  88.  *  Dean:  Med.  Bull.,  1879,  i.,  50. 

''Barham  (Letheby):   Loc.  ci<.,  p.  =  Boas:    Deut.    med.    Wchnschr., 

40.  1897,  xxiii.,  817. 

'  Winternitz:  Miinch.  med.  Wchn-  »  See  also:  Meyer:  Ztschr.  f.  phy- 

schr.,  1905,  lii.,  574.  siol.  Chem.,  1905,  xlvi.,  497. 
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other  manifestations  until  death  from  cardiac  failure  or  pulmo- 
nary oedema.'  One  of  Treulich's  patients,  after  vomiting  and 
suffering  abdominal  pain,  \yent  to  bed  and  was  found  dead  in 
the  morning;^  and  two  of  John's  went  to  sleep  in  a  few  hours, 
feeling  apparently  well,  but  one  was  found  dead  during  the  night, 
the  other  in  the  morning.^  An  early  and  very  general  symptom 
is  a  marked  cyanosis  of  the  skin  and  visible  mucous  membranes, 
the  color  blue-gray  or  slate-gray  to  almost  black.  In  fatal  cases 
the  cyanosis  persists  till  death,  increasing  in  depth  if  anything; 
and  it  has  been  known  to  persist  for  2,''  3,'  and  4^  days  in  non- 
fatal cases.  Nausea  and  vomiting  occur  early  in  the  majority 
of  cases  but  not  in  all,  and  the  vomit,  as  well  as  the  breath,  have 
a  pronounced  odor  of  bitter  almonds  or  peach  kernels.  The 
odor  exhaled  by  the  patient  may  be  sufficient  to  impregnate  the 
air  of  the  room;'  and  it  has  been  observed  to  persist  in  the  breath 
for  5,*  and  for  "several"^  days.  Vomiting  is  sometimes  very 
persistent,  and  accompanied  by  abdominal  pain.  If  the  patient 
do  not  soon  become  unconscious  there  are  jactitation,  nystagmus, 
spasms,  and  trismus  with  foaming  at  the  mouth,  but  in  fatal  or 
severe  cases  coma  and  collapse  ultimately  supervene,  the  cyano- 
sis persisting,  with  falling  temperature,  dilated  pupils,  and  paraly- 
sis of  the  rectum  and  bladder,  the  pulse  becoming  weaker  and 
more  rapid,  and  the  respiration  more  rapid  and  superficial,  with 
interruptions,  increasing  in  frequency.  Should  the  patient  re- 
cover the  respiration  first  improves,  with  pauses  at  greater  inter- 
vals, the  coma  becomes  less  deep,  the  patient  may  be  aroused, 
only  for  a  short  time  at  first,  and  consciousness  returns.  Head- 
ache, drowsiness,  attacks  of  vertigo,  and  blueness  of  the  face 
continue  for  some  days.  Convalescence  extends  over  10  to 
20  days. 

The  blood  is  chocolate-brown  in  color,  thick  in  consistence, 

'  Maschka:     Loc.     cit.     Riefkohl:  Bondi:  Prag.  med.  Wchnschr.,  1894, 

Deut.  Klin.,  18(iS,  xx.,  169.  xix.,  129. 

^  Wien.    med.    Presse,    1S70,    xi.,  ^Judell:  Loc.  cit.     Werner:  Berl. 

224.  kl.      AVchnschr.,      1SS4,      xxi.,     58. 

'  Hygiea,  1SS2,  xliv.,  339.  Bondi:  Prag.  med.  Wchnschr.,  1894, 

*Ewald:     Berl.     kl.     Wchnschr.,  xix.,  129. 

1N75,  xii.,  3.  9  Maser:    Med.   Rec,    1S.S4,   xxv., 

^  Id.,   ibid.     Thompson:    Brit.    M.  711.     The   reporter   wishes   to  cor- 

J.,  1S91,  i.,  SOI.  rect  the  statement  in  the  text-books 

°  Jiidell:  Diss.,  Erlangen,  1S76.  that    hydrocyanic    acid    is    rapidly 

'Dodd:  Brit.  M.  J.,  l.SOl,  i.,  ,S49.  eliminated. 
John:     Hygiea,     1,S82,     xliv.,     339. 
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has  the  odor  of  nitrobenzene/  coagulates  rapidly/  shows  the 
methsemoglobin  spectrum,  and  contains  deformed  erythrocytes. = 

The  urine  contains  nitrobenzene  and  exhales  its  characteristic 
odor/  is  sometimes  dark  from  the  presence  of  a  brown  pigment, 
and  contains  a  reducing,  non-fermentible,  Isevogyrous  substance.'^ 
Exceptionally  it  has  contained  albumin,  haemoglobin  and  met- 
haemoglobin.  Or  in  the  early  stages  of  the  poisoning  and  in 
rapidly  fatal  cases  it  may  present  no  abnormality. 

Among  the  symptoms  exceptionally  observed  the  following 
may  be  noted:  In  a  protracted  case  of  death  in  17  days  from 
the  effects  of  100  gm.  the  cyanosis  disappeared  and  the  patient 
became  icteric  on  the  tenth  day.^  In  the  early  periods  of  two 
non-fatal  cases^  the  pupils  were  contracted;  and  in  a  fatal  case, 
although  dilated,  they  became  smaller  shortly  before  death.  ^ 
Amblyopia,  common  in  chronic  anilin  and  dinitrobenzene  poison- 
ing, has  also  been  observed  in  acute  nitrobenzene  poisoning.' 
In  one  case  there  was  ataxia,  with  disturbance  of  vision  and 
numbness  of  the  legs,  only  differentiated  from  the  ataxia  of  tabes 
by  the  retention  of  the  patellar  reflex.^"  In  a  man  who  recovered 
extensive  urticaria  of  the  scalp,  trunk  and  extremities  appeared 
on  the  third  day.'*  In  a  case  fatal  in  4  days,  from  the  effects  of 
40  gm.,  there  was  a  remission  on  the  morning  of  the  last  day, 
followed  by  a  chill,  convulsions  and  death  in  the  afternoon.  ^^ 
The  death  of  a  child  of  2  years  in  5  hours  from  the  effects  of 
5  gm.  was  also  in  convulsions/^  and  a  man  died  in  25  hours  in  an 
opisthotonic  spasm.*'' 

'First  observed  by  Preyer  ("  Blau-  Boas:  Deut.  med.  Wchnschr.,  1897, 

saure,"   1868,  p.  127)  during  life  in  xxiii.,  817.     Wermuth:  Diss.,  Leip- 

a  suicide.     Casper  (Vrtljschr.  f.  ger.  zig,  1906. 

Med.,  1859,  xvi.,  1)  had  called  the  "  EhrHch   u.    Lindenthal:   Ztschr. 

attention    of    toxicologists    to    the  f.  kl.  Med.,  1896,  xxx.,  427. 

danger   of   mistaking  this  odor  for  '  Litten:     Berl.     kl.     Wchnschr., 

the    practically     identical     one     of  1881,   xviii.,   23.     Hodson:   Lancet, 

hydrocyanic  acid.  1891,  i.,  877. 

'Tassi:  Bull.  d.  Ac.  r.  di  Roma,  '  Vizard:  Ibid.,  1906,  i.,  88. 

1881,  vii.,  364.     In  Coleman's  case  '  Denig:  N.  Yorker  med.  Mntschr., 

the  coagulation  times  were  observed  1903,  xv.,  31. 

to  vary:  1  min.;  1  min.;  45  sec;  and  "  Bachfeld:  Vrtljschr. f. ger.  Med., 

2  to  3  min.  1898,  3  F.,  xv.,  392. 

'See  p    1217  "  Dean:  Med.  Bull.,  1879,  i.,  50. 

'Seep    1217  '"Tassi:  Bull.  d.  Ac.  r.  di  Roma, 

=^Ewald:     Berl.     kl.     Wchnschr.,  1881,  vii.,  364. 

1875,  xii.,  3.     Von  Mering:  Maly's  "  Van    der  Meersch    et    De  Vis- 

Jbt.,  1875,  v.,  61.     Jaffe:  Ztschr.  f.  cher:  Ann.     Soc.     m^d.     de     Gand, 

physiol.     Chem.,      1878,      ii.,      47.  1883,  Ixi.,  158.               ^         „,        . 

Standhartner:  Aerztl.   Ber.  d.  k.-k.  » Kreuser:     Med.     Corr.-Bl.      d. 

K.-H.   zu   Wien,    (1890)    1892,    66.  WUrt.  A.-Ver.,  1867,  xxxvu.,  207. 
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Treatment. — If  the  poison  have  been  swallowed  the  first  in- 
dication is  to  wash  out  the  stomach,  but  should  the  attempt  at 
lavage  dangerously  deepen  the  cyanosis  an  emetic  maybe  resorted 
to.  Excitement  may  be  controlled  by  inhalation  of  chloro- 
form, and  respiratory  failure  by  inhalation  of  oxygen.  Vene- 
section and  infusion  of  normal  salt  solution  are  called  for  by  the 
condition  of  the  blood,  which  may  also  impede  infusion  by  rapid 
coagulation. 

Post-mortem  Appearances. — Post-mortem  rigidity,  particu- 
larly of  the  masseters,  is  sometimes  marked.  The  surface  is 
gray  or  blue,  and  the  livores  more  numerous  and  darker  than 
usual.  In  Lesser's  case,  however,  the  livores  are  described  as 
having  been  pale  red,  a  condition  which,  along  with  the  odor,  would 
support  the  supposition  of  hydrocyanic  poisoning  were  it  not  for 
for  other  factors  of  the  case."^  A  more  or  less  intense  odor  of 
peach  kernels  is  perceived  (sometimes  from  the  intact  cadaver) 
on  opening  the  abdominal,  thoracic  and  cranial  cavities,  or  on 
superficial  incision.  This  odor  was  well  marked  in  an  autopsy 
made  four  days  after  death,  the  victim  having  died  in  9  hours.- 
It  also  persists  much  longer  than  the  similar  odor  of  hydrocy- 
anic acid  when  the  viscera  are  exposed  to  the  air.  All  of  the 
abdominal  and  thoracic  viscera  and  the  brain  are  intensely 
congested,  with  minute  hemorrhages  in  the  brain,  pleurae,  pericar- 
dium, spleen,  kidneys  and  liver.  The  gastric  and  duodenal 
mucous  membranes  are  also  diffusely  reddened.  The  blood,  if  ex- 
amined soon  after  death,  shows  the  changes  above  referred  to.' 

Detection. — In  Dubois'  analysis  of  the  viscera  of  a  child 
which  died  in  5  hours  from  the  effects  of  5  gm.  nitrobenzene 
was  detected  in  the  stomach  and  intestines,  but  not  in  the  liver.* 
In  John's  analyses  in  three  fatal  cases  nitrobenzene  was  detected 
in  two  in  which  death  had  occurred  during  the  night  following 
the  ingestion,  but  no  absolute  result  was  obtained  in  the  third  in 
which  death  had  occurred  on  the  succeeding  daj'.  He  attributes 
this  failure  to  a  fermentative  decomposition  in  acid  solution.  The 
contents  of  the  other  jars  were  alkaline  and  retained  a  strong 

"  Vrtljschr.    f.    ger.    Med.,    1S9S,  the     latter     cyanogen-free     oil  .of 

3  F.,  XV.,  294.     See  also  p.  815.     In  bitter  almonds, 

this    case    the    woman    purchased  ^Ewald:     Berl.    kl.     Wchnschr., 

two   samples   of   "oil   of   bitter   al-  1875,  xii.,  3. 

monds"    on   two   succeeding   days:  'Seep.  1217. 

the  first  of  which  was  nitrobenzene,  '■  Ann.  Soc.  m6d.  de  Gand.,  1883, 

Ixi.,  158. 
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odor  when  opened  in  over  two  months,  while  the  odor  had  com- 
pletely disappeared  from  that  in  acid  medium. '  In  Lesser's  case  of 
death  in  14  hours  Bischoff  detected  nitrobenzene  in  the  stomach, 
blood  and  a  mixture  of  liver,  spleen  and  kidneys,  but  not  in  the 
urine.  ^ 

Sometimes  nitrobenzene  remains  in  the  stomach,  vomit  or 
lavage  water  in  substance,  when  it  appears  as  yellowish  oily 
drops  which  sink  through  and  do  not  dissolve  in  water.  These 
may  be  further  identified  by  Morpurgo's  reaction:^  Place  2 
drops  liquefied  phenol  in  a  porcelain  dish,  and  3  drops  water  and 
a  small  fragment  of  solid  caustic  potash,  heat  to  boiling,  and 
add  the  suspected  substance.  On  continued  boiling  a  carmine- 
red  color  is  produced  at  the  borders,  which  changes  to  emerald- 
green  on  addition  of  saturated  chloride  of  lime  solution. 

Nitrobenzene  can  be  separated  from  stomach  contents,  hashed 
viscera,  etc.,  either  by  extraction  with  ether  or,  preferably, 
by  distillation  with  steam,  and  extraction  of  the  distillate  with 
ether,  in  precisely  the  same  manner  as  directed  for  phenol  (p. 
1207) .  The  final  residue  contains  the  yellowish,  oily  nitrobenzene, 
having  the  peach-kernel  odor. 

To  certainly  distinguish  this  from  benzoic  aldehyd  (oil  of 
bitter  almonds)  which  has  the  like  physical  properties,  it  is 
converted  into  anilin  by  reduction  by  nascent  hydrogen:  C5H5- 
N02+3H2  =  CeH5NH2-l-2H2O.  This  is  effected  by  solution  in 
alcohol  and  addition  of  zinc  dust  and  a  few  drops  of  dilute  hydro- 
chloric acid.  After  the  action  has  continued  for  about  half  an 
hour  the  mass  is  supersaturated  with  caustic  soda  and  repeat- 
edly extracted  with  ether.  The  tests  for  anilin  are  applied  to 
the  residue  of  evaporation  of  the  ether: 

Add  solution  of  calcium  or  sodium  hypochlorite,  not  in  ex- 
cess;   a   purple-violet    color,    gradually    changing   to    dirty-red. 

Mix  with  concentrated  sulfuric  acid,  and  add  a  little  sodium 
dichromate  solution;  a  fine  blue  color  which,  on  dilution  with 
water,  passes  to  violet. 

With  a  nitrate  and  sulfuric  acid;  a  red  color. 

Bromin-water  produces  a  flesh-colored  precipitate  in  aqueous 
solutions. 

■  Hygiea,  1882,  xliv.,  339.  =Pharm.  Post,  1890,  xxiii.,  258. 

^  Vrtljschr.    f.    ger.    Med.,    1898, 
3  F.,  XV.,  290. 
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influence  of  concentration  of,       234 

lethal  dose  of, 234 

stains  by, 271 

tests  for,      263,  266 

mixed, 307 

of  acetic  series, 790,  791 

vegetable, 789 

AcoiN, 896 

AcoNiN, 847 

Aconite  (see  Aconitic  poisoning),      847 

lethal  dose  of, 854 

Aconitic  Poisoning  (see  Aconite,  Aconitin),      850 

duration  of, 856 

method  of  action,       857 

post-mortem  appearances  after,      861 

statistics  of, 850 

symptoms  of, 857 

treatment  of,      861 

Aconitin, 847,  848 

detection  of,       862 

lethal  dose  of, 854 

AcoNiTiNES,  commercial, 849 

AcONITDM,      847 

"acquetta," 21 

Action  of  Corrosives, 89 

circumstances  modifying, 91 

local,        89 

remote, 90 

Action  of  Poisons,      89 

circumstances  modifying, 91 

continued,        98 

cumulative, 98 

influence  of  age  upon, 96 

conditions  of  health  upon, 96 
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Action  OF  Poisons,  influence  of  habituation  upon, 100 

idiosyncrasy  upon, 99 

intolerance  upon, 99 

liver  upon,       101 

quantity  upon, 92 

race  upon, 94 

local, 89 

remote, 90 

Administration  of  Poisons, 52,  65,  431 

Adonidin, 1081 

jEsculetin, 937 

jEsculin, 937 

^THUSA  Cynapium,      934 

Age  in  Relation  to  Poisons, 96 

Akazgin, 1014 

Alkalies, 151 

analytical, 325 

corrosion  by,       315 

causation  of, 315 

diagnosis  of, 316 

duration  of, 316 

post-mortem  appearances  after, 322 

prognosis  of,        316,  321 

statistics  of, 315 

symptoms  of, 316 

treatment  of,      321 

detection  of, 325 

mineral, ISI7  314 

Alkaloidal  Poisons, ^^^ 

Alkaloids  (see  Process,  Reaction,  Reagent,  Test),     .    .    155,  165,  176,  845 

general  reagents  for,      I'^S 

mydriatic,        °"'^ 

nomenclature  of, °^" 

quantitative  determination  of, ^^^ 

Allantiasis,      ■^■'^'^'■ 

Alum,      ^''^ 

Alypin,       ^^^ 

Amanita  Phalloides,      ° 

Ammonia, ^^^ 

analytical, ^^^ 

328 
intoxication  by, 

duration  of, 

post-mortem  appearances  after, 

prognosis  of,        

statistics  of, 

331 
symptoms  of, 

treatment  of,      

lethal  dose  of, ^^" 
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Ammoniatbd  Merctjey,       736 

Ammonium  carbonate,      326 

hydroxid, 326 

Amygdalin, 792 

An^sthetin,      896 

Analysis  (see  Examination,  Reaction,  Reagent,  Test),     .    .     132,  146,  151 

Anilin, 1061 

Animal  Poisons, 225,226,  1100 

Antagonism  OP  Poisons, 117 

Antiarin,       1081 

Antidotal  Action  of  System,       103 

Antidotes, 112,  117 

chemical, 113 

historical, 9 

physical,      112 

physiological, 117 

to  prevent  absorption  of  poisons, 112 

Antimonial  Poisoning   (see  Tartar  emetic,  Antimony,  Poisons),   .    .  345 

Antimonials,  non-official,       349 

official, 349 

used  in  the  arts, 351 

Antimony  (see  Tartar- emetic),       345 

acids, 348 

butter  of,  ■ 348 

chemistry  of,       346 

detection  of, 372 

distinction  from  arsenic  in  Marsh's  test, 616 

in  Reinsch's  test,       601 

Marsh's  test  for, 604 

method  of  action  of, 365 

non-official  medicines  said  to  contain, 349 

pharmacy  of,      346 

pharmaceutical  preparations  containing, 349 

proprietary  medicines  containing,       349 

quantitative  determination  of, 379 

reactions  of, 377 

Reinsch's  test  for, 599 

separation  from  arsenic,        372 

tin,        372 

tetroxid,      348 

trichlorid, 348 

detection  of , 352 

intoxication  by, 351 

post-mortem  appearances  caused  by, 352 

symptoms  caused  by, 351 

trioxid, 347 

trisulfid 348 

Apoatropin,      865 
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Apocynin,      1081 

Aqua  Toffana, 22 

Arrhenal, ■ 590 

Arsenates,  poisoning  by, 586 

Arsenetted  Hydkogen  (see  Hydrogen  arsenid),            387 

Arsenic  (see  Arsenic  trioxid,  Forensic  questions), 

absorption  of, 522 

analytical, 593 

antidote  for, 490 

Bettendorff's  test  for, 620 

biochemical  test  for,      620 

cemetery, 567 

Chittenden  and  Donaldson's  test  for, 594 

cupric  sulfate  test  for,       623 

distinction  from  antimony  in  Marsh's  test, 616 

Reinsch's  test, 601 

distribution  of, 529,  572 

qualitative, 573 

quantitative,       576 

eating, 513 

elementary, 382 

elimination  of, 546 

flowers  of, 396 

form  of,  after  death, 572 

Fresenius  and  von  Babo's  test  for, 597 

Gautier's  test  for,      594 

Gosio's  test  for,      620 

Gutzeit-Fluckiger's  test  for, 618 

habit,  as  a  defense, 518 

how  administered, 431 

Igefski  and  Nikitin's  test  for,      596 

imbibition  of, 567,  574 

in  baking  soda,       ' "^^^ 

in  bismuth  subnitrate  or  subcarbonate, 427 

in  Epsom  salt, 430 

in  fly  papers,       

in  glycerol,      431 

in  grave-clothes, ^' 

in  medicines,       

in  natural  waters,      ■.   ■    ■ 

m  ornaments, 

in  preparations  of  iron, 

in  rat  poisons, 

in  sodium  sulfate,      

-    'J.                 •     o                                                                                 .    .    -  48o 

IS  it  a  corrosive? 

Justus'  test  for,      

lethal  dose  of, _ 

Mai  and  Hurt's  test  for, 
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Arsenic,  method  of  action  of, 483,  572 

Neumann's  test  for,       596 

normal,    .    ! 558 

organic  compounds  of, 587 

oxidation  of,  in  body,       572 

pharmaceutic  preparations  of, 410 

quantitative  determination  of, 623 

reduction  test  for,      623 

Schlikum's  test  for,        620 

separation  of,  by  Chittenden  and  Donaldson's  method,     ....  594 

by  Fresenius  and  von  Babo's  method,       597 

by  Gautier's  method, 594 

by  Igefsky  and  Xitkitin's  method, 596 

by  Neumann's  method, 596 

by  Schneider  and  Fyfe's  method, 593 

by  Strzyzowski's  method, 597 

silver  nitrate  test  for, 622 

Strzyzowski's  test  for, 597 

test  for,  by  ammonio-cupric  sulfate, 623 

by  ammonio-silver  nitrate,       622 

by  Bettendorff's  method, 620 

by  biochemical  method, 620 

by  Gosio's  method, 620 

by  Gutzeit-FIuckiger's  method, 618 

by  hydrogen  sulfid, 598 

by  Justus'  method 622 

by  Mai  and  Hurt's  method, 626 

by  Marsh's  method,       604 

by  reduction  method, 623 

by  Reinsch's  method, 599 

by  Schhkum's  method, 620 

tests  for, 598 

tolerance  of, 513 

undertakers',       565 

white  (see  Arsenic  trioxid),      394 

Arsenic  Trioxid    (see  Arsenic,  Arsenical  poisoning), 394 

crystalline  form, 395 

lethal  dose  of, 434 

poisoning  by,      410 

porcelainous,       395,  396 

properties  of,      394 

solubihty  of,       402 

taste  of, 400 

vitreous,      395 

Arsenic  Trisulfid,      584 

Arsenical  Greens,  accidental  poisoning  by,      580 

homicides  by, 578 

poisoning  by,      577 
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Absenical  Greens,  suicides  by, 580 

Arsenical  Poisoning, 410 

accidental,       41g 

by  external  application, 433 

by  glucose,      418 

by  inhalation, 433 

by  mass  poisonings 417 

by  mistakes,  negligence,  or  misadventure, 417 

by  mother's  milk,      421 

by  rat  poisons,       422 

by  rectal  injection, 431 

by  vaginal  administration, 432 

homicidal,        412 

industrial, 424 

medicinal, 424 

mummification  after, 502 

origin  of, 410 

post-mortem  changes  after, 502 

statistics  of, 410 

suicidal, 415 

Arsenical  Poisonixg,  Acute,       434 

absence  of  symptoms, 465 

diagnosis  of, 477 

from  acute  gastritis 477 

from  Asiatic  cholera, 480 

from  cholera  morbus,  or  cholera  nostras,      482 

from  enteritis, 477 

from  gastro-enteritis, 477 

from  ileus, 483 

from  intussusception, 483 

from  peritonitis, 482 

duration  of, 445 

intermission  of  symptoms  in,       464 

interval  before  appearance  of  symptoms,      445 

lethal  dose, 434 

mode  of  death  in,       476 

period  until  death, 452 

post-mortem  appearances  after,      491 

sequence  of  symptoms, 463 

symptoms  of, 457 

in  gastro-enteric  form,      457 

in  narcotic  form, 460 

in  subacute  form,       462 

unusual,      470 

temperature  in,      469 

treatment  of,      490 

urine  in,      469 
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Arsenical  Poisoning,  Chronic, 507 

by  repeated  doses, 508 

symptoms  of,      509 

Arsenical  Poisons   (see  Arsenic  Hydrogen  arsenid.  Arsenical  greens. 

Arsenical  poisoning), 381 

Arsenophagia,      513 

Arsin  (see  Hydrogen  arsenid), 387 

Arsykodile,       587 

Aesynal, 590 

Artificial  Respiration, 114 

aspidosamin, 1061 

AspiDosPERMiN,  test  for,      1060 

Atisin, 848,  1078 

Atoxyl,      590 

Atropa  belladonna,       863 

group,      863 

Atropamin, 865 

Atropic  Poisoning,  duration  of, 872 

method  of  action,       874 

post-mortem  appearances  after,      883 

statistics  of, 866 

symptoms  of,      876 

treatment  of,      882 

Atropic  Poisons,  detection  of, 884 

lethal  dose  of, 873 

Atropin  (see  Atropic  poisoning),       864 

detection  of, 884 

elimination  of, 881 

lethal  dose  of, 873 

tests  for,      884 

Auric  Chlorid, 169 

Autointoxication,      215 

Autopsy, 133,  135 

by  whom  and  how  conducted, 134 

AZOMETHANB, 791 

Bacteria, 56,  1100  et  seq. 

Barium,  compounds  of, 682 

poisoning  by,      682 

analytical, 685 

duration  of, 682 

elimination, 684 

lethal  dose, 683 

method  of  action,      683 

post-mortem  appearances  after,      684 

statistics  of, 682 

symptoms  of,      684 

treatment  of,      684 
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Battery  Fluid, 312,701,702 

Beaver  Poison, 93q 

Belladonin,      8QQ 

Belladonna,  lethal  dose  of,       873 

poisoning  by  (see  Atropic  poisoning) 

Benzophenol,  . 1185 

Benzoylaconin,        847 

Benzoyl-ecgonin, 896 

BiBLIOGROPHY,         30 

Bismuth,  compounds  of, 686 

-potassium  iodid,       168 

subnitrate,  arsenic  in,        427 

Bitter  Almonds,      792 

oil  of,       794 

Black  Drop, 947 

Blank  Testing, 182,  221 

Bleaching  Powder, 336 

Blood,  appearance  of,  in  poisoning,      142 

examination  of,      142 

Body,  position  of,      132 

surroundings  of, 132 

Borates,  detection  of,  in  organic  mixtures, 312 

BORGIAS, 19 

Boric  Acid, 311 

detection  of,  in  organic  mixtures, 312 

Botulism,       1101 

Brain,  appearance  of,  in  poisoning, 143 

Brinvilliers, 22 

Bromidia, 1177 

Bromin, 336 

detection  of,   ... 338 

toxic  effects  of, 336 

Brucin,       1013 

tests  for,      1066 


Cadaver,  presence  of  poison  in, 146 

Cadmium-potassium  Iodid, 1"' 

Calcium  monoxid, 314 

oxalate, ^^^ 

Calomel, '^^^ 

poisoning  by,      ^^7 

Camphor, 1"*^^ 

1113 
Cantharides, 

poisoning  by,      J^J 

post-mortem  appearances  after,      m^ 

symptoms  of, 

treatment  of,      

IV.— 78 
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Cantharidin, 1113 

detection  of, 1115 

Carbolic  Acid  (see  Phenol), 1185 

Carbolineum, 1186 

Carbon  Monoxid, , 1116 

detection  of, 1131 

lethal  dose  of, 1121 

method  of  action  of, 1122 

poisoning  by,      1116 

duration, 1121 

post-mortem  appearances  after,      1129 

symptoms  of,      1126 

treatment  of,      1128 

quantitative  determination  of, 1139 

Cedar,  oil  of, 1095 

Cemetery  Arsenic,      567 

Cevadin, 1073 

Chambre  Ardente,      24 

Cheese,  poisoning  by,      1110 

Cherry-laurel  Water,      795 

Chloral, 1176 

detection  of, 1182 

hydrate,       1176 

lethal  dose  of, , 1178 

method  of  action  of, 1179 

of  elimination  of,        1179 

poisoning  by,      1176 

duration  of, 1179 

post-mortem  appearances  after,      1181 

statistics  of, 1177 

symptoms  of,      1180 

treatment  of,      1181 

Chloralamid, 1176 

Chloralammonia, 1176 

Chloralose,      1176 

Chlorates, 690 

Chloride  of  Li.me,       336 

Chlorids, ■ .    .    .  293 

tests  for,      292 

Chlorin, 334 

effects  of  inhalation  of, 335 

Chlorodynb, 799 

Chloroform, 1144 

detection  of, 1169 

distribution  of,   .  ' 1159 

elimination  of, 1159 

lethal  dose  of, 1152 

method  of  action  of, 1154 
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Chloroform,  poisoning  by, II44 

duration  of, Ugy 

origin  of, 1144 

post-mortem  appearances  after,      1168 

statistics  of, 1144 

symptoms  of, 1160 

treatment  of, 1168 

tests  for, 1 1 70 

Chlorohydrargyrates, 730 

Chloromercurates, 730 

Chromates, 701 

Chrome  green, 701 

red, 701 

yellow 701 

Chromic  anhydrid, 312,701 

acid, 312 

CicuTA  aquatica, 929 

maculata, 930 

virosa, 929 

CicuTA,  Poisoning  By, 929 

post-mortem  appearances  after,      931 

symptoms  of, 930 

treatment  of, 931 

CicUTiN 920 

CicuToxiN, 930 

detection  of, 931 

Cinnabar, 726 

Citric  Acid, 843 

Citrine  Ointment, 739 

Classification  of  Poisons, 151,.  224 

Cobalt, 383 

CocAiN, 893,    894 

detection  of, 907 

elimination  of, 905 

lethal  dose  of, 901 

method  of  action  of, 902 

poisoning  by, 897 

chronic, 910 

duration  of, 901 

fatal  cases  of, 905 

post-mortem  appearances  after,      906 

statistics  of, °97 

symptoms  of, •'0'' 

in  fatal  cases, "05 

in  non-fatal  cases, 903 

treatment  of, ^0^ 

COCAINOPHAGIA, 

COCAMIN, S^^ 
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CoccuLus  Indicus, 1090 

CoDEiN,    .    .    .   _ 944,  946,  998 

poisoning  by,      970 

Coefficient  of  Toxicity, 92 

colchicein, 910 

colchicin,      910 

detection  of,        ■  918 

lethal  dose  of, 914 

COLCHICUM, 910 

lethal  dose  of, 914 

poisoning  by,      911 

duration  of, 914 

post-mortem  appearances  after,      917 

prognosis  of, 914 

statistics  of, 911 

symptoms  of, 915 

treatment  of,      917 

Color  Reactions, 172 

Compound  Poisoning,      105 

conhydrin, 921 

CoNiciN, 920 

CoNiiN, 920 

detection  of, 925 

lethal  dose  of, 922 

method  of  action  of, 924 

poisoning  by,      921 

duration  of, 923 

post-mortem  appearances  after, 925 

prognosis  of, 924 

statistics  of, 921 

symptoms  of, 924 

treatment  of,      925 

tests  for,      926 

CONIIN-LIKE  Ptomains, 928 

CoNiUM, 920 

lethal  dose  of, 922 

poisoning  by  (see  Coniin,  poisoning  by) 

Copper, 705 

acetates,      710 

alleged  poisonings  by, 708,  709,  710 

analytical, 712 

compounds,  are  they  poisonous? 705 

detection  of, 712 

"normal," 707 

salts  of,  used  in  poisonings, 710 

sulfate, 710 

lethal  dose  of, 711 

poisoning  by, 710 
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Copper,  sulfate,  poisoning  by,  post-mortem  appearances  after,    ...     712 

symptoms  of, 711 

treatment  of,      712 

tests  for,      714 

Corpus  Delicti, 207 

Corrosive  Sublim.\te  (see  Mercury,  Mercuric  chlorid), 729 

Corrosives, 51,  56,  226,  227 

action  of, 91 

circumstances  and  conditions  modifying, 91 

methods  of, 89 

definition  of, 51,  56 

influence  of  cunceutration  on, 94 

local  action  of, 89 

COWBANE, 929 

Cream  of  Tartar, 843 

Cremation, 223 

Creolin, 1186 

Creosote, 1186 

Cresols, 1186 

Cresylic  acids, 1186 

phenols,       1186 

Cresylols, ■    1186 

Choton  Oil, 1093 

CtrPRic  arsenate, ^"^ 

arsenite, 578 

Curare,      lOH 

CURAHIN, 1013 

Cyanic  Poisoning  (see  Hydrocyanic  acid.  Potassium  cyanid),      ...     791 

duration  of, S04,  805 

forensic  questions  relating  to, 811 

homicides  by, °00 

method  of  action  of, 806 

origin  of, ^^^ 

post-mortem  appearances  after,      °1^ 

prognosis  in, 

statistics  of, ^^^ 

80S 
symptoms  of 

treatment  of,      

791 
Cyanic  Poisons, 

method  of  action  of, ^"^ 

r.  .    .     795 

Cyanids, g^g 

Cynoctonin,      

T.  864 

^^™''^'      .864 

Daturin, „ 

Dead  Body,  evidence  of  poisoning  from, 

Death,  by  poisoning, 

Definition  of  corrosive,      ' 
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Definition  of  poison, 51,  56 

of  toxicology, 50 

Dehydromoephin, 946 

Dhurrin, 793 

Dialysis, 176 

DiGALEN, 1081 

DiGITALEIN, 1081 

DiGITALIN,        1080 

tests  for,      1086 

Digitalis, 1080 

detection  of, 1086 

lethal  dose  of, 1083 

method  of  action  of, 1083 

poisoning  by,      1082 

duration  of, 1083 

post-mortem  appearances  after,      1086 

symptoms  of, 1085 

treatment  of,      1085 

DiGITALOSE, ' 1981 

Digitogenin, 1080 

DiGITONIN, 1080 

DiGITOXIGENIN, 1081 

DiGITOXIN, 1080 

Distribution  op  poisons  (see  Arsenic,  distribution  of) 88 

DORMIOL, 1176 

Dose  (see  Definition),       54,  210,  211 

fatal, 92 

lethal,       92,  93 

medicinal, 92 

minimum  lethal, 92 

physiological, 92 

therapeutic, 92 

toxic, 92 

DuBoisiN, 865 

EcGONiN, 895 

ECHUJIN, 1081 

Elimination  of  Poisons, 108 

treatment  to  favor, 113 

Embalming, 566 

legislation  concerning, 131 

Emulsix 792 

Endogenous  Pdi.soxixgs, 64 

Erythrophloein, 1081 

Essence  of  Mirbaxe,      1212 

Essences, 1094 

Essential  Oils 1094 

Ethyl  Piperidin, 921 
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EucAiN, 896 

EUPHTHALMIN, |S97 

Examination,  chemical,      146   151 

external,      136,  140 

for  alkaloids,       I55,    165,  176 

for  glucosids,       155_  165 

for  mineral  poisons, 185 

for  sulphuric  acid, 267 

for  volatile  poisons, 153 

internal, 136 

of  blood,      142 

of  body, 140 

of  stains  by  acids, 271 

pathological, 132,  140 

physical,      146,  149 

physiological, 146,  196 

spectroscopic, 150 

Excreta,  detection  of  poisons  in,       125 

Exogenous  Poisonings, 65 

External  Conditions,  influence  of,  on  action  of  corrosives  and  poisons,     91 

Extraction  apparatus  for  liquids, 159 

direct,      178, 

Feces,  detection  of  poisons  in, 126 

Ferrosilicium,      680 

Fish,  poisoning  by, 1107 

Fluorin,  detection  of,  in  organic  mixtures, 310 

Fly  Poison,        383 

arsenic  in, 422 

homicides  by, 383 

poisoning  by,      383 

Food,  detection  of  poisons  in, 126 

Food  Poisoning, 215 

Foods,  poisonous  or  infectious, 1100 

Forensic  Questions, 201 

Can  a  case  be  made  out  if  the  body  has  been  cremated? .    .    .  223 
Can  a  case   of  poisoning  be  diagnosed  from  the  symptoms 

alone? '  .    .    .    .      123,971 

Could  poisoning  have  been  simulated? 204 

Could  the  substance  administered  have  caused  death?.    .    .  210 

Could  the  substance  have  been  administered  as  a  medicine? .  215 
Could  the  substance  separated  have  had  an  origin  other  than 

administration  during  life? 220 

Is  a  poisonous  substance  given  in  minute  quantity  a  poison?  210 

Is  the  flesh  of  poisoned  animals  poisonous?      222 

May  the  poison  be  undetectable? 205 

Was  arsenic  found  in  the  cadaver  of  ante-mortem  or  post- 
mortem origin? 5-^''  ■^''- 

Was  disease  or  poison  the  cause  of  death? 97 
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Forensic  Questions, 

Was  the  death  or  disorder  caused  by  poison? 201 

Was  the  poison  introduced  during  life? 124 

Was  the  poison  taken  in  dose  sufficient  to  cause  death?    .    .  211 

Was  the  poisoning  suicidal,  accidental,  or  homicidal?    .    .    .  213 

Was  the  substance  found  by  the  chemist  the  poison?     .    .    .  209 

What  poison  produced  the  injury  or  death? 207 

When  and  how  was  the  poison  taken? 219 

relating  to  cyanic  poisoning, 811 

Geissospermin, 1061 

Gelsemin, 935,936,941 

detection  of, 940 

tests  for,      941,  1060 

Gelseuinia, 935 

Gelseminin, 935,  936,  942 

Gelsemium, 935 

poisoning  by,      937 

duration  of, • 940 

post-mortem  appearances  after,      940 

symptoms  of, ;    . 938 

treatment  of,  940 

Gltjcosidal  Poisons, 1080 

Gldcosids,- 155,  1080,  1081 

general  reagents  for, 165 

Goulard's  Solution, 716 

Grandiflorin, 1078 

guaiacol, 1186 

Gynocardin,      793 

Habit,  effect  of, 100 

h^mocyanin, 707 

Halogens, 334 

Health,  in  relation  to  poisons, 96 

Heart,  appearance  of  in  poisoning, 146 

Heliotropin, 1078 

Hellebore, 1073 

Hellebohein, 1081 

Hemlock  (see  Coniin), 920 

Hemlock  Water, 929 

Histogenal,      590 

History  of  Toxicology', 5 

HoLOCAiN,      897 

homatropin, 865 

Hydrochloric  Acid, 276 

analytical, 287 

as  a  reagent, 182 

corrosion  by, 278 
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Hydkochloric  Acid,  corrosion  by,  diagnosis  of, 282 

post-mortem  appearances  after,      283 

prognosis  of, 283 

symptoms  of, 279 

treatment  of,                  239 

separation  of,  from  organic  substances, 288 

tests  for,      292 

Hydrocyanic  Acid  (see  Cyanic  poisoning),      791 

absorption  of, 806 

detection  of, 816 

lethal  dose  of, 803 

method  of  action  of, 806 

strength  of, 794 

tests  for,      816 

Hydrofluoric  Acid, 308 

Hydrogen,  antimonid, * 347 

arsenid, 387 

poisoning  by, 388 

cases  of, 389 

chronic, 390 

industrial, 389 

post-mortem  appearances  after, 394 

symptoms  of, 390 

properties  of,      387 

phosphid, ^'" 

Hydroquinone, IISQ 

Hygrin,       896 

Hyoscin, 86^ 

Hyoscyamin, °"^ 

Hyoscyamus  (see  Atropic  poisoning), 864 

Hypaphorin ^y°^ 

Hypochlorites, "'"*" 

effects  of, ^^^ 

1112 
Ice  Cream,  poisonous,      

Idiosyncrasy,  effect  of, 

Illuminating  Gas  (see  Carbon  monoxid), _  •  m^ 

Imbibition  of  Poisons, l''''-  ^^'^'  ^'^^ 

Intestines,  appearance  of,  in  poisoning, 

removal  of  poison  from, 

Intolerance,  effect  of, 

T                                                                                                                  ....  338 

lo"!'''      • 342 

detection  of, 

in  potassium  iodid, 

intoxication  by, 

symptoms  of, 

quantitative  determination  of, 

separation  of, 

tests  for,  
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isoaconitin,      847 

Japaconitin,      848 

Jasmine, 935 

Javelle  Water, 336 

Jervin, 1073 

tests  for, 1079 

Kidneys,  appearance  of,  in  poisoning,      146 

King's  Yellow, _ 584 

"Knock-out  Drops," 62,  1177 

Labarraqxte's  Solution, 336 

Lactotoxin, 1111 

Lappaconitin, 849 

Lead,  acetates,       716 

acute  poisoning  by, 715 

post-mortem  appearances  after,      719 

symptoms  of, 718 

treatment  of,      719 

carbonate, 716 

chromate, 701 

compounds,  lethal  dose  of, 717 

detection  of, 720 

quantitative  determination  of, 720 

sugar  of,       716 

tests  for,      721 

white, 716 

Legislation,  American, 57,  59 

Austrian, 59,  63 

English, 5N,  63 

French, 59,  63 

German,       58,  63 

Life  Tests, 196 

LiNA-M-\.niN, 793 

Liquor  Villati, 790 

Liver,  action  of  poisons  upon, 101 

appearance  of,  in  poisoning, 146 

Lotussin, 793 

Lucifer  Disease, 681 

Lupine  Alkaloids, 927 

LupiNiDiN,      927 

Lycaconitin, 849 

Lysol, 1186 

Maidism, 1071 

Mandragorin, 866 

Meat,  poisoning  by, 1100,  1103 

Mechanical  Irritants, 56 

Medicine,  detection  of  poisons  in, 126 
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Method  (see  Process) 

Mebcusial  Poisoning  (see  Mercury,  Mercuric  chlorid,  White  precipi- 
tate, Turpeth  mineral) 

acute, y^5 

absorption, y^y 

diagnosis  of, ygg 

distribution, y^y  y^g 

duration  of, y^g 

method  of  action  in, y52 

post-mortem  appearances  after,      768 

prognosis  in,   . 7(33 

symptoms  of, y5g 

treatment  of,      yg3 

chronic, yy][ 

Meecdeic  ChI/Orid, yog 

lethal  dose  of, 734 

poisoning  by,      73I 

accidental, 73I 

homicidal, 733 

suicidal, 733 

Meecueic  cyanid, 740 

iodid, 737 

nitrate 739 

a  corrosive, 739 

oxid, 725 

poisoning  by,      725 

Mercuric  sulfate  (see  Turpeth  mineral),      738 

sulfid, 726 

sulfocyanid, 744 

thiocyanate, 744 

Mbrcubotjs  Chlorid, 726 

poisoning  by,      727 

Mercury  (see  Calomel,  Corrosive  sublimate,  White  precipitate),     .    .  721 

cacodylate, ' 589 

detection  of, 773 

and  determination  of,  in  urine, 778 

diethyl, 745 

dimethyl, 745 

diphenyl, 745 

elimination  of, 765 

metallic,       722 

action  of, 722 

in  medicines, 722 

oxides  of, 725 

-potassium  iodid, 167 

Reinsch's  test  for, 600 

tests  for  mercuric 775 

for  mercurous,        ^^^ 
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Metallocyanids,      795 

METHYIy-CONIIN, 921 

Methyl-morphin, 94Q 

Methyl  Phenols, 1186 

MiCBO-SDBLIMATION, 180 

Milk,  poisoning  by,      1111 

Mineral  Acids, 151^  227 

mixed, 307 

tests  for,      263,  266 

alkalies, 151,  314 

poisons, 151,  185,  191,  224,  225,  226,  345 

Mirbane,  essence  of, 1212 

oil  of, 1212 

MiTis  Green 578 

Mixed  Acids, 307 

MoRPHiN  (see  Opium), 944 

absorption  of, 959 

action  of  the  animal  economy  on, 977 

Can  it  be  distinguished  from  ptomains? 999 

detection  of, 980 

elimination  of, 976 

fate  of, 976 

lethal  dose  of, 952 

method  of  action  of, 960 

poisoning  (see  Opium,  Poisoning  by) 

preparations  of, 947 

tests  for,      9S4 

Mummification 502 

Murder  by  Poison,  evidence  of, 118 

Musquash  Root,  . 930 

Mussels,  poisoning  by, 1109" 

Mydalein,      893 

Myoctonin, S49 

Mytilitoxin, 1110 

Napellin, 847 

Narcotin, 998 

Neo-arsykodile, 590 

Nepalin, 848 

Neriin, 1081 

NiCOTIN 1001 

detection  of, 1006 

lethal  dose  of 1004 

poisoning  by,      1002 

duration  of, 1004 

post-mortem  appearances  after, 1006 

symptoms  of, 1005 

treatment  of,      1006 
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NicOTiN,  quantitative  determination  of, 1010 

NiRVANIN, 897 

Nitrates, 304 

tests  for,      299 

Nitric  Acid, 293 

analytical, 298 

as  a  reagent, 17.5,   185 

corrosion  by, 295 

diagnosis  of, 296 

post-mortem  appearances  of, 297 

prognosis  of, 297 

symptoms  of, 296 

treatment  of,      239 

quantitative  determination  of,    .    . 301 

tests  for,      299 

Nitrites, :!04,  306 

Nitrobenzene, 1212 

detection  of, 1222 

elimination  of, 1217 

lethal  dose  of, 1216 

method  of  action  of, 1216 

poisoning  by, 1213 

duration  of, 1215 

post-mortem  appearances  after,      1222 

symptoms  of, 1218 

treatment  of,      1222 

NiTROMURIATIC  AciD, 308 

Nitrous  Fumes, 301 

post-mortem  appearances  by, 304 

symptoms  by, 303 

treatment, 304 

Novocain, 897 

Noxious  Substances,  classification  of,     ....   , 56 

definition  of, 57 

Nux  Vomica, 1011 

CEnanthe  Crocata, 930,  932 

ffiNANTHE  FiSTULOSA,         932 

CEnanthe,  poisoning  by,      932 

post-mortem  appearances  after,      934 

symptoms  of, 933 

CEnanthin, 933 

CEnanthotoxin, 933 

Oils,  essential, 1094 

volatile, 1094 

Oil  of  bitter  almonds, 794 

poisoning  by,  symptoms  of, 810 

of  cedar,      1095 
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Oil  of  mirbane, 1212 

of  savin,      1096 

of  tansy,      1097 

of  turpentine, 1094 

Oleandrin, 1081 

Opiui\i  (see  Morphin),       944 

absorption  of, 959 

lethal  dose  of, 952 

method  of  action  of, 960 

poisoning  by,      947 

diagnosis  of, ,  .    .    .  971 

duration  of, • 952 

homicidal, 948 

post-mortem  appearances  after,      979 

statistics  of, 947 

symptoms  of, 963 

treatment  of,      972 

unusual  symptoms  in, 967 

preparations  of, 947 

Orpiment,       .5,84 

Orthoform, 897 

OsciN, 866 

Ouabain, 1081 

OvERBURY,  Sir  Thomas, 20 

Oxalates,      825 

Oxalic  Acid, 825 

detection  of, 840 

elimination  of, S37 

lethal  dose  of, 829 

method  of  action  of, 831 

poisoning  by,      826 

duration  of, 830 

origin  of,      .    .  ' 826 

post-mortem  appearances  after,      838 

prognosis  in, 836 

statistics  of, 826 

symptoms  of, 834 

treatment  of, 838 

test  for, 841 

OXYDICOLCHICIN, 916,  918 

OXYDIMORPHIN, 946,  997 

Oysters,  poisoning  by, 1109 

Paramorphin, 946 

Paris  Green, 578 

Parsley,  Fool's 934 

Pathological  Examination, 132,  140 

Pellagra 1071 
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Perforators, 159^  162 

Pharaoh's  Serpents 744 

Phaseolunatin, 792 

Phenic  Acid, 1185 

Phenol,      1185 

detection  of, 1205 

elimination  of, 1196 

lethal  dose  of, II93 

method  of  action  cf, 1196 

poisoning  by,      1187 

duration  of, 1195 

post-mortem  appearances  after, 1204 

'statistics  of, 1187 

symptoms  of, 1198 

treatment  of,      1203 

tests  for,      1208 

Phenols, 1185 

Phlorrhizin, 1078 

Phosphatol,      638 

Phosphorus,      630 

absorption  of, 641 

detection  of, 670 

elimination  of, 663 

in  rat  poisons, 634 

lethal  dose  of, 639 

matches, 633 

method  of  action  of, 643 

■  poisoning,  acute, 635 

accidental, 638 

channel  of  administration, 664 

diagnosis  of, 60S 

duration  of, 640 

fatty  degeneration  in, 647 

homicidal, ^^^ 

post-mortem  appearance  after, 665 

prognosis  in, "oy 

statistics  of, ^'^^ 

suicidal, 637 

symptoms  of, " 

treatment  of,      ^^^ 

6S1 
poisoning,  chronic, 

preparations  containing, "^'^ 

'^  ,                                                                                                 634 

'^'^' ....  630 

yellow, 

lethal  dose  of, ' °^^ 

146    1 49 
Physical  Examination, ^^"'     J" 

Physical  Irritants, 

Physician,  duties  of,  in  case  of  poisoning, 
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Physiological  Tests, 146,196 

PiCKACONITIN, 848 

PiCROTIN, 1090 

PiCBOTOXIN, 1090 

detection  of, 1092 

lethal  dose  of, 1091 

poisoning  by,      1090 

duration  of, 1091 

post-mortem  appearances  after, 1092 

symptoms  of, 1091 

treatment  of, 1092 

PiCROTOXININ, 1090 

Platinic  Chlorid, 169 

Poison  (see  Poisoning,  Poisons,  Toxicology) 

circumstances  and  conditions  modifying  the  action  of,  .    .    .         !ll,  92 

dose  of, 92 

evidence  of  murder  by, 118 

from  presence  of,  in  cadaver, 146 

influence  of  age  of, 94 

of  solubility  of, 94 

or  medicine? 215 

quantity  of,  as  influencing  its  action, 92 

Was  it  introduced  during  life? 124 

Was  the  death  or  disorder  caused  by? 201 

When  and  how  taken? 219 

Poisoning  (see  Forensic  Questions,  Poison,  Poisons,  Toxicology) 

accidental, 68 

acute, 71 

autopsy  after, 133,  134,  135 

by  retention, 64 

Can  it  be  diagnosed  from  the  symptoms  alone? 123 

causation  of, 64 

chronic, 71,    98 

communicated, 65 

complete  recovery  from, 118 

compound,      105 

criminal,  without  intent  to  kill,      70 

death  by, 118 

duties  of  physician  in  cases  of, 127 

endogenous, 64 

evidence  of,  from  dead  body,       132 

from  history  of  attack, 121 

from  living  body, 121 

from  presence  of  poison, 146 

from  syrriptoms, 123 

exogenous,      65 

food, 69,  126,  215,  1100 

from  environment, 69 
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Poisoning,  homicidal, gg 

industrial, go 

legislative  enactments  relating  to,      57 

medicinal, go 

motive  for,      gy 

partial  recovery  from, 2jg 

peracute, yj^ 

prognosis  of,        jjg 

recovery  from, jjg 

simulated,        12   204 

statistics  of, 7I 

subacute, 7I 

suicidal, gg 

treatment  of  (see  Treatment  under  each  poison), 110 

Poisons  (see  Forensic  questions.  Poison,  Poisoning,  Toxicology),     .    .     226 

absorption  of, 78,  80,  88 

acids,  alkalies,  etc., 224 

aconitic  (see  Aconite,  Aconitin), 850 

action  of, 89 

action  of  liver  upon,      101 

administration  of,      52,  65,  431 

age  in  relation  to,      96 

alkaloidal,       • 845 

animal, 225,  226,  1100 

antagonism  of, 117 

antimonial, 345 

arsenical     (see    Arsenic,    Hydrogen    arseuid.    Arsenical    greens. 

Arsenical  poisoning), 381 

as  normal  constituents  of  human  body, 221 

atropic, 866 

classification  of, 151,  224 

continued  action  of,      98 

corrosives, 226 

cumulative  action  of, 98 

definition  of, 51,  56 

detection  of  in  excreta, 125 

distribution  of  (see  Arsenic,  distribution  of), 88,  200 

effect  of  on  different  species  and  races, 94 

elimination  of, ^^^ 

treatment  to  favor, ■, ^^^ 

gaseous, 1^1'  224,  225 

glucosidal, 1080 

haematic,      

no 

industrial  use  of,    . 

irritant, ^^^ 

local  action  of, 

metallic,      ^^^ 

methods  of  action  of, ^^ 

IV.— 79 
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Poisons,  mineral, 151,  185,  191,  224,  225,  226,  345 

muscular, 226 

neuro-muscular, "...  226 

neurotic,      225 

non-alkaloidal,  non-glucosidal,  vegetable, .  1088 

organic, 151,  224 

physiological  antidotes, ,117 

post-mortem  imbibition  of,      .    .  199 

introduction  of,      221 

remote  action  of, 90 

removal  of, .110 

from  intestines,      112 

from  stomach, ...  110 

from  wounds, .    .  110 

sale  of, 59 

synthetic, .  226,  1116 

undetectable,      ...  205 

vegetable, 22.5,  226,  789 

non-alkaloidal,  non-glucosidal, 1088 

volatile,        151,  153,  224 

Position  op  Body, 132 

PoST-moRTEM  imbibition  of  poisons, 199 

introduction  of  poisons, 221 

Potash  (see  Alkalies) 

caustic, 314 

PoTASSitJM-antimonyl  tartrate,        349 

carbonate, 314 

chlorate,      690 

detection  of, 699 

elimination  of, 697 

lethal  dose  of, 691 

poisoning  by,           690 

duration  of, 692 

post-mortem  appearances  after,      697 

symptoms  of, 694 

treatment  of. 697 

chromate, 701 

compounds,  action  of, 320 

cyanid, 795 

lethal  dose  of, 804 

symptoms  caused  by, 810 

dichromate, 702 

detection  of, 705 

lethal  dose  of, 703 

poisoning  by,      702 

duration  of,         703 

post-mortem  appearances  after 704 

symptoms  of, 703 
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PoTASSiUM-hydroxid, 314 

nitrate, 305 

oxalates,      ...         S2.5,  826 

sulfates, 276 

tartrate,       §43 

Process,  biochemical,       q20 

electrolytic, 380 

for  alkaloids,       155   lyg 

for  mineral  poisons, 185^  191   372 

for  volatile  poisons, I53 

of  Bertin-Sans  and  Mirtessier,         1135 

of  Binda, 672 

of  Brieger,       178 

of  Bunseu,      375 

of  Chittenden  and  Donaldson, 190,  594 

of  Clark,      375 

of  Classen  (electrolytic), 380 

of  Cohn  and  von  Mering,      291 

of  Davy,      376 

of  Dragendorff 157 

of  Deniges,      191 

of  V.  Dumreicher,       301 

of  Dusart, 675 

of  Dusart- Blondlot, 678 

of  Flandin  and  Danger, 190 

ofFodor, 1141 

of  Frerichs  and  Rodenberg, 628 

of  Fresenius  and  von  Babo, 187,  597 

•  of  Fresenius-Neubauer, 678 

of  Gardella,     .    .    .    ^ 672 

of  Gautier,       ISO,  504,  1143 

of  Gordin, 181 

of  Gosio,      620 

of  Graham  and  Hofmann, 177 

of  Grigorijew, 190 

of  Gutzeit,       626 

of  Gutzeit-Fluckiger, 618 

of  Habermann  and  Oesterreicher, 675 

of  Haldane, 1139 

of  Harcourt, 1175 

of  Hilger  and  Kuester,      179 

of  Hilger  and  Xattermann,      674 

of  Husemann 157 

of  Igefsky  and  Nikitin, 596 

of  Jeserich,      189 

of  Justus, 501,622 

of  Kippenberger, 164,  181 

ofKjeldahl, 186 
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Process  of  Mai  and  Hurt,       626 

of  Kof  and  Haehn, 775 

of  Lafargue, 672 

of  Lehmann, 775 

of  Marme, 156 

of  Mayer, 775 

of  Meillere, 191 

of  Meyer, 372 

of  Mitscherlioh,      673 

of  Muckerji,        675 

of  Naquet,       376 

of  Neumann,      596 

of  Nicloux,      1142,  1173 

of  Ogier,      189 

ofPagel,      191 

of  Palm, 178 

of  Perrin  and  Duroy, 1174 

ofPouchet, 191 

ofProUius,      156 

of  Rose, 375 

of  Rose  and  Finkener,      781 

of  Roussin, 269,  290 

of  Scheerer, 672 

of  Schiff  and  Tarugi 193 

of  Schlikum,       620 

of  Schmiedeberg, 1175 

of  Schneider  and  Fyfe  (Beckurts), 593 

of  Sjogvist, 292 

of  Sonnensehein, 177 

of  Stas, ^ 155 

of  Stas-Otto * 156 

of  Stich,      672 

of  Strzyzowski,      597 

of  Szigeti, 1132 

ofThiele, 376 

of  Thomas, 157 

of  Uslar  and  Erdmann, 156 

of  Verryken, 186 

of  Vitali, 2SS,  299,  333,  781 

of  Walchholz  and  Sieradzki, 1134 

of  Weyl  and  Anrep,      ,.  1134 

of  Wieohowski, 907 

of  Winter-Hayem, 291 

of  Woehler  and  Siebold,       186 

of  Wolff-Schneider, 778 

Prognosis  of  Poisoning, 118 

Prussic  Acid, 791 

pseddac'omtin, 848 
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pseudo-conhydrin,      921 

psbudo-hyoscyamin, 866 

pseudojervin, 1073,  1079 

Ptomains, 892,  919,  928 

and  morphin,      999 

and  strychnin, 1070 

colchicin-like, 919 

coniin-like,      928,  1010 

nicotin-like, 1010 

poisoning  by,      1100 

veratrum-like, 1079 

Ptomatbopin, 892 

PuEiTY  OF  Reagents,      182,  220 

Pyhocatechol,      1186 

Pyrogallic  Acid, 1187 

Pyrogallol,      1187 

Quantitative  Determination  of  Alkaloids, 180 

quebrachamin, 1061 

Qdebrachin,      1061 

Quicklime, 314 

Reaction  (see  Reagent,  Test) 

Arnold's, 174,  890,  993 

Berthelot's, 1209 

Bettendorff's, 620 

Biel's, 909 

biochemical, 620 

Bloxam's, 996 

Brissement-Derrien's, 1087 

Brouardel  and  Boutmy's, 996 

Brunner's, 891 

Brunner-Pettenkofer's, 1087 

Da  Silva's,      909 

Deville's, 1209 

Donath's, 993 

Ehrhch's  diazo,      1209 

euchlorin, l''^'  1965 

Eulenberg's, 1138 

Eykmann's, 1209 

Fluckiger's, 890,  996 

Fraude's, 1^^ 

Frohde's, 987 

furfural, 175,  995 

Gerrard's, 890 

Giesel's,       908 

Grandeau's, 1986 

Greitherr's, 908 
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Reaction,  Grimaux's,      995 

Guareschi's, 1210 

Gulielmo's,      891 

Hager's, 996 

Horsley's, 996 

Husemann's, 991 

Ipsen's, 1137 

Jacquemin's, 1209 

Jorissen's, 992 

Katayama's, 1137 

Kiliani-Keller's, 1087 

Kunkel  and  Welzel's, 1135 

Lafon's,       996,  1087 

Landois' 1136 

Landolt's, 1208 

Langley's, 1093 

Le  Fort's, 994 

Lerch  and  Soharge's, 909 

Lex's, 1209 

Liebermann's, 176,  1209 

Marshall  Hall's 1063 

Marquis', 995,  1210 

Melzer's,      ,    .    .    .    .     1093,  1210 

Metzger's, 908 

Millon's,       1208 

Minovici's,       1093 

Nadler's, 992 

orcin, 1171,  1183 

Pellagri's, 989 

Pettenkofer's, 995 

picric  acid,      1210 

Ragsky's, .    .    .   1172 

Reichard's, 910 

resorcinol, 1171,  1182 

Robiquet's, 984 

Roussin's, 1008 

Rubner's, 1136 

Salkowski's, 1136 

Schell's,       909 

Schlikum's, 620 

Schwarz's, 1182 

Selmi's, 995 

Siebold  and  Gron's, 993 

Tattersall's, 993 

Thaeter's, 1093 

Udransky's 995 

Vitali's, 888,  908 

Vitali-Tornani's, 1172 
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Reaction,  Weppen's, [^7^ 

Zaleski's,     ...  ,,„„ 

_  '  116b 

Reactions  of  antimony,  o^, 

color, J72 

Reagent  (see  Reaction,  Test) 

Brociner's,       ,y^ 

Buckingham's,  274 

Denige's, 379 

D^vry's, : : : ; :  165 

Dragendorff's,  jgg 

Erdmann's,  jy^ 

Frohde's, ,-;_  ggy 

Guy's,      '  J74 

Hager's, ;^7q 

Lafon's, ^y^ 

Luchini's, jy4 

Madelin's, J74 

Marme's, ^gy 

Mayer's,       u;7,  180 

Scheibler's, Igg   igy 

Selmi's,    .    .    .    ^ I74 

Sonnenschein's,      165    174 

Stokes', 1132 

Wagner's, 168,  180 

Wenzell's, 174 

Reagents  for  alkaloids, 165 

for  glucosids,       165 

general, "...     165,  170 

purity  of, 182 

Recovery  from  poisoning,      118 

Resorcinol,       1186 

Respiration,  artificial, 114 

Salt  of  Saturn,      716 

of  Sorrel, 825 

Sambunigrin, 793 

Saprol,       1186 

Sausage  Poisoning, 1101 

Savin,  oil  of,      1096 

Scheele's  Green, 577 

Schweinfurth  Green, 578 

Scillitoxin, 1081 

scopolamin, 865 

scopolein, 866 

ScopoLiN, 866 

Sebadin, ■ 1078 

Separator, 161 

Septentrionalin, 849 
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Shell-fish,  poisoning  by, 1110 

Shot,  arsenic  in, 386 

SiKERANIN, 865 

Silicon  Fluoric,      316 

Silver  Nitrate, 304 

Simulation  of  Poisoning, 12,  204 

SiuM,  angustifolium, 935 

aquaticum,      935 

Carsonii,      935 

latifolium,       935 

lineare, 935 

Soda  Caustic, 314 

Sodium  cacodylate,       587 

carbonate, 314 

chlorate,      690 

dimethylarsenate,      587 

hydroxid, 314 

nitrate, 305 

peroxid, 314 

Sorrel,  salt  of,      825 

Spara,  La,      21 

Spectroscopic  Examination, 150 

Spirits  of  Hartshorn  (see  Ammonia) 

Spleen,  appearance  of  in  poisoning,      146 

Stains  by  Acids, 271 

Statistics  of  Poisoning, 71 

Stomach,  appearance  of,  in  poisoning,      144 

removal  of  poison  from, 110 

Stovain, 897 

Stramonin, 866 

Stramonium  (see  Atropic  poisoning), 864 

Strophanthin,      1081 

Strychnin, 1011,  1012 

absorption  of, 1034 

detection  of, 1056 

distribution  of, 1035 

elimination  of, 1052 

failure  of  detection  of,      1067 

fate  of, 1052 

homicides  by, 1017 

in  vermin-killers, 1017 

lethal  dose  of, 1029 

method  of  action  of, 1040 

or  ptomain, 1070 

poisoning  by,      1014 

diagnosis  of , 1050 

duration  of, 1031 

historical, 1014 
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Strychnin,  poisoning  by,  post-mortem  appearances  after, 1055 

prognosis  of,       J051 

statistics  of, jqj^ 

symptoms  of,      J041 

treatment  of,      jq^j^ 

separation  from  briicin, ]^066 

tests  for,      ;^(j5g 

SUBCUTIN, ggy 

"Succession  Powdees," 24 

Sulfates,       273 

tests  for,      267 

SuLPUEic  Acid, 242 

analytical, 263 

as  a  reagent, 173^  183 

corrosion  by,  diagnosis  of, 253 

in  rectum,       250 

in  vagina, 251 

post-mortem  appearances  after,      256 

primary  symptoms  of, 243 

prognosis  of,        253 

secondary  symptoms  of,       251 

symptoms  of,      243 

treatment  of,      239 

examination  for, 270 

external  application  of, 254 

fuming, 243 

primary  action  of, 243 

quantity  of, 268 

secondary  effects  of,      243 

tests  for,      267 

SuGAE  OP  Lead, 716 

Surroundings  op  Body, 132 

Symptoms,  value  of  in  diagnosis, 123 

Synthetic  Poisons, 226,  1116 

Tansy,  oil  of, 1097 

Tartaric  Acid, 842 

poisoning  by,      842 

post-mortem  appearances  after,      844 

symptoms  of, 843 

Taetae  Emetic, 349 

administration  of, 356 

chemistry  of,       349 

detection  of  (see  Antimony) 

distribution  of, 365 

elimination  of, 365 

experiments  with,      368 

lethal  dose  of, 356 
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Tartar  Emetic,  poisoning  by, 352 

accidental,      .        .  355 

by  external  application, 364 

by  repeated  doses, 364' 

duration  of, 360 

homicidal, 353 

method  of  action,      365 

post-mortem  appearances  after,      .  371 

prognosis  of,       362 

statistics  of, •.    .    .  352 

suicidal,  ...        355 

symptoms  of,      362 

treatment  of, 370 

Tartrates, 843 

Test  (or  Tests)  (see  Reaction,  Reagent) 

Bettendorff's, 620 

for  aconitin, 862 

for  alkalies, 325 

for  antimony, 372 

for  arsenic,      598 

for  aspidospermin, 1060 

for  atropin, 884 

for  barium, 685 

for  bromin, 338 

for  brucin, 1066 

for  cantharidin,      1115 

for  carbolic  acid, 1208 

for  carbon  monoxid, 1131 

for  chloral,      1182 

for  chlorids, 292 

for  chloroform,  .    -. 1170 

for  cocain, 907 

for  codein, 998 

for  colchicin, 918 

for  coniin, 926 

for  copper,      714 

for  cyanids, 816 

for  digitalin, 1086 

for  digitalis  glucosids,       1086 

for  free  mineral  acids, 263,  266 

for  gelsemic  acid, 942 

for  gelsemin, 941,  1060 

for  hydrochloric  acid, 292 

for  hydrocyanic  acid, 816 

for  iodin, 343 

for  jervin, 1079 

for  lead, 721 

for  meconic  acid, 998 
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Test  for  mercury, 

for  mineral  acids, o«q   oc« 

£  ,  .  JOO,  Zoo 

tor  morphm,  ' 

f  ^..'        984 

tor  narcotm, 

for  nicotin,  ,  „„_ 

f        .,     ,                                                          1007 

tor  mtrates,     ......  299 

for  nitric  acid, „ 

for  nitrobenzene, 1909 

for  oxalic  acid,       „,, 

for  oxydimorphin,  „„_ 

for  phenol,  j208 

for  picric  acid,  1092 

for  picrotoxin, 1092 

for  strychnin, lOW 

for  sulfates,  2fi7 

for  sulfuric  acid,  or? 

for  veratrin, 1097 

for  zinc, ygg 

Hoppe-Seyler's,      ^^^ 

Marsh's, gQ^ 

modifications  of, gQg 

Reinsch's, 599 

Vitali's, 888,  908 

Thebain, 944^  94g 

Thoracic  Organs,  appearance  of,  in  poisoning, I43 

Thymolcbesol, 1]^87 

Tobacco,  poisoning  by  (see  Nicotin  poisoning),      1001 

Toffana, 21 

ToLER.tNCE,  effect  of, 100 

Toxicity,  coefBcient  of, 92 

ToxicoLOGicAi.  analysis,      146 

by  whom  made, 146 

conditions  of, 146 

several  experts  in,     .    .    .    .  ' I47 

chemistry,  development  of, 28 

Toxicology  (see  Poison,  Poisoning,  Poisons) 

bibliography  of, 30 

definition  of, 50 

derivation  of  word, 7 

forensic, 50 

general, 50 

history  of, 5 

medical, 50 

special, 227 

Treatment  op  Poisoning, 110 

antidotes  to  prevent  absorption, 112 

artificial  respiration  in, 114 

bleeding  in, 116 
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Treatment  OF  Poisoning,  cold  in, 116 

faradic  current  in, 115 

infusion  in, 116 

removal  of  cause, 110 

stimulants  in, 116 

symptomatic, 113 

to  favor  elimination, 113 

transfusion  of  blood  in, 116 

warmth  in,      115 

Tropein, 864,  866 

Tropeins, 864 

Truxillin, 896 

TURACIN 707 

Turpentine,  oil  of, 1094 

TuRPETH  Mineral, 738 

TyROTOXICON, 1110 

Tyrotoxin, 1111 

Undertaker's  Arsenic,      565 

Urine,  detection  of  poisons  in, 126 

Urochloralic  Acid,  detection  of, 1183 

Vegetable  Poisons, 225,  226,  789 

Veratria  (see  Veratrin) 

Veratrin,      1072 

detection  of, 1077 

lethal  dose  of, 1075 

-like  ptomains, 1079 

poisoning  by,      1074 

duration  of, 1075 

post-mortem  appearances  after,      1077 

symptoms  of, 1076 

treatment  of,      1077 

tests  for, 1077 

Veratroylaconin, 848 

Veratrum  (see  Veratrin), 1072 

Vermilion, 726 

Vermin  Poisons,  strychnin  in, 1017 

Vicianin, 793 

Vitriol  Throwing,      254 

"Vitriolage,"      254,1190 

Voisin,  La, 24 

Volatile  oils, 1094 

poisons, 151,  153,  224 

VoMiTus,  detection  of  poisons  in, 125 

Wall  Papers,  poisoning  by,       390,  581 

Water,  arsenic  in, 420 
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Water-hemlock,      929 

Water-parsnip, 935 

White  Arsenic, 394 

White  Lead, 71g 

White  Precipitate, 735 

poisoning  by,      736 

White  Vitriol, 733 

Wounds,  removal  of  poison  from,      110 

Zinc, 782 

analytical, 788 

as  reagent,       183 

chlorid, 783 

lethal  dose  of, 784 

detection  of, 788 

poisoning  by,  duration  of, 785 

post-mortem  appearances  after, 786 

prognosis  of, 784 

symptoms  of, 785 

treatment  of,      786 

sulfate, 783 

lethal  dose  of, 784 


